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Abstract: Two pot experiments were carried out under different soil salimity levels (0, 2000,
4000 and 6000 ppm), as well as field experiment under saline soil condition, to investigate
the effect of spraying silicon (0, 250 and 1000 ppm $i0,) and/or boron (0 and 25 ppm B)
sprayed twice (40 and 70 days afier sowing) under pots expeniment, as well as spraying
silicon (0, 250, 500 and 1000 ppm SiQ,) and/or boron (0, 25 and 50 ppm B) sprayed three
successive times (at 35, 60 and 85 days after sowing) under field experiment on growth,
yield and chemical composition of wheat (Triticum aestiviem 1..) var. Seets 1. Generally,
under pots experiment, both silicon levels either alone or combined with boron significantly
increased shoots height and leaf area as well as grains yield/plant and weight of 1000,
However, under field experiment only the lowest level of silicon significantly increased all
the studied growth characters, while all levels of silicon significantly increased number of
spikes and grains as well as grains vield when compared with control non-sprayed plants,
however, the lowest level of silicon had the supenonty effect. Both silicon and boron
applications correct to some extent the negative effects of salinity either on growth, yield,
nutrients uptake, free polyamines and endogenous plant hormones (gibberellic acid and
cytokinins) while decreased abscisic acid. However, no constant trend was obtained for
indole-3-acetic acid concentration.
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INTRODUCTION

Soil salinity is a major problem for agriculture throughout the world. The problem of salinity is
of special importance in Egypt for both the old cultivated area as well as for the newly reclaimed lands.
The major constraints for plant growth and productivity are ion toxicity with excessive uptake of
mainly ClI" and Na' as well as nutrients imbalance caused by disturbed uptake or distribution of
essential mineral nutrients (Huand Schmidhalter, 2005).

Silicon was reported to reduce the hazard effects of various abiotic and biotic stresses including
salt stress, metal toxicity, drought stress, radiation damage, various pests and diseases caused by both
fungi and bacteria, nutrients imbalance, high temperature and freezing (Ma, 2004). Usually, plants
grown on saline soil suffer from several nutritional disturbances and nutrient deficiencies and
consequently plant growth inhibition. In this respect, Hanafy Ahmed e &f. (2002b) working on wheat
plants grown under different salinity levels (0, 3000 and 6000 ppm) noted that, growth characters of
wheat plants had pronounced increased by adding silicon under non-saline or saline soil conditions.

Moreover, it’s well known that under salinity conditions boron (B) concentration was decreased
in plants {Holloway and Alston, 1992; Wimmer et o/., 2001). Boron is an important micro nutrient
known to exhibit several interactions with other plant nutrients.
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Thus, the aim of the present study was to investigate the effect of Si and B foliar applications
as well as their combination on growth, yield and chemical composition of wheat, aiming to improve
wheat vield under non-saline or saline soil conditions.

MATERIALS AND METHODS

Pot expeniments were carried out in the wire house of the Plant Physiology Section, Faculty of
Agriculture, Cairo Umiversity, Giza, Egypt, during the two successive seasons, 2001-2002 and
2002-2003. Plastic pots (30 c¢m in diameter) were filled with 10 kg clay loam soil obtained from the
Farm of Faculty of Agriculture, Giza. Field experiment was carried out in Smosta, Baneswaf
governorate during season 2003-2004. Mechanical analysis for pot experiments were determined
according to the methods reported by Richards (1954). Chemical analyses of soils for pot and field
experiments were determined according to the methods reported by Jackson (1973) (Table 1).

In the two successive seasons, pots were divided into 3 main groups. The first main group was
sprayed with fresh water (control A) and the other two main groups were sprayed with silicon as
sodium meta silicate (Na,S10,.5H,0) at concentration 250 or 1000 ppm Si0O,, respectively. Each main
group was divided into two sub-groups. The first sub-group was sprayed with boron as boric acid
(H,BO.) at concentration 25 ppm B, while the second sub-group was sprayed with water. Each
sub-group of pots was divided into 4 sub-sub-groups of salinity levels (0, 2000, 4000 and 6000 ppm).
Soil salination was made by adding mixture of sodium chloride, calcium chloride and magnesium
sulphate at the ratio of 1:1:0.5 by weight. Each pot received 2.2 g of calcium superphosphate (15.5%
P,0.) and 1.1 g potassium sulphate (48% K,0) before sowing and 3.0 g ammonium nitrate (33.5% N)
added two weeks after sowing. In each pot, 10 grains of wheat (Triticum qestivim L) var. Seets 1 were
sown on the 30th Nov. 2001 in the first season and on the 29th Nov. 2002 in the second one. The
seedlings were thinned to 6 plants per pot two weeks later after sowing. Seeds were weekly irrigated
with fresh water keeping it not more than field capacity. Different foliar treatments were applied at
40 and 70 days after sowing.

Field affected with salinity (4400 ppm) was parted into 3 main plots. The first main plot sprayed
with water whereas the second and third main plots were sprayed with boric acid at concentrations
25 and 50 ppm B, respectively. Each main plot was splited into 4 sub plots. The first sub plot was
sprayed with fresh water (control A) and the other 3 sub plots were sprayed with silicon at the rates
of 250, 500 and 1000 ppm 810, respectively. Fertilization was carried out according to
recommendation of Ministry of Agriculture; calcium superphosphate (15.5% P,0.) and potassium
sulphate (48% K,0) were added before planting at the rate of 150 and 50 kg/fed., respectively.
Ammonium nitrate (33.5% N) were added before the first irrigation at the rate of 300 kg/fed. Wheat
grains were sown on 24th Nov. 2003. Foliar application treatments were applied at three successive
times 35, 60 and 85 days after sowing.

In both successive seasons of pots and in field experiment, one plant sample was taken 90 days
after sowing. The following measurements were recorded: shoot height (em), number of tillers/plant,

Table 1: Mechanical and chemical properties of the used soils

meqL~!
EC

Experience Properties Ca*? Mg Nat  K' C0;-  HCOs~ 80,72 CI- pH  (@m™
Pot 2001-2002 8.00 2.44 2400 112 0.00 2.00 25.50 8.00 7.60  0.32

2002-2003 7.00 4.20 1710 1.22  0.00 1.10 23.00 11.00  7.80 092
Field 2003-2004 17.80 740 3940 040 048 4.12 26.50 2040 9.00 710
Mechanical % of soil in pots Clay Silt Coarse sand Fine sand Organic matter  Tex.

2001-2002 35 22 6 37 1.8 Clay loam

2002-2003 37 21 6 36 2.1 Clay loam
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leaf number, leaf area (em?) and shoot dry weight (g). At harvest {160 days after sowing), yvield and
yield components were estimated as follows: number of spikes and grains per plant, grains as yield
g/plant in pots and ardab/fed in field, straw yield as g/plant in pots and ton/fed in field as well as
weight of 1000 grains (g).

Chemical Analysis

Determinations of N, P, K, Ca, Na and Mg as well as proline were carried out on the ground dry
material. Nitrogen concentration was determined by Nessler method according to ACAC (1960).
Phosphorus was estimated colorimeterically using the chlorostannous reduced molybdophosphoric
blue color method according to Jackson (1973). Potassium and sodium were determined using the flame
photometer (CORNING M 410). Calcium and magnesium were determined using the atomic
absorption spectrophotometer (GBC, 932 AA). Free proline concentration was measured
colorimeterically using ninhydrin reagent (Bates ef af., 1973).

Total chlorophyll in fresh leaves were extracted with dimethyl formamide and calculated as
described by Nornai (1982).

Ethanol extract of shoots were used for the determination of total sugars, total freec amino acids
and total soluble phenols. Total sugars were determined by using the phenol sulphuric acid reagent
(Dubois ef al., 1956). Total free amino acids were determined by using ninhydrin reagent (Moore and
Stein, 1954). Total soluble phenols were determined by using the Folin-Denis colorimetric method
(Swain and Hillis, 1959).

Free polyamines as putrescine (Put) was only determined in second season of pot experiment as
well as in field experiment by dansyl chloride reagent and quantified with spectrophotofluroimeter
according to Galston (1983).

Extraction of plant hormones was only done in second season of pot experiment, according to
Sadeghian (1971). The alkaline fraction was used for the determination of eytokinins according to El-
Ghamrawy and Neumann (1977) while the acidic fraction was used for determination of gibberellic
acid, abscisicacid and indole-3-acetic acid according to Vogel {1975) using Gas-Liquid Chromatography
(GLC).

Data of pot experiments were statistically analyzed by using three factorial completely
randomized design, while data of field experiment were statistically analyzed using a split plot design
which boron foliar application was the main plot and silicon foliar application was the sub-plot. The
means were compared using the least significant difference test (LSD) at 5% level (Snedecor and
Cochran, 1980).

RESULTS AND DISCUSSION

Growth Characters and Yield Components

Concerning the effect of salinity (Table 2, 3, 5 and 6) with increasing levels there was a significant
and gradual decreases in all of the studied growth characters and vield components in the two
successive seasons of pot experiment. These results were in agree with that reported by Hu and
Schmidhalter (1997), Hanafy Ahmed ef ol. (2002b) and Igbal (2005) working on wheat. However, with
soil salinity level 2000 ppm a reverse trend was recorded on leaf number and shoot dry weight in both
seasons as well as on number of grains/plant in the first season of pot experiment.

