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MgO%

K,0% TiO,% MnO% CaO% P,0:%

Si0, %  ALO; % Na,O %
Material %0 2 2 2
e 6.16 53.46 18.16 0.95
Amount

1.32 0.69 0.11 1.85 0.15

“& ol Ba(ppm) Co (ppm) Cr(ppm) Cu (ppm)

Material

Ni (ppm) Mo (ppm) Cl(ppm) Zn (ppm) SO; %

JTEN
Amount

14.15 1270 9 92

50 17 22 64 0.58
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e 187 2 40 N 95 10 4418 70 0.43 25.10
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Table 4- Soil properties and content of 3 different soils used in experiment

Soil texture Silt Sand Clay  Organic carbon K P N Organic matter
SBedl  (D)akw (F) o (%) v,y (%) S owss (%) pawlis  (4) yowd  (4) oyj9. (%) Joske
Clay loam 42 28 30 0.176 0.018 0.0093 0.069 0.303

loam 29 53 18 0.234 0.024 0.0068 0.060 0.403
Loam sand 7 83 10 0.307 0.022 0.0083 0.078 0.478
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Table 9- Direct and indirect effect of plant and Minituber properties change on Minituber wet weight in loam soil

. s 51 : Indl‘rect effect : S—
Correlation  DIFECL  Sp s pjy  Stdobgbesd JS ez Sy gpd slaosd Sis 0
effect Leaf dry ols ols
weight Plant Minituber volume Plant Minituber volume
S S 039 0.26%* 0.10 - 0.021 0.014
Leaf dry weight
S ok glmerd S oo
oL 0.96** 0.38 0.076 - 0.36
Plant Minituber volume
S ok o iS5
oS 0.97** 0.59 0079 0.56 -
Plant Minituber dry
weight
residue: 0.156
E3 Y*Yns

2031 95 Jleas! golaw )3 4 dxe g 5 dxe pé i jy !
** * ns: respectively significantly different in 1 % and 5% of probability, and not significantly different
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Table 10- Direct and indirect effect of plant and Minituber properties change on Minituber wet weight in loamsand soil
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indirect effect
. 8. 51 .. R S (439
T b5 Sike N P
Correlation Direct b clvoad Sy o LS i LSy g
effect S slaoas » oS S 5, oS
Mean Minituber Leaf erea Plant Minituber i
diameter volume Plant Minituber
dry weight
cslaoss ad (Sl
S 0.63** 0.08 - 0.03 0.045 0.047
Mean Minituber
diameter
S gl 0.37* 0.04 0.022 - 0.013 0.016
Leaf erea
e JS o>
ol Sy sloygs 0.97%* 0.46 0.25 0.12 - 0.44
Plant Minituber
volume
dlm.xé S 059
oS Sk 0.98** 0.48 0.27 0.16 0.46 -
Plant Minituber
dry weight

residue : 0.09
K* kg

2031 95 Jlaisl zolaw 3 5 dme g )b e e b gy
** * ns: respectively significantly different in 1 % and 5% of probability, and not significantly different

sl g odal Cowdds ply catwl (gaw)Sy w0 5l 45 pgd S dﬁfd‘"&;’
Jo byl 5 cude o5 5l Jols g mafitnn o g adiane

ot 3 4 395 e oaalie jla 5 S blite Ll Sibie 2 Goh slross 5o b YL (Suen b slacido anlis b



1400 (a5 2 oyl 19 sl eyl 1y Sleciunsyy 4y pas 118

Mo jled dw (pen )0 5 (60 leess S S 59 o YL
(PPM2000) cuiginy slaslass 3 (e sboosé jlad oy 5V 3
Sbyles 35 1) S gaw (it 5 39 (PPML000) S Luwosils
sl Jgas) wzsb (ppm2000) Klowssl 5 (ppm1000) bl
(2 610,87

