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ABSTRACT

Two pot experiments were conducted during the two
successive seasons of 2015 and 2016 at the Experimental
Farm; Faculty of Agriculture; Damanhour University. The
aim of this study was to monitor the alleviating effects of
silicon (Si) as a soil application in concentrations of (0,
200and 400 mg kg™ soil) and salicylic acid (SA) as a foliar
application in concentrations of 0, 50 and 100 ppm in
addition to their combinations on yield and fruit quality of
tomato plants (cv. El-Basha 1077) irrigated with saline
water at different salinity levels (0, 4, 8and 12 dsm™ using
NaCl). The results of the two seasons revealed that the
salinity treatments resulted in decreasing in the mean
values of all yield traits. However, the mean values of all
fruit quality parameters, in both seasons. Application of
either Si or SA gave higher mean values for yield and its
components as well as the quality traits, in both seasons.
Moreover, the results revealed that the combined
treatment of Si at the rate of 400 mg kg™ soil with SA (50
ppm) gave the best ameliorative effect for all the studied
characters of tomato plants grown under the highest
salinity level of 12 dsm™, in both seasons. The average
increment percentages of such treatment over the control
under the highest salinity level of both seasons were
121.98, 32.69, 42.71, 192.71, 22.35, 24.83, 39.17 and 66.50%
for number of fruits plant™, fresh fruit weight, dry fruit
weight, fruits yield plant'l, fruits TSS, Acidity, vitamin C
and lycopene contents, respectively.
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INTRODUCTION

Egypt is a country with about 5000 years of
experience in irrigation. Nevertheless, the country‘s
economy suffers from severe salinity problems due to
irrigation with low quality water and poor drainage
systems.About 33% of the cultivated land are already
salinized (Mohamed et al., 2007).Over coming salt
stress becomes the main issue in these regions to secure
adequate crop productivity.Among the various
compounds which employed for regulating plant growth
and productivity, silicon (Si) and salicylic acid (SA) are,
aso, involved in establishing plants defense
mechanisms to confronting various abiotic and biotic
stresses (Ma, 2004 and Liang et al., 2005).

The ability of (Si) to mitigate stresses that associated
with salinity in plants is well documented(Ma, 2003 ;
Malhotra et al., 2016); it could be physiologically by
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controlling many enzymes activities, inhibiting H,O,
activity and enhancing photosynthetic rate (Al-
Aghabary et al., 2005)or controlling each of K* and Na"
uptake and balance (Yeo et a., 1999 and Liang et d.,
2005) as well as increasing the plant cell walls
components i.e., lignin, cellulose and pectin (Emamet
al., 2014). Hence, Si has vital importance for better
plant growth under salinity (Tahir et a., 2006).

Salicylic acid (SA) is considered as multiple abiotic
stress  tolerance agent (Senaratha et a., 2000).
Exogenous application of (SA)to plants can affect their
salt tolerance through participating in the regulation of
many plant physiological processes such as ion
uptake,cell membranes permeability and photosynthetic
rate and content(Barkosky and Einhellig, 1993; Khan et
a., 2003;Gunes et al., 2005; Stevens et a., 2006 and
Mimouni et al., 2016) as well as increasing the total
antioxidant enzymes activity (Eradan e d.,
2007).Concerning tomato crop, the SA application
resulted in enhancement of quantity and quality
characters of tomato yield (Javaheri et a., 2012).
However, Mady (2009) reported that the foliar
application of SA a 50 ppm with vitamin E has
significant and favorable effect on early, total yield and
fruits quality parameters of tomato compared with using
100 ppm of SA.Such favorable effects on plants growth
and yield could be due to the role of SA in influencing
the balances of plant hormones such as auxin, cytokinin
and ABA under both normal and saline conditions
(Shakirova, 2007)

The am of this study was to monitoring the
aleviating effects of silicon (Si) sdlicylic acid (SA) in
addition to their combination on tomato plants cv. El-
Basha 1077 irrigated with different water salinity levels.