The reduction in plant growth and yield due to salimty might be attributed to the inhibiting effects
of salinity on many metabolic processes including protein, nucleic acid and polyamine synthesis
(Mittle and Dubey, 1991; Reggiani ef al, 1994), activity of mitochondria and chloroplasts {(Udovenko
and Tsibkovaskavai, 1983; Singh and Dubey, 1995), decreasing transpiration, stomatal conductance
and photosynthesis (Sharma, 1995), restricts the absorption of water by plant roots and water use
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Table 2: Shoot height (cm), leaf area (cim?) and leaf number of wheat plants sprayed by different levels of silicon and boron
grown under different levels of soil salinity in pot experiment during the two successive seasons 2001-2002 and

2002-2003
Season
2001- 2002 2002- 2003
8ol sal.(ppm) Soil sal.(ppm)
Mean Mean Mean Mean
Growth characters 0 2000 4000 6000 (A*B) (AY 0 2000 4000 6000 (A*B) (A)
Shoot height (cm)
Control 0B 737 665 71.0 683 69.9 715 780 740 668 663 71.3 688
1B 852 672 763 640 732 70.0 71.0 66.0 583 663
Sil 0B 735 757 802 758 763 766 895 823 880 765 841 846
1B 798 885 778 6l.3 769 945 885 825 750 851
8i2 0B 767 880 822 663 783 782 890 853 770 815 832 8358
1B 875 830 778 640 781 973 865 833 868 884
Mean (S) 794 781 77.6 66.6 Mean (B) 864 81.3 773 T4.0 Mean (B)
Mean (B*S) 0B 746 767 778 70.2 74.8 855 805 773 748 79.5
1B 842 796 773 63.1 76.0 87.3 820 773 733 80.0
Leafl area (cm?)
Control 0B 704 544 560 583 398 602 8l.1 638 8.9 289 642 60.5
1B 702 572 613 54.0  60.7 69.6 68.7 667 22.0 3568
Sil 0B 605 527 702 658 623 616 650 940 695 460 68.6 63.5
1B 698 785 678 51.2  66.8 93.8 649 400 347 383
8i2 0B 636 513 722 563 60.8 631 626 658 372 368 30.6 61.6
1B 775 623 678 540 654 75.5 852 784 513 726
Mean (S) 68.7 394 659 56.6 Mean (B) 746 73.7 624 366  Mean (B)
Mean (B*S) 0B 648 528 o661 60.2 61.0 69.5 745 632 372 61.1
1B 725 66.0 657 531 64.3 79.6 729 617 36.0 62.6
Leal Neo.
Control 0B 717 867 567 6.67 7.04 7T.06 1425 11.50 11.25 7.75 11.19 9.34
1B 833 830 6.00 550 7.08 8.00 775 875 550 7.50
Sil 0B 567 650 9.00 10,00 7.79 823 7.25 1325 650 7.25 856 847
1B 617 7.67 9.00 11.83 8.67 10.25 9.00 925 500 838
8i2 0B 717 1067 5.00 850 7.83 79 775 7.00 500 500 619 6.63
1B 850 9350 6.00 817 804 825 825 625 550 7.06
Mean (S) 717 858 678 8.44 Mean (B) 9.29 946 7.83 6.00  Mean (B)
Mean (B*S) 0B 667 86l 6.56 8.39 7.56 9.75 1038 7.58 6.67 8.65
1B 7.67 83  7.00 8.50 7.93 883 833 808 533 7.65
Shoot height Leaf area Leaf No.
2001-2002 2002-2003 2001-2002 2002-2003 2001-2002 2002-2003
LSDyes
3) 3.33 3.40 2.62 10.10 0.87 1.24
(A) 2.88 2.94 2.27 NS 0.75 108
B) NS NS 1.85 NS NS 0.88
S*A 5.76 5.88 4.54 17.49 1.51 216
A*B 4.08 4.16 3.21 12.37 1.06 1.52
B*S 4.71 4.80 3.70 14.28 1.23 1.76
S*A*B 8.15 832 6.42 24.74 2.13 3.05

S: Soil salinity levels, A: Silicon treatment (Si 1 = 250 ppm Si0; and Si 2 = 1000 ppm Si0;) and B: Boron treatment
(OB = Tap water and 1B = 25 ppm boron), WS: Non Significant

efficiency (Mansour, 1994), the toxic effects of certain ions present in soil solution (Maas and
Nieman, 1978) and/or imbalance in phytohormone levels through its effect on either the biosynthesis
or the destruction of the plant hormones (Nesiem and Ghallab, 1999).

The reduction in grain yield/plant at soil salinity levels 2000, 4000 and 6000 ppm reached 5.6,
30.3 and 42.9%, respectively when compared with control non-stressed plants in the first season.
Meanwhile, the corresponding values in the second season were 17.7, 31.4 and 53.5%, respectively.
In this respect, Hanafy Ahmed er ol (2002b) found in wheat a reduction on the most growth
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Table 3: Number of tillers and shoot dry weight (g) of wheat plants sprayed by different levels of silicon and boron grown
under different levels of soil salinity in pot experiment during two successive seasons (2001-2002 and 2002-

2003)
Season
2001- 2002 2002- 2003
8ol sal.(ppm) 8ol sal.(ppm)
Mean Mean Mean Mean
Growth characters 0 2000 4000 6000  (A*B) (A) 0 2000 4000 6000 (A*B) (A)
Number of tillers
Control 0B 5.00 433 4.00 333 417 390 500 450 450 425 456 4.09
1B 4.00 4.00 333 317 363 375 400 350 325 363
Sil 0B 417 433 4.33 4.67 438 433 375 450 325 325 369 3.59
1B 3.67 3.83 4.67 5.00 429 4.00 400 300 300 3.50
8i2 0B 3.67 4.00  3.50 483 400 396 375 325 300 3.00 325 359
1B 433 4.00 333 4.00 392 4.00 425 425 325 394
Mean (S) 4.14 4.08 3.86 4.17 Mean (B) 4.04 408 3.58 3.33 Mean (B)
Mean (B*S) 0B 428 422 3.9 4.28 4.18 4.17 408 338 3.50 3.83
1B 4.00 394 378 4.06 3.94 392 408 358 3.17 3.69
Shoot dry weight (g)
Control 0B 3.907 3.207 2188 2.103 2.851 2369 2.538 2305 1.663 1.578 2.021 1.836
1B 2.020 2287 1.880 1363 1.888 1.775 2238 1.673 0.920 1.651
Sil 0B 2413 240 2340 2870 2.566 2.641 1.538 2.165 1.770 0.973 1.611 1.754
1B 2253 3777 3.620 1213 2716 2.298 2.730 1.750 0.808 1.89
8i2 0B 2.053 2113 1443 1.960 1.893 1.810 1.550 1.323 1.485 1.165 1.381 1.594
1B 1.837 2773 1.320 0983 1.728 2.318 1.928 1.708 1.280 1.808
Mean (S) 2414 2766 2165 1.749 Mean (B) 2.003 2.115 1.675 1.120 Mean (B)
Mean (B*S) 0B 2791 2587 2057 2311 2.437 1.875 1.931 1.639 1.238 1.671
1B 2.037 2946 2273 1.187 2.111 2.130 2.298 1.710 1.003 1.785
No. of tillers Shoot dry weight
2001-2002 2002-2003 2001-2002 2002-2003
LSDyes
3) 0.24 0.27 0.286 0.308
(A) 0.21 0.24 0.248 0.266
(B) 0.17 NS 0.202 NS
S*A 0.42 0.47 0.495 0.533
A*B 0.29 0.34 0.350 0.377
B*S 0.34 0.39 0.404 0.435
S*A*B 0.59 0.67 0.700 0.754

S: Soil salinity levels, A: Silicon treatment (Si 1 = 250 ppm Si0; and Si 2 = 1000 ppm Si0;), B: Boron treatment (0B
= Tap water and 1B = 25 ppm boron) NS: Non Significant

characters and yield components [number and/or weight of graing, weight of spikes as well as grain
filling (weight of 1000 grain)| due to salinity.

Concerning the effect of silicon, in pots experiments, data presented in Table 2 and 3 revealed
that, both levels of silicon either alone or combined with boron under both non-saline and saline
soil conditions significantly increased shoots height and leaf area. However, no constant trend
could be detected on leaf number, number of tillers and shoot dry weight, where they significantly
increased in the first season at the lower level of silicon, while a reverse trend was recorded in the
second season. These findings are in contrast with those previously stated by Hanafy Ahmed ef af.
(2002b) on wheat plants. They reported that, the highest rate of silicon application (1000 ppm SiO,)
resulted in pronounced increase on all of the studied growth characters and all yield components of
wheat, especially at the highest level of soil salimity (6000 ppm), but not at the lower rate of silicon
(500 ppm S10,).

The lowest level of silicon (250 ppm) significantly increased all the studied growth characters
when compared with control non-sprayed plants (Table 4). Similar results were recorded by
Trivedi e al. (2004).
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Table 4: Growth characters and yield components of wheat plants sprayed by different levels of silicon and boron grown
under saline field (4400 ppm) experiment

Shoot height (cmm) No. of tillers Leaf area (cm?)
----------------------------- Mean — -----eeemeemeemeemeemee- MeAN -emem e Mean
Treatments 0B 1B 2B () 0B 1B 2B [(9)] 0B 1B 2B (b)
Growth characters
Control 73.3 77.8 87.8 796 3.50 3.50 4.00 367 5207 78.68 67.13 6596
Sil 70.5 103.8 853 865 5.19 6.38 550 369 9039 18465 63838 11304
Si2 71.8 73.8 880 778 5.00 3.50 4.00 417 5384 7048 59.05  6l.12
Si3 79.8 80.0 80.8 80.2 4.56 5.57 6.19 3544 7960 6235 67.33  69.76
Mean (a) 73.8 83.8 83.5 4.56 4.61 4.92 69.03  99.04 64.35
L8Dy 5 a=2.66b=4.01 axb =6.95 a=N8b=0.75axb=1.31 a=1822b=19.07axb=33.04
Leaf No. Shoot dry weight (g)
Control 8.50 7.75 8.00 808 4.355 6.965 9.818 7.046
Sil 9.75 14.50 825 10.83 7425 15268 7.650 10114
Si2 8.25 8.25 9.25 858 7.208 6.348 9.000 7.385
Si3 7.25 7.75 9.75 825 9.030 8353 10.600 9.394
Mean (a)  8.44 9.56 8.81 7.004 9333 9267
LSDqps a=NS b=2.08 axb=3.61 a=2084b=2114axb=3.662
Yield comp onents
Spikes number/plant Straw yield (t/fed.) Grains number/plant
Control 3.00 2.50 3.00 283 1.00 1.20 110 110  147.5 120.5 1955 1545
Sil 3.25 450 400 392 1.20 1.20 110 117 193.0 232.0 175.0  200.0
Si2 2.50 3.00 375 3.08 1.24 1.40 140 135 167.0 120.5 1455 1443
Si3 3.00 3.00 3.00  3.00 1.28 1.20 092 113 1705 1595 164.5 164.8
Mean (a) 2.94 3.38 344 1.18 1.25 1.13 169.5 158.1 170.1
L8Dggs a=049b=0.59 axb=1.02 a=0.06b=0.09 axb=0.15 a=NS8b=21.57 axb =37.36
Grains yield (ardab/fed.) Weight of 1000 grain (g)
Control 4.00 5.33 6.15 516 3112 52.37  36.73 4007
Sil 7.49 8.00 7.67 772 3839 4431 4383 4218
Si2 5.83 4.91 6.66  5.80 45.33 30,79 27.08 3440
Si3 4.82 7.81 5.86 616 31.85 5423 39.88 41.99
Mean (a) 5.53 6.51 6.58 36.67 4542 36.88
LSDgy;; a=0.83b=0.34 a* =060 a=416b=513a*h=28.88

b: Silicon treatment, Si 1 = 250 ppm 8i0,, 8i 2 = 500 ppm 8i0,, Si 3 = 1000 ppm Si0,, (a) Boron treatment, 0B =
Tap water, 1B = 25 ppm boron, 2B = 30 ppm boron, NS: Non Significant

It could be suggested that, silicon application might exert their favorable effect to counteract the
detrimental effects of salinity when the plants would show obvious stunting. In this connection,
evidence has been provided that silicon not only contributes to cell wall rigidity and strengthening but
might also increase cell wall elasticity during extension growth (Marschner, 1995). Moreover, the
enhancement effect on shoot height of wheat plants supplied with Si might be induced through its role
in both cell division and cell expansion by their effect on RNA and DNA synthesis. In this respect,
Aleshin (1988) mentioned that nucleic acid preparations from rice tissues contain large amounts of Si.
Moreover, silicon increased the thickness of the culm wall and the size of the vascular bundles
(Shimoyama, 1958) preventing lodging in rice, thereby enhancing the strength of the stems.

