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Abstract: A field experiment was carried out in Fedymen village at Sannuris province, Fayoum governorate.
Egypt to study the effect of combination between three rates of potassium (0, 40 and 80 kg K O fed ) and foliar2

1

spray with nano-silicon fertilizers at four rates (0, 0.5, 1and 2 g L ) on growth parameters, yield and chemical1

composition of soybean plants grown under salinity soil condition. The results showed that salinity in soil
caused a significant reduction in plant growth parameters, yield and chemical composition (N, P, K, protein %,
total carbohydrates % and total oil % of seeds). While application of potassium fertilizer significantly increased
growth parameters and seed yield as compared to the control treatment (soil salinity). Data also showed that
the application of combination between potassium fertilizer and foliar spray of nano-silicon fertilizers
significantly increased growth, chemical contents of shoot and seeds and seeds yield of soybean plants as
compared to potassium application alone or control treatment.

Key words: Potassium  fertilizer   Nano-silicon (Si-NPs)  Growth parameters  Yield  Chemical
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INTRODUCTION is considered as a leguminous crop that is one of the most

Salinization is one of the cruelest environmental an excellent  intercropping  crop  for  the   human  diet
factors in agriculture, negatively affecting agriculture (soy sauce, soy milk, tofu, soy meal, soy flour, textured
development. The soils plagued by salinity are increasing vegetable protein) and feed animal consumption in the
day by day. Salinity is one of the major factors negatively developed  and  developing  nation [5-8]. It is the only
affecting agriculture development in arid and semi-arid low-cost plant food source that contains complete protein
regions. Osmotic changes may be induced by salt and provides all essential amino acids, carbohydrates,
accumulation in soils, interfering with the process of fatty   acids   and   minerals  needed   for   human  health
nutrient uptake, enzymes inactivation and osmotic [5, 9, 10]. Its products have also been shown to be useful
adjustment is disturbed at the cytosol and vacuoles level. in the prevention and curing in bone resorption, inhibitor
Bad agriculture practices increase senility levels in  the ovarian, breast and carcinoma and other chronic heart and
soil and in the groundwater by the time to levels that kidney diseases [11-15]. Furthermore, it is utilized in some
negatively affect the plants growth and productivity. industrial products, including (oils, biodiesel, soap,
Salinization processes is one of the major abiotic stresses cosmetics, resins, plastics, inks, crayons, solvents and
that affect plant growth and development (for example, it clothing). Additionally, with its function within the
alters metabolic processes, induces nutritional disorders, process of biological N fixation thus, improving soil
ion toxicity and oxidative stress, disturbs the activity of fertility and structure [16]. Soybean is considered a salt
enzymes,  disorganizes  cell membranes, reduces cell sensitive crop [17, 18]. Several researchers [19-23]
expansion and division) and negatively affecting crop reported that under high salinity conditions, growth of
quality and productively [1-4]. Soybean (Glycine max L.) soybean is gradually affected; yield was reduced sharply.

important  cash  crops  worldwide.  It  is   considered  as
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Potassium, mostly as a cation-K , together with has a competing nature to sodium for binding and+

calcium-Ca  are the most abundant inorganic chemicals maintaining plant water status. [30-33] stated that2+

in plant cellular media, but they are rarely discussed. adequate K nutrition generally enhanced plant growth,
Potassium is not a component of molecular or biomass production and protein and oil percentage of
macromolecular plant structures, thus it is more difficult to soybean in saline soil conditions.
link it to concrete metabolic  pathways  than   nitrogen   or Silicon is one of the most prevalent macro elements.
phosphorus. Over the last two decades, many studies It is beneficial for plant growth and crop quality,
have reported on the  role of K  in several physiological stimulates photosynthesis, reduces  transpiration  rate+

functions, including controlling cellular growth and wood and enhances plant resistance to both abiotic and biotic
formation, xylem–phloem  water  content  and  movement, stresses such as water and nutrient imbalances [34-41],
nutrient and   metabolite   transport   and   stress heavy  metal toxicities [42], diseases and pests problems
responses. These essential roles of K  account for its high [43, 44]. The use of foliage spray of nano fertilizer+

concentrations in the most active plant organs, such as application on leaves by nanotechnology would be more
leaves and are consistent with the increasing number of effective in terms of getting maximum yield and reduce
ecological and agricultural studies that report K  as a key losses to reduce the harmful effect of soil salinity [45]. [46]+