MATERIALSAND METHODS

Two pot experiments were carried out at the
Experimental Farm, Faculty of Agriculture, Damanhour
University. Tomato cv. El-basha 1077 was transplanted
on 7" of June and 26" of May in 2015 and 2016
seasons, respectively. The experimental layout was
RCBD in a gplit-plot arrangementwith three
replications. Randomly, salinity treatments (control, 4, 8
and 12 ds/m; using NaCl) were randomly distributed in
the main plots; whereas, the foliar application of
salicylic acid at three levels; 0, 50, 100 ppm namely;
control, SA; and SA,, they applied three times with 10-
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days interval one week after transplanting, soil
application of silicon at three levels applied before
transplanting; 0, 200, 400 mg/kg soil; as K,SiO3
namely; control, Si; and Si, and the combined
treatments were distributed in the sub-plots. Four weeks
old tomato seedlings were transplanted in plastic pots of
35 cm inner diameter filled with 15 kg of sandy loam
soil. Fertilization and other agricultural practices were
applied as commonly recommended in commercial
tomato production.

The measured yield characters were fruits number
plant™, average fruit fresh and dry weights (gm) and
fruits yield plant™. While the tomato fruits quality traits
were TSS (°Brix) using hand refractometer, fruits
titratable acidity (%), vitamin C (mg/100 g f.w.) and
fruit lycopene (mg/100 g f.w.) that were estimated as
described by Ranganna (1986). Statistical analysis of
the obtained data and comparing means were done
using CoStat program (Version 6.4, CoHort, USA,
1998-2008).

RERSULTSAND DISCUSSION

Irrigation with saline water resulted in significant
negative effects on the traits of Table 1, in both seasons.
The mean values of the studied traits were decreased
generaly in a stepwise fashion with increasing salinity
level. As an average of the two experimental seasons,
the highest salinity level (12dsm™) gave the most
reduction  percentage  offruits No.  plant’by
47.16%,average fruit fresh weight by 34.80%, average
fruit dry weight by 51.18% and fruits yield plant™ by
65.08%, compared with control treatment.These
findings, generaly, are coincided with those reported by
Del Amor et al.(2001); Magan et al.(2008); Ali and
Ismail(2014) and Rodriguez-Ortega et al. (2017) who
stated that negative reduction in tomato yield and its
components due to salinity stress. The general reduction
in tomato yield and its components could be derived
from the negative relationship between salinity and each
of growth and photosynthetic rate (Mozafariyan et al.,
2013). Suchdecline in tomato vyield probably
wasconsequential result of the reduction of average fruit
weight and fruits No. plant™ (Cuartero and Fernandez-
Munoz, 1999).

In the contrary, water salinity treatments reflected
significant effects on tomato fruits quality traits.
Comparisons among the means in Table 2 showed that
increasing salinity was associated with increasing TSS,
acidity, V.C. and lycopene contents of tomato fruits in
both seasons. Application of the highest saline water
level (12 dsm™) caused in 38.46%, 35.01%, 32.51% and
78.50%, increments relative to the control, in TSS,
acidity, V.C. and lycopene content of tomato fruits,
respectively, as an average of both seasons. These
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increments in quality characters of tomato fruits that
irrigated with saline waster could be interpreted as plant
defense  mechanisms for confronting the resulted
oxidative stress and counterbalancing the cells osmotic
pressure (Turkan and Demiral, 2009). These findings
could explain the positive relationship between salinity
levels and tomato quality parameters which was found
by Del Amor et al. (2001); Magan et a. (2008) and Ali
and Ismail (2014).

The results in Tables 1 and 2, aso, clarified
favorable effect of the amendment treatments of Si
andSA on tomato yield and fruit quality traits regardless
the used salinity level. The results revealed that the
treatment of Si,+SA; showed significant superiority
effect on yield and quality of tomato fruit comparing
with the other amendment treatments including the
control, in both seasons.As an average of both seasons
in Table 1, the Si,+SA; treatment gave increment
percentages over the control estimated by 84.69, 33.98,
45.66 and 145.44% for number of fruits plant™, average
fruit fresh weight, average fruit dry weight and fruits
yield plant™, respectively.Also, Irrespective of the
salinity level, the average of two seasons increment
percentages of Si,+SA; treatment over the control were
23.70, 28.80, 36.07 and 56.08% for TSS, acidity, V.C.
and lycopene content, respectively (Table 2).

Concerning the interaction effect between salinity
levels and amendment treatments (Tables 1 and 2), the
results showed significant interaction between the two
factors of study for all the studied characters, in both
seasons. Moreover, the interaction means comparisons
showed that Si,+SA; treatment gave the highest
significant mean values comparing with the other
interaction combinations, in both seasons.

When tomato plants irrigated with the highest
salinity level (12 dsm),the average fruits yield plant™
(192.71%) and number of  fruits plant™ (121.98%)
were more pronounced in Si,+SA; treatment over the
control. However, the increment average fruit fresh
weight and average fruit dry weight were lesser as
32.69% and 42.70%, respectively. Whereas, under the
same interaction combination (Si,+SA; with 12 dsm™
salinity level, the average increment percentages were
estimated by 22.35, 24.83, 39.17 and 66.50% for TSS,
acidity, V.C. and lycopene content, respectively.