Moreover, Ma and Takahashi (2002) and Ma (2004) reported that, Si could alleviate the effects
ofabiotic stresses including salt stress, metal toxicity and nutrient imbalance. These beneficial effects
are mostly expressed through Si depositionin the leaves, stems and hulls. Therefore, Si is characterized
by wide effects associated with the greater Si accumulationin the shoots.

Hanafy Ahmed et «f. (2002b) and Trivedi ef af. (2004) mentioned that, adding silicon under
both non-saline and saline conditions reversing the salt inhibition on growth mainly by reducing
the sodium uptake into the shoot. Moreover, Liang ef ¢f. (1996) concluded that silicon could
increase photosynthesis and decrease the permeability of plasma membranes of leaves of salt stressed
barley. They also mentioned that silicon could inhibit the uptake of Na and increase the uptake of K,
thus mitigating salt toxicity to the plants and improving the vegetative growth of salt stressed
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barley. Moreover, Marschner (1995) noted that, silicon could stimulate growth and yield under both
non-saline and saline soil by several indirect actions. These include decreasing mutual shading through
improving leaf erectness. Ma and Takahashi (1993) mentioned that the maintenance of erect leaves as
a result of silicate application can casy account for 10% increase in the photosynthesis of the canopy
and consequently increase in both growth and yield.

In addition, Agrie ef al. (1992) working on rice, reported that silicon reduced transpiration and
increased water use efficiency in leaves, which in turn reduced the decline in photosynthesis and
chlorophyll destruction in older leaves. Also, Liang ef /. (1996) pointed out that silicon treatment
increased CO, assimilation of barley leaves.

Concerning the effect of silicon on yield components of pot experiments the two successive
seasons, silicon decreased spikes number/plant, straw yield and grains mumber/plant when compared
with control non-spraved plants (Table 5 and 6). While, grains vield/plant and weight of 1000 grain
were significantly increased by both silicon treatments either alone or combined with boron under
saline soil conditions in the two successive seasons, with some exceptions, but under non-saline soil
the lower level ofsilicon combined with boron have the superiority effect comparing with control
non-spraved plants under the same saline soil condition. Concerning the effect of silicon on yield
components under field conditions, all measured yield components significantly increased by all levels
of silicon with some exceptions, as compared with control non-sprayed plants (Table 4). However,
the lowest level of silicon had the superiority effect in all vield components, except of straw yield
which was higher by the middle level of silicon.

In this respect, Pandey and Yadav (1999) reported that spraying silicon (50 or 100 ppm Si)
increased grain vield/plant of wheat. They referred that to an increase in plant water status, chlorophyll
content, biological yield and harvest index, coupled with reduced values of water potential, increase
in dry matter accumulation, dry matter production rate, leaf area/plant at the flowering stage,
productive tillers, grains and grain yield‘main spike and per plant and transpiration rate coupled with
a decrease in stomatal conductance. Moreover, Ma ef al. (1989) working on rice mentioned that during
the reproductive stage, silicon is preferentially transported into the flag leaf and interruption of silicon
supply at this stage is detrimental for spikelet fertility.

Concerning the effects of boron foliar application treatment, in pots experiments, the two
successive seasons, boron incrzased most of the studied growth characters, but these increases did
not reach a significant level when compared with non-spraved control plants with some exceptions
(Table 2 and 3). Moreover, the shoot height and dry weight was significantly increased by boron
application (Table 4). Similar results were recorded by Gunes ef al. (2003) and Mete ef af. (2005) on
wheat. Meanwhile, number of leaves, leaves area and number or tillers did not affected with both boron
levels, except the lower level of boron which significantly increased the number or tillers as compared
with control non-sprayed plants with some exceptions. Similar results were recorded by Grieve and
Poss (2000) on wheat. In this respect, several authors noted that, it’s well known that under
salinity conditions boron concentration in the plants was decreased (Holloway and Alston, 1992,
Wimmer et af., 2001). Moreover, changes in wall propertics that resulted from decreased borate cross-
linking of pectin might lead to many of the symptoms associated with boron deficiency, which almost
associated with salinity in plants (O'Neill ef /., 2005).

Concerning the effects of boron on yield components of pot experiments, the two successive
seasons all measured yield components signficantly increased by boron foliar application when
compared with confrol non-sprayed plants, except of number of spikes/plant and weights of
straw/plant which did not significantly affected. Similar results were recorded by Gunes et al. (2003)
and Mete et al. (2005) on wheat. Also the interaction between boron and silicon take the same trend
especially under non-saline and at 6000 ppm soil salinity conditions (Table 5 and 6).
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Table 5: Spikes number, straw yield (g)/plant and grains number of wheat plants sprayed by different levels of silicon and
boron grown under different levels of soil salinity in pot experiment during two successive seasons (2001-2002
and 2002-2003)

Season
2001- 2002 2002- 2003
Soil sal. (ppm) Soil sal. (ppm)
Mean Mean Mean Mean
Yield components 0 2000 4000 6000  (A*B) (A) 0 2000 4000 6000 (A*B) (A)
Spikes No.
Control 0B 3.33 3.00 267 267 292 3.08 3.67 300 267 200 283 279
1B 400 400 3.00 2.00 325 333 333 200 233 275
Sil 0B 4.00 267  4.00 1.67 3.08 300 367 200 167 100 208 229
1B 3.67 3.00  3.00 200 292 267 267 233 233 250
Si2 0B 3.67 3.67  2.00 267 300 267 3.00 300 200 200 250 271
1B 2.67 2,00 3.00 1.7 233 333 267 300 267 292
Mean (S) 3.56 3.06 294 2.11 Mean B) 3.28 2.78 228 2.06 Mean (B)
Mean (B*S) 0B 3.67 311 2.89 2.33 3.00 344 267 211 1.67 247
1B 344 3.00  3.00 1.89 2.83 311 28 244 244 272
Straw yield (g)/plant
Control 0B 6.89 838 6.57 415 655 659 768 11.12 1056 471 832 7.56
1B 7.01 750 7.4 4.56  6.63 928 757 479 476 6.60
Sil 0B 533 500  6.15 2.8 483 528 6.05 232 18 127 288 381
1B 7.97 598 6.07 29 5.73 719 445 365 371 475
Si2 0B 7.54 775 3531 322 595 570 594 511 292 257 414 412
1B 6.64 6.95  4.35 383 544 590 440 341 270 410
Mean (S) 6.90 6.96 598 3.58 Mean (B) 7.01 583 453 329 Mean (B)
Mean (B*S) 0B 6.59 711 6.01 3.40 5.78 656 618 511 285 5.18
1B 7.21 6.81 595 3.77 5.93 746 548 395 372 515
Grains No.
Control 0B 1260 675 435 375 686 958 102.0 1360 95.0 650 995 1029
1B 171.0 150.0 132.0 39.0 123.0 155.0 120.0 90.0 60.0 106.3
Sil 0B 577 1363 80.0 61.7 839 979 124.0 8.0 887 3507 863 880
1B 117.7 149.7 887 91.3 111.8 95.7 860 950 813 898
8i2 0B 620 980 773 7.3 772 745 847 613 693 433 647 T3S
1B 553 77.0 850 69.7 718 118.0 92.0 66.0 533 823
Mean (S) 98.3 113.1 844 61.8 Mean (B) 113.2 962 842 589 Mean(B)
Mean (B*S) 0B 81.9 100.6 66.9 56.8 76.6 103.6 93.1 843 53.0 83.5
1B 1147 1256 101.9 66.7 102.2 122.9 993 840 649 92.8
Spikes No. Straw weight Grains No.
2001-2002 2002-2003 2001-2002 2002-2003 2001-2002 2002-2003
LSDy o5
) 0.33 0.38 0.77 1.15 9.66 12.99
(A) 0.28 0.33 0.66 1.00 8.37 11.25
B) NS NS NS NS 6.83 9.18
S*A 0.56 0.66 1.33 1.99 16.73 22.50
A*B 0.34 0.46 0.94 1.41 11.83 15.91
B*S 0.46 0.54 1.09 1.63 13.66 18.37
S*A*B 0.80 0.93 1.88 2.82 23.66 31.81

S: Soil salinity levels, A: Silicon treatment (Si 1 = 250 ppm Si0; and Si 2 = 1000 ppm Si0O ), B: Boron treatment (0B
= Tap water and 1B = 25 ppm boron), NS: Non Significant

On the other hand, boron at both levels increased spikes number/plant and grains vield when
compared with control non-sprayed plants (Table 4). Meanwhile, straw yield and weight of
1000 grains were significantly increased at the lowest level of boron. However, no significance
differences were obtained from grains mumber. In this respect, Subedi ef ¢/. (1997) noted that, the soil
addition of boron (1 kg B ha™') significantly increased the number of grains/spike thereby decreasing
the total sterility on wheat. Rahman ef «/. (2005) noted that, boron availability was enhanced by liming
which could have significant effects in preventing spike-sterility and thereby increased yield of wheat
and rice plants.
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Table 6:  Grains yield (g)/plant and weight of 1000 grain (g)of wheat plants sprayed by different levels of silicon and boron
grown under different levels of soil salinity in pot experiment during two successive seasons (2001-2002 and

2002-2003)
Season
2001- 2002 2002- 2003
Soil sal. (ppm) Soil sal. (ppm)
Mean Mean Mean Mean
Yield components 0 2000 4000 6000  (A*B) (A) 0 2000 4000 6000 (A*B) (A)
Grains yield (g)/plant
Control 0B 218 1.02  0.56 0.45 1.05 167 18 18 120 066 139 172
1B 376 212 1.69 1.58  2.29 294 213 200 117 2.06
Sil 0B 117 209 1.23 1.15 141 1.8 309 263 1.8 061 206 240
1B 3.60 249 143 145 224 324 273 265 234 274
8i2 0B 1.37 195 1.72 1.05 1.52 177 270 107 141 134 1.63 227
1B 1.03 270 252 1.82  2.02 332 377 263 187 29
Mean (S) 218 206 152 125 Mean (B) 2.86 236 196 1.33  Mean (B)
Mean (B*3) 0B 1.57 189 117 0.88 1.33 256 1.84 150 087 1.69
1B 2.80 244 1.88 1.61 2.18 317 2.8 243 1.79 2.57
Weight of 1000 grain (g)
Control 0B 1728 1498 1283 12.08 1429 1829 1857 13.77 13.40 1027 14.00 16.82
1B 2193 1397 1278 4051 2230 19.09 17.75 22.22 19.50 19.64
Sil 0B 1986 1532 1546 1897 1740 1860 24.80 3223 21.83 1226 22.78 27.17
1B 3065 16.60 1617 1577 1980 37.21 3332 27.03 28.69 31.56
Si2 0B 2188 1993 21.85 17.57 2031 2381 3283 1725 23.60 3031 26.00 31.26
1B 1870 3475 2942 2639 2732 28.14 43.20 39.52 35.20 36.52
Mean (S) 21.72 1926 18.08 21.88 Mean B) 2677 2625 24.60 22.71 Mean (B)
Mean (B*S) 0B 1967 1674 1671 1621 17.33 2540 21.08 19.61 17.61 2093
1B 2376 2177 1946 2756 23.14 2815 31.42 29.59 27.80 29.24
Grains weight Weight of 1000 grain
2001-2002 2002-2003 2001-2002 2002-2003
LSDyg 05
) 0.25 0.43 2.33 NS
(A) NS 0.37 2.02 4.53
(B) 0.18 0.30 1.65 3.70
S*A 0.44 0.74 4.04 9.07
A'B 0.31 0.53 2.86 6.41
B*S 0.36 0.61 3.30 7.40
S*A*B 0.62 1.05 5.72 12.82

