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Table 1. Effect of silicon application methods on vegetative growth characters and
greenness index of strawberry under salinity conditions.

prebas el sl 0 S ksl
Si (mM) Control Soil application Foliar application
Eos
Salinity (mM) 0 1 2 4 8 Mean
o
Leaf area (cm?)
0 84.54d 86.52 a 932a 75.52b 87.27a 85.42 A
40 472e 62.15 cd 745b 59.4d 68.52 bc 62.36 B
Mean 65.85 C 74.34B 83.90 A 67.46 C 77.90B
S o5y o
Special leaf area (cm?g)
0 157.1a 151.9ab 151.6 &b 1459 ac 145.6 ac 150.4 A
40 1459 ac 138.4 cd 146.0 ac 132.4d 140.1 bd 140.5B
Mean 151.5A 145.1 AB 1488 A 139.1B 142.8 AB
S JURT)
Shoot fresh weight (g)
0 31.73c 35.40b 39.10a 29.40d 33.10c 33.75A
40 26.8f 26.85f 29.05de 26.00 f 27.55 ef 27.25B
Mean 29.26 C 31.7b 34.07 A 27.70d 30.32BC
o lud bl S (59
Shoot dry weight (g)
0 75¢c¢ 77¢c 9.6a 6.7d 8.6b 8.0A
40 55e 58e 59e 56e 6.0 de 57B
Mean 6.5BC 6.7B 77A 6.1C 7.3A
iy A 039
Root fresh weight (g)
0 22.2e 24.4d 31.8a 224e 29.8b 26.12 A
40 20.2f 19.3f 285b 17.3¢g 26.5¢ 22.3B
Mean 21.2C 21.8C 30.1A 19.8d 28.1B
Ay SES (39
Root dry weight ()
0 4.3 cd 6.3a 4.7 bc 53b 3.7de 48A
40 4.1cd 40cd 45c 3le 42cd 39B
Mean 4.2BC 51A 46B 4.2B 39C
oS jaun p2ALE
Greenness index
0 25.0ab 33.0a 29.5ab 32.0ab 27.0 ab 293 A
40 16.0c 295ab 2408ac 23.0bc 255ab 236 B
Mean 205B 31.2A 26.7B 27.5B 26.2 B
G o Slac
Yield (g per plant)
0 99.20 b-d 108.70 b 131.80 a 106.70 bc 129.80 a 115.24 A
40 76.18 f 86.08 e 98.17 cd 82.08 ef 96.17d 87.73B
Mean 87.69 C 97.39B 11498 A 94.39 BC 112.98 A

T Means with the same | etters are not significant at the 5% level of probability using Duncan
multiple range test.
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Table 2. Effects of salinity and silicon on mineral nutrient concentration in strawberry.

[ Downloaded from journal-irshs.ir on 2025-12-06 ]

s sals CLTSRETEIN So ehdsle
S (mM) Control Soil application Foliar application
e 1 2 4 8 Mean
Salinity (mM)
Sy oK
Clin leaf (%)
0 211c 2c 1.8c 199c 17c 192B
40 36a 29b 27b 28b 26b 292 A
Mean 2.85A 2.45AB 2.25AB 2.39A B 2.15B
wi, LK
Cl inroot (%)
0 434c 364e 3.2f 2649 2.2h 3.2B
40 6.6 a 511b 5.09b 411d 4.09d 5A
Mean 547 A 437C 4.14C 3.37D 3.14E
S 05508
N in leaf (%)
0 222a 226a 234a 2.23a 226a 226 A
40 214a 225a 228a 22la 224a 222 A
Mean 218 A 225A 2.31A 2.22 A 2.25A
Nain leaf (mg g DW)
0 3.03d 2.85d 26d 2.75d 25d 2.74B
40 l41a 13.08b 11.96¢ 1348 ab 12.05c 1293 A
Mean 8.56 A 7.96 A 7.28B 8.11A 7.27B
L) pade
Nain root (mg g* DW)
0 27c 253c 252c 2.30c 230c 247 A
40 44 a 3.65b 36b 34b 3.36b 3.66 B
Mean 355A 3.09B 3.06 B 285C 2.83C
S palsy
K inleaf (mg g' DW)
0 37.35ae 42.61a 4111 ab 40.61 ac 39.11 ad 40.15A
40 30.63 e 34.09 ec 36.6be 32.09e 33.6de 33.2B
Mean 33.99B 38.35A 38.35 A 36.35 A 36.35 A
Ly ey
K inroot (mg g* DW)
0 3.27d 375a 38a 3.5bc 3.6ab 358A
40 2.74f 3.12de 33cd 2.92 ef 3.1de 3.03B
Mean 301D 3.43AB 355A 321C 3.35BC
S el
Siinleaf (mg g DW)
0 5.17h 9.8f 16.97 a 13.42 cd 15.82b 12.23 A
40 4.62 h 6.69g 13.82¢c 1157 e 12.75d 9.87B
Mean 489E 8.2d 15.39A 12.49C 14.28B

