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Abstract

Introduction: Although beneficial effects of silicon for plants were well documented (Liang et
al., 2015), leaf uptake efficiency of this element in most of plants including tomato remains to be
explored. So, this experiment aimed to evaluate penetration of silicon into the tomato leaf
mesophyll.

Material and methods: This pot experiment was conducted hydroponically in a completely
randomized design with 7 treatments, 3 replications and 2 samples in research greenhouse of
Sari Agricultural Sciences and Natural Resources University, Sari, Iran. Treatments comprised
potassium silicate (K,Si0O;), sodium silicate (Na,Si0Os), and orthosilicic acid (H40,4Si), each of
them in two concentrations of 1 and 2 mM, along with a control. All treatments were applied
weekly as foliar spray. Evaluated parameters included yield, photosynthetic pigments (Carter
and Knapp, 2001), leaf silicon concentration (Elliott and Snyder, 1991), and silicon distribution
among mesophyll profiles. The later parameter was determined in three different points of the
transverse section of the leaf (near adaxial, middle of mesophyll, near abaxial) using Energy
Dispersive X- ray Spectroscopy (EDX).

Results and discussion: All of the silicon treatments resulted in an increase in leaf silicon
concentration compared to the control. However, the application of potassium silicate at 2 mM
led to the highest silicon concentration, which was not significantly different from potassium
silicate at ImM. Evaluation of the middle of mesophyll elemental profile showed that only two
treatments, orthosilicic acid at 1 mM and sodium silicate at 2 mM, resulted in a higher silicon
ratio than the control in the whole mesophyll and near abaxial point. The other treatments
showed no significant differences from the control. The Silicon ratio at the near adaxial point
was significantly higher under potassium silicate treatment compared to the control. The highest
yield was recorded under orthosilicic acid at 2 mM, which was not significantly different from
sodium silicate at 1 mM concentration.

Conclusions: Overall, the results of this research confirmed that silicon can infiltrate tomato
leaves, indicating that silicon fertilizers can be safely applied via foliar spray. Furthermore, an
important finding from this experiment was that there is no correlation between leaf silicon
concentration and tomato yield in normal conditions.
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Table 1. Concentration of elements in nutrient solution (mg /1)

Elements N P K Ca S
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Figure 1. An X ray photo taken by EDX from adaxial, abaxial and middle of the cross section of tomato leaf
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Figure 2. Percentage of elements in the cross section of tomato leaf measured by EDX device
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Table 2. Analysis of variance for leaf silicon as affected by various silicon sources spray
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Figure 3. Effect of silicon spray on the silicon concentration of tomato leaf. PS1: Potassium silicate 1 mM, PS2:

Potassium silicate 2 mM, SS1: Sodium silicate 1 mM. SS2: Sodium silicate 1 mM. OS1: Orthosilicic acid 1 mM, OS2:
Orthosilicic acid 2 mM (all columns with the same letter are not significantly different from each other)
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Figure 4. Effect of silicon spray on silicon percentage among 10 evaluated elements in the adaxial of tomato leaf. PS1:
Potassium silicate 1 mM, PS2: Potassium silicate 2 mM. SS1: Sodium silicate 1 mM. SS2: Sodium silicate 1 mM. OS1:
Orthosilicic acid 1 mM, OS2: Orthosilicic acid 2 mM (all columns with the same letter are not significantly different
from each other)
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Figure 5. Effect of silicon spray on silicon percentage among 10 evaluated elements in the middle of tomato leaf. PS1:

Potassium silicate 1 mM, PS2: Potassium silicate 2 mM. SS1: Sodium silicate 1 mM. SS2: Sodium silicate 1 mM. OS1:

Orthosilicic acid 1 mM, OS2: Orthosilicic acid 2 mM (all columns with the same letter are not significantly different
from each other)
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Figure 6. Effect of silicon spray on silicon percentage among 10 evaluated elements in the abaxial of tomato leaf. PS1:
Potassium silicate 1 mM, PS2: Potassium silicate 2 mM. SS1: Sodium silicate 1 mM. SS2: Sodium silicate 1 mM. OS1:
Orthosilicic acid 1 mM, OS2: Orthosilicic acid 2 mM (all columns with the same letter are not significantly different
from each other)
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Table 2. Analysis of variance for tomato yield as affected by various silicon sources spray
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Figure 7. Effect of silicon spray on yield of tomato. PS1: Potassium silicate 1 mM, PS2: Potassium silicate 2 mM, SS1:

Sodium silicate 1 mM, SS2: Sodium silicate 1 mM, OS1: Orthosilicic acid 1 mM, OS2: Orthosilicic acid 2 mM (all
columns with the same letter are not significantly different from each other)
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Figure 8. Effect of silicon spray on wight of single tomato fruit. PS1: Potassium silicate 1 mM, PS2: Potassium silicate
2 mM, SS1: Sodium silicate 1 mM, SS2: Sodium silicate 1 mM. OS1: Orthosilicic acid 1 mM. OS2: Orthosilicic acid 2
mM (all columns with the same letter are not significantly different from each other)

3 Shas i il oo ol ol Sl alS 2
S
s o 35 & Sl el sy S s
;ﬁbj_bcaldi)ljfﬁjg_éwﬂzboudgfﬂ
o=l Ol 03 o8 3,8 0 D g ks L3 S
Watls 3 gy sl il Slac e 5 Las S oy 35
L ke 5 Gees 3580 45 ()l 52 Syl b a5
VS et 5 Y o SIS ) S
T e P S I T S N ISEITTSC G P
Jlas 53 ol 4 3505 35m s ezl ol 10 sls O 1,
ol il il (s g ol oS 5 e
I Ve e ¥l Sl S oS el s

Al iy 358 WL g i S o) e

oy

CBle s e 50 S b B A

S (Solo gme psbar ¥ ge oo ¥ 5 ) ely, SIS
s, Ses (6 B5U i ol Jy s xiy dald
55 ol 03 s 5 S 5 Sas Ol &S (65 5bey (il
el e Bl gl e St dals bl
Ly 5 090, ot g 2505 S35 4 Wi
LS eslis 5 gl ns] L3 o (53Ldlad
SEP-JUSNEP Y ENCE SV | YU i g9
s dbey Bl s el 1 s 4 50 slad sl
535 0 s S Sl ol G O
Iy edal ooslae W\USMW,.’L (s dal
G 5 i 55 IS 5 olS Cins e 25

Wﬁ‘)‘u)wgl’ﬁ‘bwsgl;-))‘;;ﬁ&



VEOY Glicusy 9 ol oY o,laki 0 099 £l HLALS dadis ale da yukid

Ao sl glaeose Rl plar gl 0
S S S 5o Slas A eeelS 5 e
b A s G o8 5 0L s 23 ol
o 3o 03101 dlag s lo 4 (S8 4 58 Ceslie (551 e
) ames (L, 1997) 315 agl5080 1 5 Shas amat s
L n bl s Sl ash b b ol S
s SIS 5 e p 8w il o Sas 131
2 obd s &S Sl ol s daline 55 eslinad 5 50
458 SL Ay Sl o Sxe 5 JT 1SS 5o
3wy Gl o 5055 5038 35 1, (K8
S5 it A G ki D e 53 Rl
Ll o r.....,.L.A el & ol by (Xue et al, 2012)
L alie Goen 55 b s il 45 3l g sl
LS o Al
‘L%ﬁﬂ—gﬁp-:—ﬂitdéﬂy&uﬁ)*‘-’ﬁ
Oljen & L8 el (S 35880 45 S il (S
Clale il oS Gras 358 s 08 e Sose b
Fo s ;i 15 S b 6ls 55 e s
0352 Y S b Sl oS (635050 53 sl 0310
Jlaz=l 55 S WL s o5 OLES |y 358 EDX 5
L5 (53540 45 55omp Oy ko ST Ul 13,15 5 4 5
syt S LT s 5 iy gy S mhaw )
03 (ol DS 4 358 ST e s Jlel 5 sls 0L