S: Soil salinity levels, A: Silicon treatment (Si 1 = 250 ppm Si0; and Si 2 = 1000 ppm Si0;), B: Boron treatment (0B
=Tap water and 1B =25 ppm boron), N8: Non Significant

Chemical Composition
Inorganic Components

Concerning the effect of salinity on mutrients concentration, the low values of both N and K
concentrations were recorded by shoots growing under salinity when compared with control plants
grown under non-saline soil (Table 7). The reduction was more pronounced at the higher salimity
level. In grains also a gradual reduction in N concentrations were recorded with increasing salinity
level. These results were agree with those reported by Hu and Schmidhalter (1997) and
Hanafy Ahmed e# of. (2002b) on wheat. It is important here to mention that, salinity induced by using
chloride or sodium salts might be implicated indirectly in decreasing N and K concentrations of wheat
plants. In this respect, Hanafyr Ahmed ef af. (1996) mentionad that chloride seems to cause a decrease
in nitrate accumulation, since its uptake is antagonistic to nitrate. Leidi ef al. (1991) observed the
competition between K" and Na' in wheat, especially by roots at different rates of salinity. They
pointed out that a reduction of transpiration recorded at the highest salimty level could be correlated
with a severe reduction in K level.
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Table 7: Nitrogen, phosphorus and potassium concentrations (mg g~' D.W) in the shoots of wheat plants sprayed by
different levels of silicon and boron grown under different levels of soil salinity in pot experiment during two
successive seasons (2001-2002 and 2002-2003)

Season
2001- 2002 2002- 2003
Roil sal. (ppm) Soil sal. (pprm)
Mean Mean Mean Mean
0 2000 4000 6000  (A*B) (A) O 2000 4000 6000 (A*B) (A)
Nitrogen
Control 0B 1806 1544 1679 2330 1840 21.19 20.09 1995 1657 1675 1834 18.65
1B 29.66 1874 2452 2298 2397 2831 11.83 2149 1417 1895
Sil 0B 2497 1788 1950 2027 2065 21.82 2352 21.26 1445 2023 19856 20.80
1B 2285 2519 2235 2158 2299 18.65 27.77 1548 25.06 21.74
Si2 0B 2036 1413 2045 1982 1869 2006 1232 3093 1630 2587 21.35 24.15
1B 2461 2230 2280 1603 2143 3093 28.67 22.80 2542 2695
Mean (S) 23.42 1895 21.07 20.66 Mean (B) 2230 2340 1785 21.25 Mean(B)
Mean (B*3) 0B 21.13 1582 1892 21.13 19.25 18.65 24.05 1577 2095 19.85
1B 2571 2208 2322 2020 22.80 2596 22.75 19.92 21.55 22.55
Phosphorus
Control 0B 293 427 5.62 3.92 419 430 442 353 331 574 425 371
1B 102 636 276 7.50 4.41 434 209 199 429 318
Sil 0B 268 6.14 492 280 413 424 417 377 368 226 347 3.85
1B 293 435 5.26 485 4.35 4.99 427 311 455 423
Si2 0B 223 3.006 280 241 262 353 298 333 353 167 2.8 337
1B 541 556 469  2.06 4.43 256 417 373 499 3.86
Mean (S) 2.87 496 434 392 Mean(B) 391 353 323 392 Mean (B)
Mean (B*S) 0B 261 449 4.45 34 3.65 386 354 351 323 3.53
1B 312 542 424  4.80 4.40 396 351 295 4.6l 3.76
Potassium
Control 0B 23.05 2386 2260 2189 2285 2459 3019 2298 2527 2418 25.65 2595
1B 2833 2877 2359 2466 2634 3215 2440 2374 2472 26.25
Sil 0B 31.82 2323 2430 2350 2571 2720 2560 2680 2374 2691 25.76 26.09
1B 31.37 3047 3030 2260 28.69 3030 24.94 24.07 2636 2642
Si2 0B 3047 3012 1938 2359 2589 2808 33.03 2669 2538 30.84 2898 29.60
1B 3477 2716 30.56 2860 30.27 3499 29.64 2789 2833 30.21
Mean (S) 29.97 2727 2512 2414 Mean (B) 31.04 2591 2501 2689 Mean(B)
Mean (B*S) 0B 2845 2573 2210 2299 24.82 29.60 2549 24.80 2731 26.80
1B 3149 2880 2815 2529 28.43 3248 2633 2523 2647 27.63
Nitrogen Phosphorus Potassium
2001-2002 2002-2003 2001-2002 2002-2003 2001-2002 2002-2003
LSDyes
3) 0.86 0.83 0.32 0.31 1.70 2.07
(A) 0.74 0.72 0.27 0.27 1.47 1.80
(B) 0.61 0.59 0.22 0.22 1.20 NS
S*A 1.48 1.44 0.55 0.53 2.74 3.59
A'B 1.05 1.02 0.39 0.38 2.08 2.54
B*S 1.21 1.18 0.45 0.44 2.40 2.93
S*A*B 2.10 2.4 0.78 0.76 4.14 5.08

S: Soil salinity levels, A: Silicon treatment (Si 1 = 250 ppm Si0; and Si 2 = 1000 ppm Si0;), B: Boron treatment (0B
=Tap water and 1B = 25 ppm boron), N8 Non Significant

In addition, higher values of Na, Ca and Mg concentrations were detected in saline stressed plants,
which were more pronounced at higher than at lower salinity level (Table 8). This higher internal Na,
Ca and Mg concentrations might be risen as a function of external addition of NaCl, CaCl, and MgSQ,
in the soil. However, no constant trend could be detected for P concentration at both seasons.

In this connection, Hanafy Ahmed ef af. (2002b) suggested that the several detrimental effects
attributed to salinity stress on growth characters and yield of wheat might be partially due to decreases
in N and K concentrations and/or increases in P, Na, Ca, Mg values. Leidi ef &f. (1991) working on
wheat reported that growth, leaf expansion and yield under saline conditions were limited by lowering
intake of N and/or K by the plant in the presence of NaCl.
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Table 8: Sodium, calcium and magnesium concentrations (mg g~! D.W) in the shoots of wheat plants sprayed by
different levels of silicon and boron grown under different levels of soil salinity in pot experiment during two
successive seagons (2001-2002 and 2002-2003)

Season
2001- 2002 2002- 2003
Roil sal. (ppm) Soil sal. (pprm)
Mean Mean Mean Mean
0 2000 4000 6000  (A*B) (A) O 2000 4000 6000 (A*B) (A)
Sodium
Control 0B 259 2.78 319 262 280 253 331 274 312 232 287 281
1B 235 217 202 247 2.26 338 255 209 300 276
Sil 0B 225 221 206 225 219 224 316 209 225 289 260 3.10
1B 228 225 217 247 2.29 293 357 464 327 3.60
8i2 0B 198 247 240 217 226 231 376 338 410 338 3.66 3.55
1B 202 228 2.81 2.32 2.36 357 338 335 346 34
Mean (S) 225 236 244 2.38 Mean(B) 3.35 295 326 3.05 Mean (B)
Mean (B*S) 0B 227 249 2.55 2.35 241 341 274 316 287 34
1B 222 223 2.33 2.42 2.30 330 317 336 324 3.27
Calcium
Control 0B 3.66 411 408  4.63 412 372 4.09 3353 469 3.61 398 3.62
1B 263 293 4.83 2.92 3.32 1.53 360 394 399 327
Sil 0B 295 5.18 6.33 4.83 482 416 1.57 7.9 438 1.02 377 371
1B 413 293 243 4.50 3.49 433 398 375 251 3064
8i2 0B 200 275 6.25 434 3.84 425 474 408 428 4.65 443 443
1B 408 1.9 6.75 592 4.67 2.88 425 500 559 443
Mean (S) 3.24  3.30 511 4.52 Mean (B) 319 456 437 3.56 Mean(B)
Mean (B*S) 0B 2.87 4.01 5.55  4.60 426 346 518 452 309 4.00
1B 361 2.60 4.67 445 3.83 291 394 423 405 3.78
Magnesium
Control 0B 176 4.28 3.38 1.58 275 223 194 28 253 202 235 205
1B 150 0.86 2.25 2.25 1.72 094 198 220 191 176
Sil 0B 185 254 225  4.50 279 212 153 241 170 459 256 214
1B 1l1ls 075 1.33 2.56 1.45 1.87 138 1e4 197 172
8i2 0B 239 145 100 3.78 215 1.8 130 198 371 375 269 3.15
1B 072 074 1.09 367 1.55 1.98 277 481 490 362
Mean (S) 1.56 1.77 1.88  3.06 Mean(B) 1.59 224 277 3.19 Mean (B)
Mean (B*S) 0B 200 276 2.21 3.29 2.56 1.59 243 265 345 2.53
1B 113 0.78 136  2.83 1.57 1.60 204 288 293 2.36
Sodium Calcium Magnesium
2001-2002 2002-2003 2001-2002 2002-2003 2001-2002 2002-2003
LSDyes
3) NS NS 0.30 0.27 0.21 0.31
(A) NS 0.61 0.26 0.23 0.18 0.27
B) NS NS 0.21 0.19 0.15 NS
S*A NS NS 0.52 0.46 0.36 0.54
A*B NS 0.86 0.37 0.33 0.25 0.38
B*S NS NS 0.43 0.38 0.29 0.44
S*A*B NS 1.71 0.74 0.66 0.51 0.76

S: Soil salinity levels, A: Silicon treatment (Si 1 = 250 ppm Si0; and Si 2 = 1000 ppm Si0;), B: Boron treatment (0B
= Tap water and 1B =235 ppm boron), NS: Non Significant

Moreover, high Na concentration may negatively affect plant growth due to the decrease in the
absorption and translocation of water in these plants (Bernstein and Pearson, 1956), distrbing the fine
structure of the plant cell causing swelling of the chloroplasts and plastids which may decreasing the
net photosynthesis (Yeo er ., 1985) and affect the availability of most macromutrients in the plant
(Hu and Schmidhalter, 1997). In addition, Hu and Schmidhalter (1997) reported that relative growth
rate and yield were positively correlated with potassium content and negatively correlated with sodium
content in root and shoot of wheat plants.
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In pot experiments, the two successive seasons, high values of N, P, K and Ca concentrations
were recorded by the shoots and grains with silicon application either alone or combined with boron
comparing with control silicon non-sprayed plants, especially in shoots sprayed with boron, with
some exceptions (Table 7-10). On the other hand, a reverse trend was recorded on Na concentration
in grains. However, no constant trend could be detected for Na concentration in shoot and for Mg
concentration in both shoots and grains by spraying silicon either alone or combined with boron when
compared with control non-sprayed plants.