[ DOR: 20.1001.1.16807154.1396.18.2.7.2 ]

T Means with the same letters are not significant at the 5% level of probability using
Duncan multiple range test.
Sl (glials wia g se3T Gulead s 70 Jlaial mass 5o gl ine ol AN S jidie lacipa b (slag,Siluet

£,

ARAY


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.2.7.2
http://journal-irshs.ir/article-1-257-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-06 ]

[ DOR: 20.1001.1.16807154.1396.18.2.7.2 ]

Ol e g 085 s

ol sre (Al e luald 5 i) 5o lajlas oldd Ho anliy cbile ol Glas (Sl wunlis gladam
Heislee 59 s oo cprnnbins (05,8 slaghes LIS G 5ol pally Dl Gyt (Y Joua) il
soled i 5o avully clile (&l wals GLaS Gl 7AA s an sl 4 e €€ wol oy gl 95,8
sladasts bl (il el Hlae (il b dajlad cold o (go0d SY ge Glie ¥o clile o ady
Lol 3 50 (V) il g CBAIS paien €5 pacally s 5 onenliy SlE (5555 G138 b 4S ol sols QLSS Gy
S U o culs) ol o Cda (gl aaliy (5 b 5 osdiee ol aally G slad mdw G sosd OIS
G olS Jaad o age Dl S a4 prlly cd bl (F) asdiee prlly Cia GRAK sl ol
(FA) 283 GEAIS oLS 5o 1 e s (5L 31 15 oo prtes 4 penlly Sl (I8 ubaad ol 2 5 ol (5558
Gosd bl 5o 1) Sl Hlile muaes & aally ol i385 S da GRAS b aeali (g as
s g0 8LS o Slae o gags Eels 4S (V) aas oo Liul 3
St poiealicy

S Soset wm Jhpne (S ool Dhlie gl (hiSea 5 pines 5 prnli 5 (5558 Jale g0 S
Gosd (inan b Glas 1) (olaane s Gluldl dale (pl b (golas slaph Giol 8l b ascali Hlads
JEB) € 0k paddie Gy sl pwns oo (Y Juss) wd b @ o dele ool Hlofae (2alS Sl
slaahl 5 S 5 5 Laals 5o gl mos by wuSe alad) psn BT Guos O GlALS 5o prnla
03 LS o el GlacBIe G it a8y 5o (FY) wdipe aaad aalil 5o 325 Hlale alis s (ol 50
(Y0) wiola 1y Ba0 5 5aal (i 4S5 3 gl oo sualdie osla Jas

S Al

S ose o Slae (olsa slaalul 05y halS siels (g 5d 45 olo LaS (ua s (ol O Jala sladashs
Slas lada® Guiaas ol sad (S cabdslas 5 @l a5 (i o9 58 50 (Shduw pedls
Gosd bulyd 50 (S50 ol sbadonn) 5 (35058 S35 5 prmnlion 35,8 dies g sla )
Al gl osss saie avnbi ap S aib oo gltdn, a8 5 (Son cabidslas (i 99 S8 o
pieud dalge o0l (B8 L aS bl i 5o asle ol wd 5 saien guu sla S (g sl pad o geuns (LALS
Gl e sk L) sosd OIS (e O3 asnbi gldn ) soldiil 5 Ll Jslae S soliiul b )5 e
als Luals
References &l
LS Hu (susd a3 o3l GRS 5o Gualiw 536 AYAY LB L ead o ol a op sl