9 5 (pPM2000) Selessil 5 (ppm2000) sy (sl o
b slore 559 0,8dee (69 p YU puditus SlL Lol i
9 e ol g puliine SISIAS pl 4 dn g b Lol cing Spide
» Syl i b glaess (i (1 She Cho (Siuses
brose jlab 5, Ske 5> (PPM2000) gy 5 ol 3)Skes s
SLe 0 cd )T Ao lad oo b awlio Wi ob (554
ol 0391 e oy e (PPM2000) cosgin Jlows ey

sloss JS s 15 5 0lS )0 sl )d slaosd IS o>
1y 3 Sles ey (PPM2000) cosgin slass ol ) sdss )
(PPM2000) (o drslSidons Hlows Sy St 59 o > s
gl (1 U39 57 ladgie) 292 008 155 ) 03 oVl
4 Cod S S (g ol o g paditis SIS 0092 J2b &
ErS A Ol )k sosd Fijs 89y ¢ SD Cdo 9
s ylew op e (PPM2000) cosgis pod SLs p3 a5 5,8
A8l ok gloosd iy il
o 3] ol 3,Sha b VL Staen b o sl
L S Jlie olpl Joio b Cule 4559 9 jily qtl (e )S)
o7 o2Vl o ob i ey SB > gladg 3T g e
(PPm1000) cosgiy slajloss o olS (s (5)h slaoas IS

g sl 025 Jool>(ppm2000) Sekuwsils 5 (Ppm2000) g

References

1.

Aghdak, P., Mobli, M., Khoshgoftarmanesh, A. H., and Shakeri, F. 2010. Effects of adding Bentonite to different
substrates on vegetative growth and yield of snap beans (Phaseulus vulgaris L.). Journal of Science and
Technology of Greenhouse Culture 1: 31-41.

Ahmadi, S., Andersen, M. N., Larke, P. E., Plauborg, F., Sepaskhah, A., Jensen, C. R., and Hansen, S. 2011a.
Interaction of different irrigation strategies and soil textures on the nitrogen uptake of field grown
Ahmadi, S. H., Andersen, M. N., and Plauborg, F. 2008. Potato root growth and distribution under three soil types

Ahmadi, S. H., Plauborg, F., Andersen, M. N., Sepaskhah, A. R., Jensen, C. R., and Hansen, S. 2011b. Effects of
irrigation strategies and soils on field grown potatoes: Root distribution. Agricultural Water Management 98:

Asgarzadeh, H., Mosaddeghi, M. R., Mahboubi, A. A., Nosrati, A., and Dexter, A. R. 2010.Soil water availability
for plants as quantified by conventional available water, least limiting water range and integral water capacity.

Crusciol, C. A. C., Pulz, A. L., Lemos, L. B., Soratto, R. P., and Lima, G. P. P. 2009. Effects of Silicon and
Dexter, A. 2004. Soil physical quality: Part I. Theory, effects of soil texture, density, and organic matter, and

Karunakaran, G., Suriyaprabha, R., Manivasakan, P., Yuvakkumar, R., Rajendran, V., Prabu, P., and Kannan, N.
2013. Effect of Nanosilica and silicon sources on plant growth promoting rhizobacteria, soil nutrients and maize

Kawakami, J., lwama, K., and Jitsuyama, Y. 2006. Soil water stress and the growth and yield of potato plants
Kowalski, B., Terry, F., Herrera, L., and Pefalver, D. 2006. Application of Soluble Chitosan in vitro and in the
Lemoine, R., La Camera, S., Atanassova, R., Dédaldéchamp, F., Allario, T., Pourtau, N., Bonnemain, J.-L., Laloi,
M., Coutos-Thévenot, P., and Maurousset, L. 2013. Source-to-sink transport of sugar and regulation by
Mura, S., Seddaiu, G., Bacchini, F., Roggero, P. P., and Greppi, G. F. 2013. Advances of Nanotechnology in agro-
Pilon, C., Soratto, R. P., and Moreno, L. A. 2013. Effects of Soil and Foliar Application of Soluble Silicon on