In this respect, Chen ez af. (2002) reported that, absorption of N, P and K by rice plants was
enhanced by silicon application. Moreover, Liang ef al. {(1996) and Hanafy Ahmed et al. (2002b)
reported that, under saline soil conditions, low values of both Ca and Mg were recorded by the plants
treated with 500 ppm SiO,, while a reverse trend was detected by spraying of 1000 ppm SiO,.
Moreover, Hanan (1996) working on rice, suggested that the beneficial effects of Si might be ascribed
to the isomorphus replacement of the phosphate ions with the silicate ions. However, Marschner
(1995) mentioned that Si had no direct effect on P uptake or translocation to the roots. Liang ef al.
(1996) pointed out that Si could enhance the uptake of K and inhibit the uptake of Na in salt-stressed
barley. In the same concern, Trivedi et of. (2004) reported that addition of silicon to the mutrient
medium reversed the salt inhibited growth mainly by reducing the shoot Na uptake.

In field experiment, silicon was significantly increased N and K concentrations in shoots as well
as N, P and Ca concentrations in grains, especially in the plants treated with the higher rate of silicon
(Table 11). In this respect, Hanan (1996), Liang ef af. (1996) and Hanafy Ahmed et af. (2002b) pointed
out that N and K uptake was significantly increased in shoots when Si was added to soil. The
stimulating effect of Si on N content might be due to the pH rise by sodium meta silicate which
stimulates ammonification (Kai, 1978). Moreover, Nayar ef al. (1982) reported that the application
of silicate materials might help further increasing in grain yields, especially through efficient use of
applied N. So, the data indicated that, the concentration of P increased in shoots whereas concentration
of Na and K in grains were increased but not reached to sigmficance, with some exceptions. However,
Na and Mg concentrations decreased signmficantly in shoots as well as concentration of Mg in grains,
with some exceptions, when compared with control silicon non-sprayed plants.

In this respect, it can be suggested that the decrease in Na might be induced by dilution effect as
a result of beneficial effects of Si application on dry matter accumulation. Simmilar suggestion was
recorded by Hanafy Ahmed er af. (2002b) on wheat plants. Moreover, Ma and Takahashi (1993)
working on rice, suggested that Ca uptake and translocation are closely related to the transpiration.
They also mentioned that transpiration rate was significantly decreased by the Si addition and caused
the decreased on Ca uptake.

Thus, concerning the effect of silicon on alleviating the harmfil effects of salinity, it can be
suggested that, Si addition may improve nutritional balance under saline soil conditions, thereby a
better growth performance and consequence yield production obtained. In this respect, Gharib and
Hanafy Ahmed (2005) noted that, silicon foliar applications enhanced N, K and Na concentrations in
pea shoots. It might be suggested that, B could improve the mutritional balance under saline soil
conditions leading to better performance of silicon.

In addition, in field experiment, boron significantly increased P and K concentrations in shoots,
while N was significantly decreased at the highest level (50 ppm) (Table 11). Meanwhile, Mg and Ca
concentrations in shoots decreased significantly by the lowest level of boron (25 ppm) but increased
significantly at the highest level of boron. While, no significantly differences could be detected on Na
concentrations under both levels of boron. Moreover, the highest level of boron was significantly
increased N whereare significantly decreased P and Ca in grains. While, no significant trend could be
reported at the lowest level of boron on all of the studied minerals concentrations.
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Table 9: Nitrogen, phosphorus and potassium concentrations (mg g' D.W) in grains of wheat plants sprayed by different
levels of silicon and boron grown under different levels of soil salinity in pot experiment during two successive
seasons (2001-2002 and 2002-2003)

Season
2001- 2002 2002- 2003
Soil sal.(ppm) Soil sal.(ppm)

Mean Mean

Mean Mean

0 2000 4000 6000 (A*B) (A) O 2000 4000 6000 (A*B) (A)

Nitrogen

Control 0B 1497 1479 1395 1384 1439 1540 14.72 11.92 11.69 1014 12.12 12.07
1B 1691 1662 1619 1592 164l 1540 11.38 11.06 10.23 12.02

Sil 0B 21.67 1698 1580 1456 1725 17.07 1684 1431 13.09 12.08 14.08 12.94
1B 19.69 1616 16.12 1560 16.8% 1219 11.51 11.26 1219 11.79

8i2 0B 1914 1765 1781 1519 1745 1672 2000 1677 13.77 12.21 15.69 14.13
1B 19.19 1564 1524 1388 1599 1422 11.83 13.70 10.50 12.56

Mean (S) 18.60 1631 1585 1483 Mean(B) 15.56 12.95 1243 11.22  Mean (B)

Mean (B*3) 0B 1860 1647 1585 1453 16.36 17.19 1434 1285 11.48 13.96
1B 18.60 1614 1585 1513 16.43 13.94 11.57 1201 1097 12.12

Phosphorus

Control 0B 292 243 2.22 1.74 233 266 200 250 19 1.82 207 230
1B 395 371 2.40 1.90 2.99 352 302 236 1.21 253

Sil 0B 256 3.27 3.05 2.96 29 314 270 310 3.65 397 336 266
1B 333 397 324 276 3.32 228 225 099 231 19

Si2 0B 226 3.12 3.79  3.06 3.06 317 340 282 390 414 357 313
1B 3.06 3.26 3.67 310 3.27 353 219 175 334 270

Mean (S) 3.00  3.29 3.06 259 Mean(B) 291 265 244 2.80 Mean (B)

Mean (B*S) 0B 258 2.9 3.02 259 2.78 270 281 317 331 3.00
1B 345 3.65 3.10 2.59 320 311 249 170 2.28 2.39

Potassium

Control 0B 580 4.90 4.50  3.83 476 521 468 401 392 325 397 3.8
1B 517 5.66 571 6.06 5.65 250 379 415 428 3.68

Sil 0B 495 5093 7.09 540 584 574 477 508 490 285 440 435
1B 522 624 571 5.35 5.63 370 517 424 410 4.30

8i2 0B 459 5.89 6.02  6.51 575 546 343 361 397 459 390 3.85
1B 660 522 473 415 5.17 4.59 432 330 294 379

Mean (S) 5.39 5.64 5.63 5.22 Mean(B) 3.95 433 408 3.67 Mean (B)

Mean (B*S) 0B 511 5.57 5.87 525 5.45 4.30 424 427 357 4.09
1B 3566 571 5.38 519 5.48 360 443 38 3.78 3.92
Nitrogen Phosphorus Potassium
2001-2002 2002-2003 2001-2002 2002-2003 2001-2002 2002-2003

LSDyes

3] 0.23 0.43 0.24 0.25 NS NS

(A) 0.57 0.37 0.20 0.22 NS 0.73

B) NS 0.30 0.17 0.18 NS NS

S*A 0.35 0.74 0.41 0.43 1.11 1.47

A*B 0.70 0.52 0.29 0.31 0.79 NS

B*S NS 0.61 0.33 0.35 NS NS

S*A*B 0.99 1.05 0.58 0.61 1.60 2.07

8: Soil salinity levels, A: Silicon treatment (8i 1 = 250 ppm Si0; and 8i 2 = 1000 ppm Si0y), B: Boron treatment (0B
= Tap water and 1B =235 ppm boron), NS: Non Significant

In this respect, Schon e al. (1990} noted that B deficiency induced inhibition of H'-ATPase
activity causesa decrease in cation uptake, such as K'. Moreover, El-Magid et o/ (2000) reported that,
spraying wheat with B as boric acid at 0.06% reduced N content. Meanwhile, Shaaban et al. (2004)
reported on wheat that, the highest uptake of K and Ca was obtained with foliar application of B
(25 or 50 ppm), which suggested that boron stimulates metabolic functions facilitate absorption and
translocation of these nutrients, especially in plants grown under lime stress conditions.
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Table 10:  Sodium, calcium and magnesium concentrations (mg g' D.W) in grains of wheat plants sprayed by different
levels of silicon and boren grown under different levels of soil salinity in pot experiment during two successive
seasons (2001-2002 and 2002-2003)

Season
2001- 2002 2002- 2003
Soil sal.(ppm) Soil sal.(ppm)
Mean Mean Mean Mean
0 2000 4000 6000  (A*B) (A) O 2000 4000 6000 (A*B) (A)
Sodium
Control 0B 099 1.26 1.71 1.64 140 159 084 115 130 137 116 1.36
1B 103 1.56 202 251 1.78 099 141 168 213 155
Sil 0B 080 1.18 1.56 1.30 121 128 118 187 198 092 149 141
1B 122 1.52 1.22 1.41 1.34 145 175 115 099 134
Si2 0B 073 111 1.49 1.11 111 121 134 164 183 073 138 1.25
1B 137 111 1.45 1.30 1.31 126 1.22 111 092 113
Mean (S) 103 1.29 1.58 1.54 Mean(B) 1.18 1.51 1.51 1.18 Mean (B)
Mean (B*S) 0B 084 1.18 1.59 1.35 1.24 1.12 1.5 1.70 1.01 1.34
1B 121 140 1.56 1.74 1.48 123 146 131 135 1.34
Calcium
Control 0B 267 1.03 1.42 1.20 1.58 145 1.94 28 253 202 235 205
1B 130 1.22 0.91 1.81 1.31 094 198 220 191 176
Sil 0B 160 1.70 1.20 1.29 145 168 1.53 241 170 459 256 214
1B 198 145 1.73 2.51 1.92 1.87 138 1e4 197 172
Si2 0B 188 1.78 1.35 1.09 153 146 130 198 371 375 269 315
1B 170 1.60 140 091 1.40 1.98 277 481 490 362
Mean (S) 1.86 146 1.34 1.47 Mean(B) 159 224 277 319 Mean (B)
Mean (B*S) 0B 205 1.50 1.32 1.19 1.52 1.59 243 265 345 2.53
1B 166 142 1.35 1.74 1.54 1.60 204 288 293 2.36
Magnesium
Control 0B 092 0.90 0.81 0.96 090 098 09 077 074 059 075 078
1B 091 1.17 1.18  0.98 1.06 0.67 08 083 086 0.8
Sil 0B 078 081 1.23 1.25 102 082 058 077 032 071 065 080
1B 043 057 072 0.74 0.61 084 079 114 1.01 0.9
8i2 0B 091 0.77 1.24  0.88 095 081 075 058 0% 094 079 081
1B 065 0.86 0.66  0.54 0.68 089 074 0838 082 0.83
Mean (S) 0.77 0.85 0.97 0.89 Mean (B) 0.77 075 084 082 Mean (B)
Mean (B*S) 0B 087 0.83 1.09 1.03 0.96 074 071 072 0.75 0.73
1B 065 0.87 0.85 0.75 0.78 080 080 0955 089 0.86
Sodium Calcium Magnesium
2001-2002 2002-2003 2001-2002 2002-2003 2001-2002 2002-2003
LSDy o5
) 0.13 0.17 NS NS 0.13 0.07
(A) 0.11 0.10 0.23 NS 0.11 NS
B) 0.09 NS NS NS 0.09 0.05
S*A 0.23 0.20 NS NS 0.23 0.12
A*B 0.16 0.14 0.32 NS 0.16 0.09
B*S 0.19 0.16 NS NS 0.19 0.10
S*A*B 0.32 0.29 0.64 0.74 0.32 0.17