]

e 4 S Sl ol ags s il A D e

M‘-’éﬁ“*ﬁ“ﬁﬁfﬁ-’ﬁ*‘ﬁ@m&“

0¢

LeT VL (sl ol ) Sk 530 Aol 5 ik
s Sasb s S 5 e S el 5lasly by sy
OLSGal 10 s yls 50 (6 s 4, sl 5 Sl 5NL
S SV Rl dhl b ples S ol
i S S B s Rk 03 S e
33 2 3 e ol Gl e e Aty
S ) e S5 s s e Seop Cead
SN S IPTI G P TP R PRV
o= &S «(Puppe and Sommer, 2018) sls oLis 1, VL
Sl S8 a2l Cillae Lo slaaly | ol
¥V Sk 550 il ) e S 5 S
S oo S 3 051 O Kl Ve s
e ) L5555 e S 5 Shas (5 o
o LS g e el 5l e JUS opl kel ]
A by DS 7l (e 30
s 0 S ZELN S S i b lis > 4 S
e S s ALS S S5 S o
ol edi o5l s «(Nikolic et al., 2007) 5 55}
das e il ol 5 Sas 5 Al e 4055 &S
ol i 5,155 (Liang et al., 1993; Liu et al., 2011)
Jsdoes a1 53 s 55 s 00 053581 48 2l
sls Gl s WY B 1y K5 a8 5 Shas ol
i oS el OF Sy glasy 3 Slilasl ccnl 2 05331
Sl dewe s Y V0 u-<'f’ S 5 Slas ‘p—:*-:\-:“
o gmn o310 5 3lin il 5l LB il ol &S 3 S
S u_<4j3 4> S slao ss (Liang et al., 1993) 5
3 =235 50 sl ald b aslie 5o ek 4 dsS

(Liang et al., 1993) Law; YL sl 5 Sas L



358 42 98 oliS y Slac 3 T 5B g psslins (S 53 43S 1S ) ylSen g pansld G ol

J}\:gwsjbg?..\iu:@\MUQw
il (Kpar S s Shas b 2o bl 50 Ldsse

uev\_.sjjz.él_iev\_.sj&ll_?bﬁ) .)az.\fi)b_}e.hi Cewddo

00

Lo S sl (3l sl g Sl eslinad 11 sl
ol bl Gl (55 S oS 53 ek
e s oble 6 o ki (85558 Ol J-
o=l 203 g o 58 oo 18 eslind 3550 il
Q@—W}‘—Q&ﬁ¢£ﬁp~ry‘r¢d%¢”¢’ﬁ

Sols e 3 See il8l cdl 8 ol V.:..,;Lb



VEOY Glicusy 9 ol oY o,laki 0 099 £l HLALS dadis ale da yukid

Liang, Y., M., Nikolic, R., Bélanger, H., Gong, and
A., Song. 2015. Silicon in Agriculture. Dordrecht:
Springer.

Lichtenthaler, H.K., and C., Buschmann. 2001.
Current Protocols in Food Analytical Chemistry.
Unit F4.3.1-F4.3.8.

Liu, H.Y. 1997. Preliminary report on effect of Si
fertilizer on tomato growth. Journal of Guizhou
Agricultural Collage. 16:76-7.

Marodin, J.C., J.T., Resende, R.G., Morales, M.L.,
Silva, A.G., Galvao, and D.S., Zanin. 2014. Yield of
tomato fruits in relation to silicon sources and rates.
Horticultura Brasileiria. 32, 220-224

Nikolic, M., N., Nikolic, Y., Liang, E.A. Kirkby,
and V., Romheld. 2007. Germanium-68 as an
adequate tracer for silicon transport in plants.
Characterization of silicon uptake in different crop
species. Plant Physiology. 143:495-503

Puppe, D. and Sommer, M. 2018. Chapter One -
Experiments, Uptake Mechanisms, and Functioning
of Silicon Foliar Fertilization-A Review Focusing on
Maize, Rice, and Wheat, Editor(s): Donald L.
Sparks, Advances in Agronomy, Academic Press,
152: 1-49.