Samuels, A., Glass, A., Ehret, D., and Menzies, J. 1993. The effects of silicon supplementation on cucumber fruit:

2.
potatoes. International Journal of Plant Production 5: 263-274.
j and full, deficit and partial root zone drying irrigations. Plant and Soil 206: 123-136.
1280-1290.
5.
Plant and Soil 335: 229-244.
® Drought Stress on Tuber Yield and Leaf Biochemical Characteristics in Potato. Crop Science 49.
;. effects on root growth. Geoderma 120: 201-214.
seed germination. IET Nanobiotechnology 7: 70-77.
> grown from microtubers and conventional seed tubers. Field Crops Research 95: 89-96.
10 Greenhouse to Increase Yield and Seed Quality of Potato Minitubers. Potato Research 49: 167-176.
E Lebot, V. 2009."Tropical Root and Tuber Crops: Cassava, Sweet Potato, Yams and Aroids," CABI, No.17.
environmental factors.Frontiers in Plant Science 4: 2.
e environmental studies.Italian Journal of Agronomy 8: 18.
14. Mineral Nutrition, Gas Exchange, and Growth of Potato Plants. Crop Science 53: 1605-1614.
12 changes in surface characteristics. Annals of Botany 72: 433-440.

Satje, A., and Nelson, P. 2009. Bentonite treatments can improve the nutrient and water holding capacity of
sugarcane soils in the wet tropics. Proc. Australian Soc. Sugar Cane Technol 31: 166-176.



119 | cnjomms rk sWoud adgi 5 0dy 55 sommbons @lio 51 o) (ySan 3 Sllabs

17

18.

19.

20.

21.

22.

23.

24.

25.

. Sieczka, J. B., Thornton, R. E., and Chase, R. 1992. Commercial potato production in North America. Potato
Association of America handbook (USA).

Singh, P. R., Valkonen, T. J. P., Gray, M. S., Boonham, N., Jones, C. R. A., Kerlan, C., and Schubert, J. 2008.
Discussion paper: The naming of Potato virus Y strains infecting potato. Archives of Virology 153: 1-13.

Smit, A. L., and Groenwold, J. 2005. Root characteristics of selected field crops: Data from the Wageningen
Rhizolab (1990-2002). Plant and Soil 272: 365-384.

Soltani, M. 2018. Potato mini tuber production improvement by enhancing the different greenhouse sowing bed
conditions and soil with Nano-clay, clay and silicon, PhD thesis, Ferdowsi University of Mashhad, Agriculture
department.

Tierno, R., Carrasco, A., Ritter, E., and de Galarreta, J. I. R. 2014. Differential Growth Response and Minituber
Production of Three Potato Cultivars under Aeroponics and Greenhouse Bed Culture. American Journal of Potato
Research 91: 346-353.

Vreugdenhil, D., Bradshaw, J., Gebhardt, C., Govers, F., Taylor, M. A., MacKerron, D. K., and Ross, H. A. 2011.
"Potato Biology and Biotechnology: Advances and Perspectives: Advances and Perspectives,” Elsevier, ISBN:
0080525059.

Wang, F.-X., Kang, Y., and Liu, S.-P. 2006. Effects of drip irrigation frequency on soil wetting pattern and potato
growth in North China Plain. Agricultural Water Management 79: 248-264.

White, A. C., Rogers, A., Rees, M., and Oshorne, C. P. 2015. How can we make plants grow faster? A source-sink
perspective on growth rate. Journal of Experimental Botany.

Wilson, M. J. 2007. Handbook of Clay Science, F. Bergaya, B. K.G. Theng, G. Lagaly (Eds.). Elsevier,
Amsterdam. 2006, ISBN: 978-0-08-044183-2 (book review). Geoderma 139: 420-421.