S: Soil salinity levels, A: Silicon treatment (Si 1 = 250 ppm Si0; and Si 2 = 1000 ppm Si0;), B: Boron treatment (0B
= Tap water and 1B =235 ppm boron), NS: Non Significant

Also, Lopez-Lefebre ef al. (2002) noted that, increasing B application (5, 10 and 20 mmol L™
H.BO.) induced a general improvement in the nutritional state, particularly of the essential
macronutrients N and P in tobacco plants (Nicotiana tabacum 1..) which could explain the positive
effects of B on increase dry-material production in the roots and leaves.

Organic Components

Concerning the effects of salinity on studied organic components of wheat plants, there is a
gradual reduction on total chlorophyll of the two successive seasons by increasing salinity level
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Table 11: Nitrogen, phosphorus, potassium, sodium, calcium and magnesium concentrations (mg g~! D.W.) in shoots
as well as grains of wheat plants sprayed by different levels of silicon and boron grown under saline field (4400
ppm) experiment.

Nitrogen Phosphorus Potassitm
Mean — -—----emeemeemeee- Mean

Treatments 0B 1B 2B (b) 0B 1B 2B (b)
Shoot
Control 2812 30.15 2564 2797 4.87 4.67 402 452 19.02  28.66 31.97 2655
Sil 3607 3131 25.04 3081 413 2.82 6.60 452 2725 29351 30.57 2911
Si2 3445 3475 2271 3064 221 5.93 472 429  31.73 3228 27.11 3037
Si3 3668 4254 2423 3448 417 3.95 6.09 473 2547 2905 3422 2938
Mean (a) 33.83 3469 2441 3.85 4.34 5.36 25.87 29.88 30.97
L8Dqps a=193b=1.07 a*b =1.85 a=046b=033a*b=057 a=134b=091a*b=1.59

Sodium Calcium Magnesitm
Control 7.41 6.54 9.44  7.80 6.27 3.92 505 508 581 4.05 6.49 5.45
Sil 5.74 522 442 512 3.45 3.46 522 404 290 2.80 6.36 4.02
Si2 6.09 6.96 5.69 625 4.23 3.70 702 498 248 1.78 3.58 2.61
Si3 5.27 6.82 6.70 626 6.80 6.63 485 6.09 443 4.15 4.51 4.36
Mean (a) 6.13 6.38 6.56 5.19 4.43 5.53 3.90 3.20 5.23
L8Dqps a=NSb=0.26a*b =044 a=034b=025a*b=043 a=026b=019a*b=0.33
Grains Nitrogen Phosphorus Potassitm
Control 1540 1313 1227 13.60 3.80 3.09 276 322 548 4.36 3.69 4.51
Sil 1452 13.63 1247 1354 456 3.61 351 389 557 4.46 4.15 4.73
Si2 10,34 1424 21,93 1550 3.70 4.03 245 339 420 6.04 532 519
Si3 1581 1837 1538 1652 3.53 4.26 2.56 345 538 4.25 4.76 4.80
Mean (a) 14.02 1481 1551 3.90 3.75 2.82 516 4.78 4.48
L8Dqps a=020b=0.69 2% =1.19 a=0.16b=0.05a*b=0.09 a=NSb=063a*=110

Sodium Calcium Magnesitm
Control 0.72 0.31 0.89 064 5.18 4.60 539 3506 140 1.2¢ 1.53 1.41
Sil 0.82 0.31 0.54 056 6.99 5.16 504 373 142 1.25 1.38 1.35
Si2 0.79 1.27 0.69 092 6.89 5.21 493 568 111 1.39 1.23 1.24
Si3 0.84 0.87 1.02 091 5.26 5.92 46l 526 132 1.37 1.37 1.35
Mean (a) 0.79 0.69 0.79 6.08 5.22 4.99 1.31 1.33 1.38
L8Dqps a=NSb=0.32a*=0.55 a=041b=029a*=0.51 a=NSb=006a*=011

b: Silicon treatment, Si 1 = 250 ppm Si0,, 8i 2 = 500 ppm 8i0,, Si 3 = 1000 ppm Si0,, (a) Boron treatment, 0B =
Tap water, 1B = 25 ppm boron, 2B = 30 ppm boron, N8: Non Significant

when compared with control plants grown under non-saline soil (Table 12). In this respect,
El-Bagoury ef af. (1999) suggested that, biosynthesis of chlorophylls in generally might be inhibited
by the depressive effect of stress conditions on the absorption of some ions involved in the chloroplast
formation, such as Mg and Fe and/or an increase of growth inhibitors, such as ethylene or abscisic acid
production which enhance senescence. Salt could induce weakening of protein-pigment-lipid complex
thus decreasing chlorophyll concentration (Strogonove ef al., 1970) or increased chlorophyllase activity
(Stivesev ef af., 1973).

In addition, the higher values of total sugars, free amino acids, soluble phenols and proline
concentrations were detected in saline-stressed plants and these increases were more pronounced at
the highest salinity level (Table 12 and 13).

In this respect, Hanafy Ahmed ef af. (2002b) working on wheat mentioned that salimzed plants
accurnulated soluble carbohydrate and showed a remarkable higher levels of amino acids, soluble
phenols and proline for osmoregulation. This might be explained on the assumption that such
salt-stressed plants could have less efficiency to condensate simple organic compounds into more
complex ones. Margna (1977) reported that the major determinant of phenol production is the supply
of the prerequisites for its synthesis, namely the amino acid precursor’s phenylalanine and tyrosine.

Under pot experiment, in the second season, the total free-polyamines concentrations gradually
increased with increasing salinity level then decreased under the highest salinity level (6000 ppm), but,
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Table 12:  Effect of silicon and boron spraying at different levels on concentrations of total chlorophyll in leaves (mg g™!
F.W.) as well as total sugars (mg glucose/g F.W.) and total free amino acids (mg ¢! F.W.) in shoots of
wheat plants grown under different soil salinity levels in pot experiment during two successive seasons (2001-
2002 and 2002-2003)

Season
2001- 2002 2002- 2003
Soil sal.(ppm) Soil sal.(ppm)
Mean Mean Mean Mean
0 2000 4000 6000  (A*B) (A) 0 2000 4000 6000 (A*B) (A)
Total chlorophyll
Control 0B 300 284 2.53 2.45 271 216 352 250 239 204 261 242
1B 212 1.92 148  0.94 1.62 29 223 1% 1.75 223
Sil 0B 351 3.32 327 317 332 265 334 315 281 265 299 265
1B 190 211 1.88  2.03 1.98 288 256 213 1.65 231
Si2 0B 350 3.19 296 2.94 315 247 285 260 230 1.82 239 2355
1B 175 1.88 1.82 1.69 1.79 342 3514 237 1.89 271
Mean (S) 263 254 232 220 Mean (B) 316 270 233 1.97 Mean(B)
Mean (B*S) 0B 3.34 3.12 292 285 3.06 324 275 250 217 266
1B 192 197 1.73 1.55 179 3.09 264 215 176 241
Total sugars
Control 0B 10.87 11.07 1821 2666 1670 1651 10.86 1422 1698 2018 1556 14.96
1B 12.69 1872 1923 1463 16.32 12.83 1340 17.24 13.94 14.35
Sil 0B 10.64 10.64 9.29 11.16 1043 13.00 979 10,67 7.27 982 939 11.27
1B 1690 1533 1948 1058 15.58 13.01 11.72 13.27 14.60 13.15
Si2 0B 13.61 1050 1234 1056 11.75 11.90 11.34 12.65 13.73 1524 13.24 1331
1B 10.01 1321 1294 1203 12.05 11.58 12.82 13.85 1529 13.38
Mean (S) 12.45 1325 1525 1427 Mean (B) 11.57 12.58 1372 1484 Mean(B)
Mean (B*S) 0B 11.71 1074 13.28 1613 12.96 10.67 12.52 12.66 15.08 12.73
1B 13.20 1576 17.22 1241 14.65 1247 12.65 14.79 14.61 13.63
Total free amino acids
Control 0B 270 3.93 558 504 432 443 221 247 187 183 210 241
1B 166 217 8.01 6.31 4.54 234 255 3.08 297 273
Sil 0B 265 7.87 3.27 641 505 588 231 202 183 148 191 2353
1B 559 836 547 745 6.72 269 391 303 298 3.15
Si2 0B 422 3.27 139 245 2.83 290 223 263 197 227 227 265
1B 140 3.89 39 2.65 2.96 265 328 314 3.08 3
Mean (S) 3.4 491 4.61 4.72 Mean(B) 241 281 249 243 Mean (B)
Mean (B*S) 0B 319 5.02 34 4.64 4.07 225 237 18 1.86 2.09
1B 283 4.80 5.80 547 4.74 256 324 3.08 3.01 2.97
Total sugars Total free amino acids
2001-2002 2002-2003 2001-2002 2002-2003
LSDyes
(6] 0.74 0.66 0.48 0.07
(A) 0.64 0.57 0.41 0.06
B) 0.52 0.47 0.34 0.05
S*A 1.28 1.15 0.83 0.12
A'B 0.90 0.81 0.59 0.09
B*S 1.04 0.94 0.68 0.10
S*A*B 1.81 1.62 1.17 0.17

8: Soil salinity levels, A: Silicon treatment (8i 1 = 250 ppm Si0; and 8i 2 = 1000 ppm Si0y), B: Boron treatment (0B
=Tap water and 1B =25 ppm boron), N8: Non Significant

still higher than control non-saline plants (Table 14). These results are in agreement with those
obtained by Santa-Cruz et af. (1997) on tomato and Hanafy Ahmed ef of. (2002a) on Adyrtus communis
plants. Katiyar and Dubey (1990) working on rice, indicated that NaCl stress induced accumulation
of Polyamines (PAs) which possibly might helping the cells in maintaining more favorable ionic
environment and in regulating cellular pH.