element in the function and structure of terrestrial revealed that faba bean treated with Si and nano–silicon
ecosystems, crop production and global food security. gave bitter seed germination and growth parameters. In
Potassium plays several important roles affecting many addition, [47] showed that the application of silicon in
physiological processes related to stomatal behavior, nano and bulk size was beneficial in improving the salt
osmoregulation, enzyme activity, cell expansion, tolerance of tomato plants. Silicon nanoparticle has
neutralization  of no diffusible negatively charged ions improved seed germination and seedling growth of
and membrane polarization. In addition, potassium has a tomatoes (Solanum lycopersicum L.) under salinity stress.
promising regulatory role in seed germination and This research aimed to overcome or even alleviated salt
emergence [24-28]. The most of the potassium (K) in the stress to ensure sufficient food production by the use of
soil is not readily available for plant growth and potassium and nano-silicon fertilizer to promote plant
development. Potassium is associated with the movement growth.
of water, nutrients and carbohydrates within the plant.
These functions stimulate early growth, increase, protein MATERIALS AND METHODS
production and improve the efficiency of water use and
resistance to diseases and insects. Insufficient K has A field experiment was carried out in Fedymen village
difficulty  absorbing   water  and N from  the  soil, which at Sannuris province, Fayoum Governorate-Egypt to
might increase drought stress. Plants conserve water and study the effect of combination between potassium and
reduce moisture stress by closing leaf stomata (openings foliar spray with nano-silicon fertilizers on growth
on the undersides of leaves) mechanism, which is parameters, yield and chemical composition of soybean
regulated by K. Plants with inadequate K may be slower plants grown under salinity stress. Soil sample from the
at closing their stomata, which reduces protection from experimental  field  was  air-dried and  passed  through a
drought stress. Additionally, deficient plants may have 2-mm sieve and stored for laboratory analysis and
reduced energy making capacity via photosynthesis. Rot recorded in Table (1). The physical and chemical
diseases are among the most common and damaging properties of soil were determined according to [48, 49].
plant, diseases. The severity of stalk rot can be minimized Seeds of soybean (Glycine max L.) were taken from
with an optimum balance between K and nitrogen (N) Legume Crop Department, Ministry of Agriculture, Egypt.
levels in plant tissue. Soybean seeds variety “Giza 35” were sown on the 12  of

Pande et al. [29] reported that soybean plant stake up June. The size of each plot was 1/400 feddan (10.5 m ), 3.5
and remove large amounts of potassium from soil than m long and 3.0 m wide. Soybean seeds were inoculated
any other nutrient. However, under saline stress, plants with a specific strain of Rhizobium leguminosarum before
suffer from  potassium  deficiency  mainly  because of planting. After that, five seeds of soybean were sown in
the  excess  of  Na  in the rooting medium, which acts as a small hole and the distance between the holes was 15-+

an antagonist and decreases  the  availability  of K. cm. Soybean plants were thinned to three plants after their
Potassium contributes for tolerance against salinity as it full germination.

th

2
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Table 1: Chemical and physical characteristics of the investigated soil
Physical properties
-----------------------------------------
Sand Silt Clay Texture pH EC dSm CaCO  % OM %1

3

%
28.2 12.6 58.9 Clay 8.4 4.35 2.10 1.02

Soluble ion sand cation (meq.L )1

Ca Mg Na K CO HCO Cl SO3 3 4

2.3 2.9 31.8 1.7 - 13.7 15.9 8.5

The recommended doses of nitrogen and phosphorous
fertilizers for soybean were applied. The experiment was
laid out in a Complete Randomized Block Design with
three replicates. Potassium fertilizer was applied as
potassium sulphate (48%) at three rates of 0, 40 and 80 kg
K O fed . Foliar spray Nano-silicon fertilizers at four2

1

rates (0, 0.5, 1, and 2gL ). Four sprays at 3 weeks1

intervals were applied. The first was after 45 days of
cultivation. The control plants were sprayed with tap
water. The experimental treatments can be described as
follows:

Control (saline soil)
40 kg K O/ fed+water foliar spray.2

40kg K O/ fed+0.5 g. L  foliar spray with Si-NPs2
1

40kg K O / fed+1g. L  foliar spray with Si-NPs2
1

40kg K O / fed+2g. L  foliar spray with Si-NPs2
1

80kg K O / fed+ water foliar spray.2

80kg K O / fed+0.5 g. L  foliar spray with Si-NPs2
1

80kg K O / fed+1 g. L  foliar spray with Si-NPs2
1

80kg K O / fed+2 g. L  foliar spray with Si-NPs2
1

All agronomic practices other than experimental
treatments necessary for growth and development as
cultivation, irrigation and pest control were followed
whenever it was necessary and were done according to
the recommendations of the Ministry of Agriculture,
Egypt.  Soybean  harvesting was  performed  manually.
Ten plants were randomly selected from each plot in order
to determine: Plant height(cm), number of branches
plant , number of leaves plant , stem diameter (mm),1 1

number of nodules plant , shoots dry weight plant ,1 1

root dry weight plant , number of pods plant , number1 1

of seed pod  (g), the weight of 100 seed (g), Seed yield1

Kg fed and straw yield Kg fed . At harvest, seed and1 1

straw yields/plot were determined and then converted to
yields / feddan.