NVAFO-VY (el oS slaia g3 Trigonella foenum- graecum <Ll
iy 5 sl 5 awoslS STAYAV gl 5 5 cmallssmn ¢ op eSsSLe oz e oaliblile o ed c3ligs Y

YBY=£F Olaly g5o5laS (il das sl Haiia (So5s) 508 sl Sy (A
c0m YYY aiadialy ol ,Lam) . (5580 55 o5b,0 age G0 win ATV a ( SBLe Y
Sy S GBS 5 aaealin GiAe £l BB 31 ATAP olypuans J o 5 gl s n wp o et ¥

pole 835 cooslS plie 5 psle dae . (plie Jolae SHU 4Y Al Hu cdS Lol yd S gy 5alS

XY VA-AA L SLel

Y-¥


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.2.7.2
http://journal-irshs.ir/article-1-257-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-06 ]

[ DOR: 20.1001.1.16807154.1396.18.2.7.2 ]

o prinaslics (S Bl slae g sl 98 S

29 Sisbos oS Sl 5 b s paalis 31 AYAY a3 15 Blblb ¢ o o (abl las £
IV A=A (Sl asle dlae )5 (55 Ll 5

e alic Gble 5 o s oad sl 585 AYA 28 5 Slblb ¢ e o] (abl Jlasw ¥
AV V=N Gl g5,slas il dae g, 5 GBS bl b 5 (S8 elS

855y sale aliduad dndg 5 Guopesl 58 JaS gL Hlale y ol G 1 dalllas AYAA LGu ( SLEIS A
VVAA-AR a sacaensy 5 8L

(0o YO .05 saaal ol Laml (K80 535 (i MYV L ieSa o s g (o BIS A

G08LES (515 0 S g w8y panddd pala (B, ATVAY Gl S0 5 5oslaS o e a o FSle N -
(0 VOO 055 e w53 sty ol Lam) aiia Lly lasly

AW oaslad 08 wuis S goed s gledie el 3l 5 golomese (SO Sa ATVE Lo Sas Y
AY B gladaion e oo sliS (i) sel s ol Laml

0o OV Lagdin s 558 sl ILa L5555l 5o Oy suae ATAY o s catila Y

(Eos OIS agl i s (Medsle 0 sS 5 g a1 S35 00 slagaald Sl guland LOL1ATYAS e SOk Y
N DPFY 58 eVl I T sl ils (55,55LS o sle alas

14. Adatia, M. and R. Besford. 1986. The effects of silicon on cucumber plants grown in
recirculating nutrient solution. Ann. Bot. 58:343-351.

15. Asch, F., M. Dingkuhn and K. Dorffling. 2000. Salinity increases CO, assimilation but
reduces growth in field-grown, irrigated rice. Plant Soil 218:1-10.

16. Bandeh hagh, A., H. Kazemey, M. Vaizadeh and A. Javanshir. 2004. Resistance of
Triticum aestivum (spring cultivars) to salinity stress in vegetative and generative stages.
[ranian J. Agr. Sci. 35:214-221.

17. Barroso, M. M. and C. Alvarez. 1997. Toxicity symptoms and tolerance of strawberry to
salinity in theirrigation water. Sci. Hort. 71:177-188.

18. Chapman, H.D. and P.F. Pratt. 1962. Methods of analysis for soils, plants and waters.
Soil Sci. 93:68.

19. Corrales, I. C. Poschenrieder and J. Barcel6. 1997. Influence of silicon pretreatment on
aluminium toxicity in maize roots. Plant Soil. 190:203-209.

20. Epstein, E. 1994. The anomaly of silicon in plant biology. Proc. Natl. Acad. Sci. 91:11-
17.

21. Epstein, E. J. D. Norlyn, D. W. Rush, R. W. Kingsbury, D. B. Kelley, G. A. Cunningham
and A. F. Wrona. 1980. Saline culture of crops. a genetic approach. Sci. 210:399-404.