Recently, Legocka and Kluk (2005) reported that salinity stress (NaCl 260 mM) induced
biosynthesis of Putrescine (Put) and other PAs in the roots, as well as induced Put accumulation
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Table 13: Effect of silicon and boron spraying at different levels on concentrations of total soluble phenol (mg g™ F.W.)
and proline (mg g™' D.W.) in shoots of wheat plants grown under different soil salinity levels in pot
experiment during two successive seasons (2001-2002 and 2002-2003)

Season
2001- 2002 2002- 2003
8ol sal.(ppm) Soil sal.(ppm)
Mean Mean Mean Mean
0 2000 4000 6000  (A*B) (A) O 2000 4000 6000 (A*B) (A)
Total soluble phenol
Control 0B 09 171 1.60 2.10 1.5¢ 154 164 129 185 111 147 145
1B 160  1.65 1.77 0.95 1.49 112 140 178 146 144
Sil 0B 0.90  0.90 2.66 2.90 1.84 150 1.38 149 060 066 1.03 0.86
1B 074  1.70 1.43 0.77 1.16 090 048 049 092 070
8i2 0B 0.54  0.90 2.66 2.90 175 121 1.27 136 174 200 159 135
1B 042 076 0.89 0.66 0.68 085 121 104 133 111
Mean (S) 0.8 1.27 1.83 1.71 Mean (B) 1.19  1.20 1.25 1.25 Mean(B)

Mean (B*S8) 0B 0.79 117 230 263 172 143 138 140 126 136
1B 092 137 136  0.79 111 0% 1.03 110 124 1.08

Proline

Control OB 280 465 4.80 5.29 441 442 23 366 514 569 421 466
1B 324 486 4.64 5.02 4.44 510 504 516 511 510

Sil OB 539 3542 5.09 5.63 538 546 3536 522 522 323 476 466
1B 556 332 5.54 5.52 5.53 538 330 409 547 456

Si2 OB 540 545 5.36 5.58 545 527 347 540 571 349 552 3505
1B 453 515 546 5.25 510 387 564 562 320 458

Mean (8) 4.50 518 5.15 5.38 Mean (B) 439 471 516 4.70 Mean (B)

Mean (B*S) 0B 4356 517 508 550 508 439 476 536 480 4.83
1B 445 518 5.21 5.26 502 478 466 49 459 475

Total soluble phenol Proline
2001-2002 2002-2003 2001-2002 2002-2003
LSDy 05
[&)] 0.05 0.10 0.31 0.16
(A) 0.05 0.08 0.26 0.14
(B) 0.04 NS NS NS
S*A 0.09 0.17 0.53 0.28
A'B 0.07 0.12 0.37 0.20
B*8 0.08 0.14 0.43 0.23
S*A*B 0.13 0.24 0.75 0.39

S: Soil salinity levels, A: Silicon treatment (Si 1 = 250 ppm Si0; and Si 2 = 1000 ppm Si0;), B: Boron treatment (0B
= Tap water and 1B =235 ppm boron), NS: Non Significant

in the leaves, which might indicate for translocation of Put from the roots to the shoot in lupin
(Lupinus futeus L. var. Ventus). In this connection, Willadino ef &f. (1996) pointed out that Put is
synthesized in plants from argimne and/or ornithine by the action of the biosynthetic enzymes
Arginmine Decarboxylase (ADC) and Ormithine Decarboxylase (ODC). ADC activity showed significant
increments in relation to salt stress, which may be related to Put and some amino acid variations.
Several studies have demonstrated that the accumulated Put in stressed tissues is derived from L-
argining and 1s due largely to increased activities of the ADC pathway. Krishnamurthy and Bhagwat
(1989) pointed out that the Put accumulation observed in rice in response to salt stress might have
resulted from an enhancement of Put synthesis, alternatively, from an inhibition of spermidin and
spermin synthesis through the inhibition of the activity of the enzyme S-adenosylmethionine.
Starvation of K might accumulate Put in leaves to replace K as a result of unbalanced uptake of ions
under saline conditions to reflect a homeostatic mechanism for controlling cellular pH in highest plants
(Watson ef al., 1998).

Concerning the effect of silicon on organic components, the pot experiment of both seasons, total
chlorophyll concentrations increased by silicon foliar application, especially at the lowest level of
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Table 14: Total free polyamine concentration (mmol Put/g F.W.) in shoots of wheat plants sprayed by different levels
of silicon and boron grown under different soil salinity levels in pot experiment during season 2002-2003
Soil sal. (ppm)

Mean Mean
0 2000 4000 5000 (B*A) (A)
Control OB 2.539 2.986 4.080 4,994 3.650 3.613
1B 3.439 3.593 3.860 3646 3.636
Sil OB 4.027 2.892 3.173 3.366 3364 3.024
1B 2.225 1.932 34 3.133 2.684
Si2 OB 3.206 3.539 4.387 4,727 3.965 3.593
1B 2.752 3.586 4.260 2.285 3221
Mean (8) 3.031 3.088 3.869 3.692 Mean (B)
Mean (B*S) 0B 3.257 3139 3.880 4.362 3,600
1B 2.806 3.037 3.858 3.021 3.180

8: Soil salinity levels, A: Silicon treatment (8i 1 = 250 ppm Si0; and 8i 2 = 1000 ppm Si0y), B: Boron treatment (0B
=Tap water and 1B =25 ppm boron) NS: Non Significant

Table 15: Effect of silicon and boron spraying at different levels on concentrations of total chlorophyll in leaves (mg g*
F.W.) as well as proline (mg g~! D.W.), total free polyamine (m mol Put/g F.W.), total sugars (mg glucose/g
F.W.), total free amino acids (mg g F.W.) and total soluble phenol (mg g~' F.W.) in shoots of wheat plants
grown under saline filed (4400 ppm) experiment

Total chlorophy 1l Proline Total free polyamine

----------------------------- Mean — --------emeemeemeemeeme—-- Mean --m-em-emeemeeeeee oo Mean
Treatments 0B 1B 2B (b) 0B 1B 2B (b) 0B 1B 2B ()]
Control 0.63 2.10 0.54 109 3.15 2.07 335 286 1264 3.733 3.853 2950
Sil 1.36 0.62 .14 1. 1.87 2,22 219 210 1.858 2779  4.033 2.890
Si2 2.34 0.72 120 142 1.33 1.9 251 192 1918 2592 3473 2.661
Si3 2.02 1.4 1.58 1.81 1.84 2.26 194 201 2752 3.032 4467 3417
Mean (a) 1.59 1.32 1.12 2.05 2.12 2.50 1.948  3.034 3.956

Total sugars Total free amino acids Tatal soluble phenol

Control 19.7 27.9 292 256 1049 6.02 938 863 111 0.82 1.31 1.08

Sil 181 10.5 189 159 3.14 9.91 500 602 168 0.88 1.23 1.27
Si2 17.3 21.1 15.1 17.8 4.11 4.88 698 532 04 0.73 141 0.86
Si3 16.1 26.9 27.1 234 351 4.79 311 380 101 1.05 113 1.06
Mean (a) 17.8 21.6 22.6 5.31 6.40 6.12 1.06 0.87 1.27

L8Dgg a=NS b=2.08axb=3.59 a=040b=065axb=1.12 a=019b=018axb=0.31

b: Rilicon treatment, 8i 1 =250 ppm $i0, 8i 2 = 500 ppm 8i0,, 8i 3 = 1000 ppm Si(;, 2B = 50 ppm boron, N8: Non
Significant

silicon under both non-saline and saline soil conditions (Table 12, 15). Meanwhile, under field
experiment chlorophyll concentration increased at the higher levels of silicon, e.g., 500 and 1000 ppm.
Similar results were reported by Trivedi ef ¢f. (2004) on wheat.

In these respect, Ma er @l (2004) reported that, under drought stress silicon decreased the
decomposition of chlorophyll in cucumber plants, limited plasma membrane permeability, alleviated
malondialdehyde content in leaves, as well as the activities of peroxidase, superoxide dismutase and
catalase. These physiological biochemical reactions showed positive correlations with the amount of
silicon supply.

Total chlorophyll concentrations decreased by boron foliar application either alone or combined
with silicon under both non-saline and saline soil conditions when compared with control boron
non-sprayed plants. Also under ficld experiment, revealed that, chlorophyll decreased by increasing
boron concentration. Similar results were reported by Hanafy Ahmed et al. (1996) on faba bean.

Concerning total sugars concentration, both pot experiments, silicon either alone or combined
with boron under saline soil conditions significantly decreased total sugars concentration. However,
under non-saline soil conditions a reverse trend was obtained with some exceptions. Meanwhile, total
soluble phenols concentration was decreased in shoots of both seasons when compared with
control non-sprayed plants under both saline and non-saline soil conditions. In this respect,
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Hanafy Ahmed ez of. (2002b) suggested that silicon could inhibit the synthesis of total soluble phenols
under saline soil conditions. Moreover, Parry and Kelso (1975) reported that, Si seems to influence
the content and metabolism of polyphenols in xylem cell walls.

In addition, in both pot experiments, silicon either alone or combined with boron significantly
increased total free amino acids and proline concentrations in shoots under both non-saline and saline
soil conditions when compared with control non-sprayed plants, with some exceptions. In field
experiment, silicon significantly decreased total sugars, total free amino acids, total soluble phenols and
proline concentrations in shoots when compared with control non-sprayed plants. In this connection,
Hanafy Ahmed ef al. (2002b) noted that, the favorable effects of silicon on alleviating the harmfiil
effects of salinity on wheat plants could be indirectly through increase the ability of plants under
salinity stress to condensate simple organic compounds, e.g., sugars, free amino acids, soluble phenols
into more complex ones, ¢.g., carbohydrates, protein, polyphenols. They added that, silicon might be
an adaptive response to salinity, through raising proline concentration. In addition, Schmidt et al.
(1999) noted that silicon might positively affect the activity of some enzymes involved in the
photosynthesis of turfgrass

Regarding the effect of boron, total sugars and total free amino acids concentrations significantly
increased in shoots by boron foliar application in both pot experiments especially under high salinity
levels. Also, total sugars, total free amino acids and proline concentrations increased under field
experiment when compared with control boron non-sprayed plants. However, proline concentration
in shoots of both pot experiments did not affected by boron spraying. On the other hand, total soluble
phenols concentration in shoots was significantly decreased in the first season of pot experiment as
well as under field conditions at the lower level of boron (25 ppm) (Table 12, 13 and 15).

In this connection, Mengel and Kirkby (1979) pointed out that B might modify the activity of
the enzyme 6-phosphogluconate dehydrogenase by complexing with its substrate 6-phosphogluconate.
The enzyme regulates the first step in the pentose phosphate pathway. It is therefore argued that
when B is present the activity of the pentose phosphate pathway is decreased in favor of glycolysis.
On the other hand, when boron is deficient the pentose phosphate pathway is favored and
consequently induces the accumulation of phenolic compounds. They added that B and Cu may have
possible effects on DNA and RNA synthesis, which could increase the rate of protein synthesis.