The superiority of this combined treatment might be
derived from the existence of some kind of synergistic
relation between Si, and SA; that resulted in increasing
the components of tomato yield and fruit quality.
Stamatakis et a. (2003); Yildirim and Dursun
(2008),Toresano-Sanchez et d. (2012), Jarosz
(2014)Baninaiem et al. (2016);Korkmaz et al. (2017)
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Table 1.Effect of salinity withSi and SA and their interactions on fruits No. plant™, average fruit fresh and dry
weights and fruitsyield plant™ of tomato, c.v.El-Bashal077, during 2015 and 2016 seasons
Amendments Salinity levels (dg/m)

First season Second season Mean

applications 0 7 8 B Mean 0 7 8 B

Fruits number plant™
Control 6.00h-j 5.33j-1 433mn 3.000 4.67E 6.33i-k 533I-n 4330-q 267t 467G

S, 6.67gh 6.33hi 533-1 367n0 550D 7.33f-h 6.00j 500mo 3.00st 5.33F
Si, 933bc 833de 7.67¢f 633hi 7.92B 967b 833ce 633i-k 4330q 7.17B
SA, 9.33bc 800df 7.33fg 567i-k 7.58B 867cd 7.67eqg 6.00j-1 400pr 658C
SA, 6.33hi 567i-k 467Im 3330 500E 667hj 567km 467np 267t 492G

Si+SA; 767ef 733fg 6.33hi 467Im 650C 800df 7.00gi 567k-m 3.67g-s 6.08D
Si+SA, 6.67gh 6.33hi 533j-1 367no 550D 7.33f-h 6.33i-k 4.67np 3.33rt 542EF
Si+SA; 11.00a 967b 867cd 733fg 917A 1067a 900bc 7.33f-h 533I-n 8.08A
Si,+SA, 7.33fg 7.33fg 6.33hi 500k-m 650C 8.00d-f 6.33i-k 500m-0 3.67gs 5.75DE
Mean 781A 715B 622C 474D 807A 685AB 544B 3.63C
Average fruit fresh weight (gm)
Control 43.29f-i 40.79] 3454n 29.15p 36.94G 47.89gh 4193kl 36.18pg 29.84t 38.96F

Siy 4534 de 42.92¢g-i 37.78kl 30.370p 39.10E 50.27 &f 44.94ij 38.65m-c 32.18rs 41.51D
Si; 5246b 4890c 4251hi 36.17Im 4501B 57.87b 53.55cd 43.80jk 37.53n-p 438.19B
SA; 51.85b 48.34c 41.81lij 3559mn 4440B 5865b 54.16c 43.26jk 37.41n-p 43.37B

SA; 4419 efg 41.81ij 36.00mn 29.75p 37.94F 48.85f-h 4264k 36.730p 30.55st 39.69 EF
Si+SA; 46.28d 44.06e-h 3887k 31.810 40.26D 53.68cd 47.36h 40.16Im 33.99qr 43.80C
Sii+SA,  44.90d-f 423lij 37.80k 30.490p 38.88E 49.85ed 42.79jk 37.150p 31.37st 40.29E
Si+SA; 576la 5293b 46.00d 3883k 4884A 66.44a 5873b 46.94hi 39.44mn 52.89 A
Si,+SA, 49.11c 4546de 3899k 31630 41.30C 51.74de 46.62hi 40.04Im 32.75rs 42.79C
Mean 4834 A 4528B 39.37C 3264D 53.92A 48.08B 40.32C 33.90D

Average fruit dry weight (gm)
Control 517ifj 456Im 356pr 271s 400F 555e 457h 365Im 2700 412F

S, 505¢f 4.96jk 38lnp 28ls 438D 592d 487g 3.86j1 283n0 437D
Si, 678b 602de 453Im 353gr 522B 7.08b 6.32c 473gh 358m 543B
SA, 6.63b 592ef 445m 3.46r 511B 7.14b 623c 468gh 354m 540B
SA, 547h 478kl 3690r 274s 417E 575de 4.77gh 3.74k-m 273n0 4.25E