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.2.7.2
http://journal-irshs.ir/article-1-257-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-06 ]

[ DOR: 20.1001.1.16807154.1396.18.2.7.2 ]

22.
23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ol e g 085 s

FAO - Food and Agriculture Organization of the United Nations, 2013.

FAO - Food and Agriculture Organization. 2006. Extent and Causes of Salt-affected
Soilsin Participating Countries. Availablein:
http://www.fao.org/ag/agl/agll/spush/topic2.htm (accessed in 08 July 2006) .

Han, H. and K. Lee. 2005. Plant growth promoting rhizobacteria effect on antioxidant
status, photosynthesis, minera uptake and growth of lettuce under soil salinity. Res J.
Agr. Biol. Sci.1:210-215.

Henriet, C. X. Draye, I. Oppitz, R. Swennen and B. Delvaux. 2006. Effects, distribution
and uptake of silicon in banana (Musa spp.) under controlled conditions. Plant Soil.
287:359-374.

Kamaenidou, S., T. Cavins and S. Marek. 2002. Silicon supplementation affects
greenhouse produced cut flower. MS Thesis, Oklahoma State University. Stillwater. 104
p.

Karlidag, H. E. Yildirim and M. Turan. 2009. Salicylic acid ameliorates the adverse
effect of salt stress on strawberry. Sci. Agr. 66:180-187.

Kaya, C. H. Kirnak, D. Higgs and K. Saltali. 2002. Supplementary calcium enhances
plant growth and fruit yield in strawberry cultivars grown at high (NaCl) salinity. Sci.
Hort. 93:65-74.

Keutgen, A. J.,, and E., Pawelzik. 2009. Impacts of NaCl stress on plant growth and
mineral nutrient assimilation in two cultivars of strawberry. Environ. Exp. Bot. 65:170-
176.

Liang, C.C. Park, A.Y. and J.L. Guan. 2007. In vitro scratch assay: a convenient and
inexpensive method for analysis of cell migration in vitro. Nat. Protoc. 2(2):329-333.
Liang, Y. 1997. Effect of silicon on leaf ultrastructure, chlorophyll content and
photosynthetic activity of barley under salt stress. Pedosphere, 8:289-296.

Loescher, W., Z. Chan, R. Grumet. 2011. Options for developing salt-tolerant crops.
HortScience, 46 (8):1085-1092.

Ma, J.F. 2004. Role of silicon in enhancing the resistance of plant to biotic and abiotic
stresses. Soil Sci. 50:11-18.

Ma, J.F. and E. Takahashi. 2002. Soil, Fertilizer, and Plant Silicon Research in Japan.
Elsevier, the Netherlands. 281p .


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.2.7.2
http://journal-irshs.ir/article-1-257-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-06 ]

[ DOR: 20.1001.1.16807154.1396.18.2.7.2 ]

35.

36.

37.

38.

39.

40.

4]1.

42.

43.

45.

46.
47.
48.

o prinaslics (S Bl slae g sl 98 S

Marschner, H and P. Marschner. 2012. Marschner's Mineral Nutrition of Higher Plants.
Academic Press. 650p.

Motomura, H., N. Mitaand M. Suzuki. 2002. Silica accumulation in long-lived leaves of
Sasa veitchii (Carriere) Rehder (Poaceae-Bambusoideae). Ann. Bot. 90:149-152.

Munns, R. and A., Termaat. 1986. Whole-plant responses to salinity. Fun. Plant Biol.
13:143-160.

Ondrasek, G., D. Romic, M. Romic, B. Duralijaand I. Mustac. 2007. Strawberry growth
and fruit yield in asaline environment. Agr. Cons. Sci. 71:155-158.

Orsini, F., M. Alnayef, S. Bona, A. Maggio and G. Gianquinto. 2012. Low stomata
density and reduced transpiration facilitate strawberry adaptation to salinity. Environ.
Exp. Bot. 81:1-10.