In this respect, Eweida ef al. (1984) reported that spraying sugar beet plants with boron at 100
ppm gave the highest sugar concentration. Moreover, Acerbo ef al. (1973) and Dugger (1983)
mentioned that the conversion of soluble sugars or sugar phosphate to starch was inhibited by boron
deficiency in plants.

Concerning the effect of silicon and/or boron on concentration of total free-polyamines, under pot
experiment conditions, all studied treatments reduced total free-polyamines when compared with
control non-sprayed plants especially under saline soil conditions with some exceptions (Table 14).
In this connection, Watson ef of. (1998) reported that, boron deficiency induced free putrescine
accumulation in Arabidopsis due to the differential and unbalanced uptake of ions and cell pH. So, it
may be suggested that boron could rebalance the uptake of ions resulting in rebalance in cell pH, leading
to decrease total free-polvamines level under different salinity levels as compared with control
non-sprayed plants. Moreover, Camacho-Cristobal ef af. (2005) working on tobacco plants reported
that, levels of free Put and Spd in leaves were similar in both boron-sufficient and boron-deficient
plants. However, boron-deficient plants had higher conjugated polyamine concentration than
boron-sufficient plants.

Under field experiment, both silicon levels, i.e., 250 and 500 ppm lowered total fres-polyamines,
while the highest level (1000 ppm Si0,) increased it when compared with control non-sprayed plants.
On contrary, a reverse trend was recorded for the plants treated with boron. This means that
polyarmines increased with increasing boron concentration either alone or combined with silicon when
compared with control non-sprayed plants.
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In this connection, it is well known that polyamine metabolism is altered in response to an
inadequate nutrition in K, Mg or P (Slocum et al., 1984). For example, free putrescine dramatically
increases in K-deficient plants, suggesting that polyamines could play a role in maintaining
cation-anion balance in plant tissues (Flores and Martin-Tanguy, 1991). Inrelation to the short-term
effacts caused by boron deficiency, Camacho-Cristobal ef al. (2002) have described an accumulation
of caffeoylputrescine in leaves from boron-deficient tobacco plants, which lead to suggest a possible
role of boron in polyamine metabolism.

Several detrimental effects attributed to salinity stress on most of the studied growth characters
might be partially due to an increase in the total free polyamine concentrations. In this respect, Smith
(1977) stated that salt stress caused a significant change in intracellular concentrations of polyamine.
Morcover, Di Tomaso ef e, (1989) pointed out that excess Put may have some negative effects on comn
plant. Hsiao (1973) reported that Put rise appears to be more sensitive to turgor deficit, causing
inhibition of cell growth, cell wall synthesis and ABA accumulation. Moreover, N'Doye ef af. (1994)
working on tomato, proposed that a high PA content in light might have a deleterious effects on the
photosynthetic apparatus. Additionally, Strogonove (1973) noted that, Put feeding is the direct cause
of the necrosis observed in salt-stressed plants. Thus, it appears that, the effect of silicon and boron
foliar application on decreasing PAs accumulation might be indirectly implicated on reducing the hazard
effects attributed to salinity stress on most of the studied growth characters.

Concerning plant hormones concentrations in the shoots of plants growing under pot experiment
in the second season, gradual decreases were detected in [AA, GA, and CK with increasing salimity
level (Table 16). Meanwhile, an opposite trend was obtained with abscisic acid (ABA). These findings
are in agreement with those obtained by El-Shafey ef al. (2003) and Nesiem and Ghallab (1999) on
wheat plants.

In this respect, Zeinab and Sallam (1996) reported that with increasing salimity level, the
tryptophan synthase ¢-monomers were gradually dissociated from the oligomers producing less active

Table 16: IAA, GA, ABA and CK concentrations (ng ' F.W.) in shoots of wheat plants sprayed by different levels of
silicon and boron grown under different soil salinity levels in pot experiment during season 2002-2003

TAA GA
8ol sal.(ppm) Soil sal.(ppm)
Mean Mean Mean Mean
0 2000 4000 6000  (A*B) (A) 0 2000 4000 6000 (A*B) (A)

Control 0B 1950 831 258 1.72 803 834 1419 0985 851 574 9.57 11.25
1B 1623 950 7.04 1.83 865 1919 1833 1014 404 1293

Sil OB 644 5.60 559 159 481 397 2223 1761 765 679 1357 1642
1B 715 213 212 L12 313 3411 2096 1634 570 1028

si2 0B 2893 11.03 735 449 1295 13.08 2553 1520 13.50 7.68 1548 27.00
1B 3158 1458 487 181 13.21 5473 3350 3349 3310 3871

Mean (8) 1831 853 492 209  Mean(B) 2833 1924 1494 1051 Mean (B)

Mean (B*S) 0B 1829 831 517 2.60 8.59 2065 1422 980  6.74 12.87
1B 1832 874 468 150 8.33 3601 2427 1999 1428 23.64

ABA CK

Control 0B 395 o612 634 1040 670 59 3241 2302 2070 1889 2375 12033
1B 126 502 718 7.290 519 24692 240.44 247.73 13252 216.90

sil 0B 1.80 4.60 517 561 430 488 19934 11960 §7.58 4923  113.94 137.97
1B 353 494 636 7.06 547 23452 20968 121.47 8233 162.00

si2 0B 1.53 205 294 1243 473 568 28045 213.30 15860 13514 196.87 234.03
1B 216 3.63 813 1260 663 371.05 257.32 231.99 22437 27118

Mean (8) 237 430 602 923 Mean (B) 22745 177.23 144.68 107.08 Mean (B)

Mean (B*S) 0B 243 425 482 9048 5.24 170.73 118.64 8896 67.75 111.52
1B 232 45 722 898 576 28116 235.81 20040 146.41 216.69

8: Soil salinity levels, A: Silicon treatment (8i 1 = 250 ppm Si0; and 8i 2 = 1000 ppm Si0y), B: Boron treatment (0B
=Tap water and 1B =25 ppm boron), N8: Non Significant
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isoenzyme. This reduced the biosynthesis of L-tryptophan and consequently TAA. Also, CK activity
decreased with increasing salt stress in barley plants. They added that, gibberellin inhibitors
accurnulated, so plant growth was retarded or even stopped.

Silicon either alone or combined with boron under different salinity levels increased GA; and CK
concentrations. The boron-silicon combinations have the superiority effect. However, no constant
trend could be detected from spraying silicon on IAA. TAA decreased by the lowest level of silicon
cither alone or combined with boron, while a reverse trend was detected at the highest level of silicon
cither alone or combined with boron. On the other hand, ABA concentration decreased by both levels
of silicon either alone or combined with boron when compared with control non-sprayed plants, with
some exceptions under high salinity levels. Silicon sprayed alone has the superiority effect on
decreasing ABA than silicon combined with boron.

It could suggest that, reducing the transpirational loss of water as a beneficial effect of silicon
under saline soil conditions might increase the cell furgor, which could be more helpfully in rebalancing
phytohormones levels through its effect on either the biosynthesis (Amzallage e @l., 1992) or its
destruction. The enhancement of the phytohormone levels in treated plants within a suitable
concentration range might improve plant growth and yield of wheat plants. Al-aghabary er af. (2004)
studied the influence of silicon (2.5 mM), sodium chloride (NaCl 100 mM) and Si (2.5 mM) + NaCl
(97.5 mM) supply on H,0, level and activities of some enzymes related to antioxidation protection
against the potentially cytotoxic forms of activated oxygen under salinity. Silicon partially offset the
negative impacts of NaCl stress by raising superoxide dismutase and catalase activities. Also, Si
addition decreased ascorbate peroxidase activity and significantly reduced H,0O, level in the leaves of
salt-treated plants (Rout and Show, 2001). It could be suggested that, silicon might alleviate the effects
ofsalt stress by reducing peroxidase activity, which led to increase IAA by decreasing its degradation.

Concerning the effect of boron foliar application on plant hormones concentrations in shoots, data
in Table 16 revealed that, boron increased GA, and CK concentrations reaching about 10-fold either
alone or combined with silicon as compared to control non-sprayed plants under both non-saline and
saline soil conditions. Moreover, boron either alone or combined with silicon decreased ABA under
both non-saline and saline soil conditions, except of a slight increases were found at 4000 or 6000 ppm
soil salinity. However, no constant trend could be detected for boron on TAA.

In this respect, Hanafy Ahmed et af. (1996) noted that, boron treatments (25, 50 and 75 ppm)
increased CK and GAs, but free auxins were drastically reduced by all boron treatments on faba bean,
while ABA did not affect except of an increase was recorded with 75 ppm B treatment. Moreover,
Hanafy Ahmed ez of. (1999) noted that, boron foliar application (0.0, 100, 250 and 500 ppm as boric
acid) increased TAA and GAs in peas plants shoots, while ABA tended to decline.

In this connection, Wagner and Michael (1971) and Maynard and David (1987) reported that,
B deficiency has been found to depress CK concentrations but an increase in IAA production was
obtained as a result in the reduction of IAA oxidase activity. Moreover, Das (2000) noted that
boron deficiency induced dramatic increase in the activity of TAA oxidase in the roots which falls
rapidly when boron is supplied. Moreover, Srivastava and Gupta ({1996) noted that boron could
regulate endogenous auxin in plants by protecting the [AA oxidase system through complexation of
o-diphenols; inhibitors of TAA oxidase. Excessive auxin activity found under B deficiency could cause
excessive proliferation of cambial cells, rapid and disproportionate enlargement of cells and collapse
of nearby cells.

It is well known that, in response to various environmental stresses, such as drought and
salinity, stomata is close as a process that involves the phytohormone ABA (Schroeder ef al., 2001).
Tanaka ef al. (2005) found that, CK and auxins inhibit the effects of ABA on induced stomatal closure.
Also, CK decreased the decomposition of chlorophyll and photosynthesis. So, It could suggest that,
the reducing of the transpirational loss of water as a beneficial role of silicon (Agrie ef ef., 1992), could
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kept the transpiration rate at a relatively steady rate during stress, leading to increase the cells turgor
which might be more helpful in rebalancing of phytohormones by increasing TAA, GA and CK and
decreasing ABA which was reflected on improving plant growth and consequently on vield of wheat
plants.

CONCLUSION

In conclusion, the results of this study highlight the role of silicon in improving wheat yield
under non-saline or saline soil conditions either alone or combined with boron. We suggest that
under non-saline soil conditions silicon should be spraved by concentration 250 ppm combined with
0.25 ppm boron at 40 and 70 days after sowing with under investigation study significantly increased
grains vield/plant. Furthermore under different saline soil all levels of silicon (250 and 1000 ppm Si0,
under pots experiment as well as 250, 500 and 1000 ppm SiQ, under ficld experiment) either alone or
combined with boron significantly increased grains yield/plant with some exceptions. However, the
lowest level of silicon combined with boron had the superiority effect in all measured yield
components under both pots and field experiments.
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