Iranian Journal of Field Crops Research Olnl =) Gleipg sy 4 pis
Vol. 19, No. 2, Summer. 2021, p. 107-120 g)&;};i}, 107-120 . o 1400 ;yliwsli 2 o ylois 19 wl

Effects of Silicon Application at Nano and Micro Scales on the Growth and
Production of Potato Minitubers (Solanum tuberosum Var. Agria) under
Three Soil Texture
M. Soltani*, M. Kafi*, A. Nezami'", H. R. Taghiyari’

Received: 16-09-2017
Accepted: 25-04-2018

Introduction: Many experiments have shown that Silicon (Si) can reduce the effect of both biotic and abiotic
stresses in plants caused by plant diseases, pest damage, salinity, drought, heavy metal toxicity, nutrient
imbalance, water logging, high radiation, high temperature, wounding, and freezing. It has been indicated that
silicon has a beneficial role in plant nutrition such as enhancement in absorbing nitrogen, phosphor, potassium
and zinc. Beneficial results of silicon application on plant growth and physiology made farmers and researches to
use silicon as a fertilizer. Silicon fertilizers are applied as slag, compost, rice straw, calcium and sodium silicates
in both foliar and soil applications. Potato is not considered as a Si-accumulating but studies have implied that Si
supply may alleviate damaging effects that result from drought and also reduce stem lodging and increase tuber
yield increased leaf area, specific leaf area, and pigment concentration (chlorophyll a and carotenoids) as well as
photosynthesis and transpiration rates of well watered potato plants.

Materials and Methods: This experiment was conducted as factorial based on completely randomized
design with three replications, in department of agronomy, Ferdowsi university of Mashhad, Iran, in 2015. In this
research, the effects of four different silicon compounds (Nano-silica, sodium silicate, hydrophilic Bentonite
(Nano-clay), and Bentonite), in two concentrations (1000 ppm and 2000 ppm) on the growth characteristics of
potato Minitubers (Solanum tuberosum Var. Agria) plants and production under three different soil texture (clay
loam, loam and sandy loam), were investigated. In order to determine the best treatment in each soil, variance
analysis was done along with cluster analysis, stepwise multi regression analysis and path analysis, and the
results of all analysis were compared.

Results and Discussion: Due to the lack of development of plants in clay loam soil, the comparison between
treatments was done only in loam soils and sandy loam soils. The results showed that despite the lack of leaf and
stem development in silicon treated plants, the Minituber characteristics improved compared to the control,
which resulted in an increase in the ratio of Minituber dry weight to shoot dry weight.

based on plant performance, Cluster analysis for loam soil categorized silicate treatments in 3 groups: first
(control, Bentonite (2000 ppm), Nano-silica (2000 ppm)), second (Nano-clay (1000 ppm), Bentonite (1000
ppm), Nano-silica (1000 ppm)) and third (Nano-clay (1000 ppm), Sodium Silicate (1000 ppm), Sodium Silicate
(2000 ppm)). In loam sand soil this grouping was in four groups: first (control, Bentonite (1000 ppm), Nano-clay
(1000 ppm)), second (Nano-clay (2000 ppm), Nano-silica (2000 ppm), Nano-silica (1000 ppm)), third (Bentonite
(2000 ppm), Sodium Silicate (2000 ppm)) and forth (Sodium Silicate (1000 ppm)).

Path analysis showed in loam soil three traits (leaf dry weight, total plant Minituber volume, total plant
Minituber dry weight) have the most direct and indirect effect on Minituber fresh weight (as potato yield .In
loam sand soil four traits (mean Minituber diameter, leaf area, total plant Minituber volume, total plant
Minituber dry weight) were indicated to have the most direct and indirect effect on Minituber fresh weight (as
potato yield).

Conclusions: Investigating the effect of applying silicate treatments in different concentrations on Minituber
wet weight (as Minituber yield) by cluster analysis and path analysis showed that in both soils, Bentonite (2000
ppm) had the most effect on traits responsible for Minituber wet weight changes.
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