S, +SA,  623cd 528hi 397n 293s 460C 634c 526f 406i 292n 464C
S, +SA,  573fg 504ij 379np 278s 434D 583d 476gh 3.80kl 28lno 4.30 DE
Si+SA, 766a 663b 493jk 378nq 575A 807a 7.06b 525f 394i-k 608A
Si+SA,  630c 552gh 390no 282s 463C 623c 513f 41l1i 292n0 4.60C

Mean 6.21A 541B 4.07C 3.06D 6.43A 544B 421C 311D
Fruitsyield plant™ (gm)

Control ~ 26006i-| 217.63mn 149.90p  8823r 17896E 30L72gh 222.66kim 157.05pr 8014t  190.39G
Si; 30236f-h 27191gk 20L.62n0 111.68qr 221.89D 367.42e 269.83hj 19348mp 96.94st  23L.92F
Si 480.88b  407.65c 32605ef 229221-n 36320B 55890b 447.04d 2770Lh§ 16228pq 361318
SA, 48575b 386.72cd 30650fg 20178no 345198 50801c 41608d 25958i-k 149.65qr  333.33C
SA, 280.14¢j 236.88kn 167.960p 99.41r 19610E 324.95fg 241.36jkl 171.230-q 8L89t  204.86G

Si;+SA;  35469de 323166f 246.30j-m 148.68pq 26821C 427.88d 33122 eg 227.56k-m 124.49rs  277.79D

Si;+SA,  29910f-h 267.96h-k 201.55n0 112.34qr 22024D 364.13e 270.39hj 173.38n-q 104.82s  228.18F

Si,+SA; 63535a 51200b 39854c 28491gi 457.70A 707.94a 52824bc 344.03¢f 210.371-n  447.65A

Si,+SA,  360.17de 33313¢f 247.03j-m 158.49p 27470C 41308d 29578g- 20049m-0 12029rs  257.41E
Mean 38528 A 32856B 24950C 159.42D 44156 A 33584B 22265B 12565C

* The mean values have the same letters are not significant at significance level of 5%
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Table 2.Effect of salinity with Si and SA and their interactionson TSS, Acidity, V.C. and Lycopene of tomato
fruits, c.v. EI-Bashal077, during 2015 and 2016 seasons
Salinity levels (ds/m)

gg];?g;triﬂtss First season M ean Second season Mean
0 4 8 12 0 4 8 12
TSS (°Brix)

Control 520p 6.13kl 7.00g 7.40f 643G 540t 6.80mn 7.20klI 793e 6.83F
Siy 573n 6.47i 7.40f 780d 6.85E 6.00g-s 7.00lm 7.60f-i 853cd 7.28D

Si, 6.33ij 7.13g 813c 867b 757B 6400p 7.67eh 867c 9.00b 7.93B

SA; 6.27jk 7.07g 800c 853b 747C 6.27pq 747h-k 833d 860cd 7.67C

SA, 5400 627jk 713g 7.60e 660F 580s 6.73mn 7.33i-k 7.67eh 6.88F

Si;+SA;  6.00Im 6.67h 760e 807c 7.08D 6.13pr 7.27j1 7.87e 840cd 742D
Si+SA, 567n 6471 733f 7.73de 6.80E 587rs 7.00lm 753gj 7.87e 7.07E
Si+SA; 6.47i 760e 867b 927a 800A 6.67no 833d 913b 947a 840A
Si+SA, 593m 6.67h 7.60e 813c 7.08D 6.13pr 720kl 7.80eg 840cd 7.38D

Mean 580D 672C 7.65B 8.13A 607D 7.27C 7.94B 843A
Acidity (%)

Control  052tu 0.6lgr 063pg 0.72g-k 0.62E 053r 06lo 067Im 073i] 063G

Six 053tu 0.671-0 0.71hl 077¢f 067D 057pg 065mn 072j 0.79fg 0.68E

Si, 0.640-q 0.73fj 0.80de 0.88ab 0.76B 0.67Im 0.73ij 0.79fg 0.87bc 0.76B
SA,; 0.69j-m 0.74f-h 0.79de 0.87ab 0.77B 066Im 0.73ij 0.8le 0.88b 0.77B
SA, 050u 063pq 0.671-0 0.73fj 064E 056q 06lo 068kl 077gh 066F

Si;+SA; 059rs 0.68k-n 0.73fj 0.83cd 0.71C 062no 0.67Im 0.73ij 084cd 0.72C

Si;+SA, 055t 065n-q 0.70i-m 0.75fg 0.66 D 057pg 062no 0.70jk 0.79fg 0.67 EF

Si,+SA;  0.69j-m 0.74f-h 0.85bc 0.90a 0.80A 0.72j 0.75hi 084cd 091la O08lA

Si,+SA, 058rs 0.671-0 0.73fj 0.80de 070C 0.600 065mn 0.73ij 0.8le 070D

Mean 059D 068C 073B 0.80A 061D 067C 074B 0.82A

V.C. (mg/100 g f.w.)