Parida, A.K., and A.B. Das. 2005. Salt tolerance and sdlinity effects on plants. a review.
Ecotoxic Environ. Saf. 60:324-349.

Parry, DW. and A. Window. 1977. Electron-probe microanalysis of silicon
accumulation in the leaves and tendrils of Pisum sativum L. following root severance.
Ann. Bot. 275-278.

Saied, A.S., A.J. Keutgen and G. Noga. 2005. The influence of NaCl salinity on growth,
yield and fruit quality of strawberry cvs.‘Elsanta’and ‘Korona’. Sci. Hort. 103:289-303.
Savant, N. K. G. H. Korndorfer, L. E. Datnoff and G. H. Snyder. 1999. Silicon nutrition
and sugarcane production: A review 1. J. Plant Nutr. 22: 1853-1903.

.Silva, JA. and R.S. Uchida. 2000. Plant Nutrient Management in Hawaii's Soils.

Approaches for Tropical and Subtropical Agriculture. University of Hawaii. Preface and
Introduction. 1-7.

Sonneveld, C. and W. Voogt. 1990. Response of tomatoes (Lycopersicon esculentum
Mill.) to an unequal distribution of nutrients in the root environment. Plant Soil. 124:251-
256.

Sposito, G. 2008. The Chemistry of Soils. Oxford university press. New York. 277 p.
Szabolcs, I. 1989. Sat-Affected Soils. CRC Press Inc., Boca Raton. 274 p.

Tabatabaei, S. 2006. Effects of salinity and N on the growth, photosynthesis and N status
of olive (Olea europaea L.) trees. Sci. Hort. 108: 432-438.

AR


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.2.7.2
http://journal-irshs.ir/article-1-257-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-06 ]

[ DOR: 20.1001.1.16807154.1396.18.2.7.2 ]

Ol e g 085 s

49. Tahir, M.A., A. Rahmatullah, M. Ashraf, S. Kanwa and T. Magsood. 2006. Beneficial
effects of silicon in wheat (Triticum aestivum L.) under salinity stress. Pakistan J. Bot.
38: 1715-1722.

50. Turhan, E. and A. Eris. 2005. Effects of sodium chloride applications and different
growth media on ionic composition in strawberry plant. J. Plant Nutr. 27: 1653-1665.

Y-A


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.2.7.2
http://journal-irshs.ir/article-1-257-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-06 ]

[ DOR: 20.1001.1.16807154.1396.18.2.7.2 ]

Iranian Journal of Horticultural Science and Technology 18 (2): 195-208 (2017)

Effect of Root and Foliar Applications of Silicon on Growth of Strawberry
and Mineral Nutrient Uptake under Salinity Stressin Soilless Culture

Z.S. Khosrofard®, S. Eshghi, S. Rastgoo, M. Hedayat *

This research was conducted to study the effect of root and foliar applications of silicon on
growth and yield of strawberry under salt stress conditions in soilless culture. Experiment was
conducted based on factorial experiment considering the silicon concentration and its
application method as the first factor and salinity as the second one with in completely
randomized design in 3 replications. Seedlings of Pgjero cultivar of strawberry were prepared
at 4-5 leaf stage. After transplanting into 3 L plastic pots containing cocopeat and perlite (1:1
v/v). Salinity levels were; 0 mM (as control) and 40mM. NaCl aong with applying salinity
treatments, silicon treatments were applied using silicic acid as 1 and 2mM as root application
every other day and at 4 and 8mM as foliar spraying once per two weeks. Morphological and
vegetative traits consisted of shoot and root dry weight, leaf area, greenness index, specific
leaf area, leaf nitrogen content and yield, sodium, potassium, chlorine, silicon and nitrogen
concentration in strawberry plant were measured and analyzed. The results showed that NaCl
of 40 mM in all levels of silicon concentrations reduced all traits, except the sodium content
of shoot and root. At both salinity levels, silicon showed a positive effect on growth
parameters of strawberry and reduced adverse effects of salinity. It also seems that root
application of silicon has a greater impact on controlling the negative effects of salinity
compared to itsfoliar application method.

Keywords: Strawberry, Silicon, Salinity, Yield, Root application.
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