Xue, G., G., Zhang, Y., Sun, S. Liao, and Y., Chen.
2012. Influences of spraying two different forms of
silicon on plant growth and quality of tomato in

solar greenhouse. Chinese Agricaltural Sciences
Bulletin. 28(16): 272-276.

01

égl.iw

Cao, B.L., K., Xu, J., Shi, G.F., Xin, C.Y., Liu, and
X., Li. 2013. Effects of silicon on growth,
photosynthesis and transpiration of tomato. Plant
Nutrition and Fertilizer Science. 19:354-60.

Carter, G.A., and A.K., Knapp. 2001. Leaf optical
properties in highest plants: linking spectral
characteristics to  stress and  chlorophyll
concentration. American Journal of Botany. 88(4):
677-684.

Elliott, C.L. and G.H., Snyder. 1991. Autoclave-
induced digestion for the colorimetric determination
of silicon in rice straw. Journal of Agriculture and
Food Chemistry. 39:1118-9.

Emadi, S.M., and K., Ghasemi. 2018. Silicon in
Agriculture. Sari University of Agricultural Sciences
and Natural Resources Publications.

Haghighi, M., and M. Pessarakli. 2013. Influence of
silicon and nano-silicon on salinity tolerance of
cherry tomatoes (Solanum lycopersicum L.) at early
growth stage. Scientia horticulture. 161C 111-117.

Lee S.K., E.Y., Sohn, M., Hamayun, J.Y., Yoon, and
I.J., Lee. 2010. Effect of silicon on growth and
salinity stress of soybean plant grown under
hydroponic system. Agroforestry Systems. 80:333-
40.

Liang, Y.C., X.H., Chen, T.S., Ma, Z.J., Qian, and
L.R., Liu. 1993. Effect of Si on the growth, yield
and quality of tomato. Jiangsu Journal of
Agricultural Sciences. 4:48-50.



	Mo
	Cu
	Zn
	Mn
	Fe
	B
	Mg
	S
	Ca
	K
	P
	N
	Elements
	mg/kg))
	0.05
	0.2
	0.3
	0.8
	2.8
	0.7
	50
	60
	150
	200
	50
	150
	درصد سیلیسیم
	درصد سیلیسیم
	درصد سیلیسیم
	غلظت سیلیسیم
	درجه آزادی Degree of Freedom
	منابع تغییرات
	سطح میانی برگ
	سطح زیری برگ
	سطح رویی برگ
	برگ
	Source of Variation
	Silicon percentage in the leaf abaxial
	Silicon percentagein the middle of leaf 
	Silicon percentage in the leaf adaxial
	Silicon leaf concentration
	سیلیسیم
	**1.3473
	**4.0615
	**3.0515
	**2.5512
	6
	Silicon
	خطا 
	0.0353
	0.0630
	0.0558
	0.05934
	14
	Error
	ضریب تغییرات
	15.48
	16.46
	12.49
	10.39
	-
	Coefficient of Variation
	وزن تک میوه
	تعداد میوه در بوته
	عملکرد میوه در بوته
	درجه آزادی Degree of Freedom
	منابع تغییرات
	Single fruit weight (g) 
	Fruit number per plant
	Yield per plant (g)
	Source of Variation
	سیلیسیم
	185.2762ns
	47.4048*
	632195.492**
	6
	Silicon
	خطا
	260.0846
	43.0595
	164804.000
	14
	Error
	ضریب تغییرات
	25.85
	21.95
	24.26
	-
	Coefficient of Variation