Control  10.00m 10.61Im 12.12ij 13.03gh 11.44G 10.001 11.21jk 12.12hi 13.33d-f 11.67F
Siy 10.61Im 12.12ij 13.03gh 13.94ef 12.42E 10.91jk 12.12hi 13.03eg 14.85c 12.73D
Si, 12.42hi 13.94¢ef 1515d 16.97b 14.62B 12.73f-h 13.94d 1545c 16.97b 14.77B
SA,; 12.12ij 13.64fg 14.85d 16.06c 14.17C 12.73f-h 13.64de 15.15c 16.36b 14.47B

SA; 10.61Im 11.21 kl 12.42hi 13.33fg 11.89F 10.61kl 11.52ij 12.42 gh 13.03 e-g 11.89 EF
Si;+SA; 1152k 12.42hi 13.94ef 15.15d 13.26D 11.52ij 1242gh 13.94d 15.15c 13.26C
Si;+SA,  10.611m 11.52jk 13.03gh 13.94ef 12.27 EF 10.61kl 11.52ij 12.73f-h 13.64de 12.12E

Si,+SA; 13.33fg 14.85d 16.36bc 18.79a 15.83A 12.73f-h 1515c 16.67b 17.88a 15.61A
Si,+SA, 1121kl 12.42hi 13.64fg 14.55de 12.95D 10.91jk 11.52ij 13.33d-f 14.85¢c 12.65D

Mean 11.38D 1253C 13.84B 15.08A 11.41D 1256C 13.87B 1512A
Lycopene (mg/100 g f.w.)
Control 352w 4.06rs 507m 592h 465G 365u 424rs 525n 6.13] 4.82F
Siy 371uv 430pg 556j 634fg 498E 392t 452pq 570k 6.58gh 518D
Si, 4400p 558ij 657e 852b 627C 461p 583k 6.79f 866b 647B

SA; 447np 562if 683d 864b 639B 465p 586k 6.84ef 877b 653B
SA, 361lvw 421gr 529kl 6.27g 485F 375tu 441qgr 548Im 6.38i 501E
Si;+SA; 383tu 454no 576hi 6.84d 524D 417s 4880 6.09) 7.04de 555C
Si;+SA, 374uv 4.29pq 545jk 650ef 5.00E 394t 456pg 566kl 6.70fg 521D
Si,+SA; 517Im 6.26g 7.77c 995a 729A 542mn 642hi 802c 10.11a 7.49A
Si,+SA, 394s 463n 584h 6.85d 532D 4.21rs 490 6.13] 7.05d 559C
Mean 404D 483C 6.02B 7.32A 426D 508C 6.22B 749A
* The mean values have the same letters are not significant at significance level of 5%




Hasaan. A. Elkhatib..et al....: The Impacts of Silicon and Sdlicylic Acid Amendments on Yield and Fruit Quality of,... 937

and Wasti et a. (2017) reported the enhancement
effects of both of Si and/or SA on tomato yield and
fruits quality traits under normal or sainity stressed
conditions. Salehi et a. (2011) stated that the SA
application with high level could cause inhibitory effect
of treated tomato plants even if under non saline
conditions. Moreover, Mady (2009) revealed that the
SA foliar treatment at 50 ppm with vitamin E has
significant and better effect on tomato yield and fruits
quality parameters comparing with using 100 ppm of
SA.This enhancement effects of Si and SA could be the
sum of increasing the activity of many antioxidant
enzymes, inhibiting H,O, activity in addition to
enhancement of chlorophyll content and photochemical
efficiency andgoverning uptake and balance of K and
Na (Al-Aghabary et al., 2005 and Liang et al., 2005) as
aresult of using Si application, or due to enhancing of
water relations, membrane stabilization and altering the
plant hormones such as auxin, cytokinin and ABA as
with SA application (Gunes et a., 2005; Stevens et al.,
2006 and Shakirova et al., 2007).

It could be concluded that the application of Si in
concentration of 400 mg kg™ soil with foliar application
of SA at 50 ppm level may be considered a favorable
treatment for the salinity stressed tomato plants cv. El-
Basha 1077 to achieve the highest yield with high
quality characteristics.
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