Chemical Constituents: Samples of soybean shoots and
seeds were oven-dried at 60-70°C for 48 h and their dry
weights and digested.

The concentrations of N, P, K, Ca and Na (%) in
digested dry straw and seeds were determined
according to the methods described by [50].
Crude protein and carbohydrates contents were
determined according to [51].
Proline percentage in leaves was determined
according to [52].
Oil content; of seed was determined according to [52]
using    soxhelt   apparatus   and   petroleum  ether
(40-60°C) as a solvent.
Nodule assessment was carried out as described by
[53].

Statistical Analysis: The obtained data were subjected to
statistical analysis of variance according to [54]. The least
significant differences (LSD) at P  0.05 level was used to
verify the difference among means of the treatments.

RESULTS AND DISCUSSION

 Effect of different rates of potassium  and  foliar
spray of Si-NPs on some growth parameters of soybean
plants under saline soil are presented in Table (2) from
which data revealed that in control soil, salinity condition
gradually caused a significant reduction the growth
parameters as compared to the other treatments. Several
researchers [55-58] demonstrated that accumulation of
salts particularly in the root zone resulted in a reduction
in plant growth and yield production. This phenomenon
is attributed to the osmotic effects of salt in plants the
uptake  of some mineral nutrients dissolved in water is
also restricted. They also illustrated that generally, soils
contain  some  water-soluble salts by other irrigation
ways. Plants may absorb essential nutrients in the form of
soluble salts as added in chemical forms, but excessive
accumulation  strongly  suppresses  either plant growth
or physical, chemical and biological degradation
processes, causing a serious consequence to global
natural resources such as compaction, inorganic/organic
contamination and diminished microbial activity/
diversity).

Excess of salt (Na  and Cl ) can also, cause the+ -

increased expenditure of energy on maintenance
respiration or ion transport, reduced energy for the
translocation of carbohydrates and diversion of
photosynthesis from growth to osmoregulation. Similarly,
were noticed by several authors [59-62]. Results revealed
that application of either 40 kg or 80 kg K O fed ,2

1

markedly increased growth parameters of soybean as
compared to control soil (untreated soil).
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Table 2: Effect of different rates of potassium and foliar spray of Si-NPs on some growth parameters of soybean plants grown under saline soil

Number of Number of Stem No. of Shoots dry Roots dry
Treatment Plant height (cm) branches plant leaves diameter (mm) nodules plant matter g plant matter g plant1 1 1 1

Control (saline soil) 42.68 2.89 12.70 3.82 23.02 8.51 0.31
40 K kg fed  +0 Si-NPs gL 46.34 3.42 15.50 5.10 27.42 9.12 0.381 1

40 K kg fed  +0.5 Si-NPs gL 50.09 3.81 17.40 5.44 30.81 10.89 0.421 1

40 K kg fed  +1 Si-NPs gL 58.65 4.10 19.70 5.83 33.14 12.89 0.531 1

40 K kg fed  +2 Si-NPs gL 53.10 4.35 18.70 4.16 35.00 11.52 0.481 1

80 K kg fed  +0 Si-NPs gL 52.02 3.75 18.00 5.85 30.40 10.88 0.471 1

80 K kg fed  +0.5 Si-NPs gL 56.31 4.11 20.10 6.08 33.62 11.86 0.511 1

80 K kg fed  +1 Si-NPs gL 65.62 5.33 25.60 6.70 36.33 15.16 0.721 1

80 K kg fed  +2 Si-NPs gL 61.60 4.86 22.10 6.44 36.86 12.78 0.661 1

L.S.D. 5% 6.31 0.67 1.20 2.60 5.97 1.32 0.09

The positive effects of K on dry matter production under reported that nano–silicon treatments could reduce the
saline conditions may be due to the lessening of osmotic adverse effects of salinity on faba bean plants by
and ionic effects on plant growth [63, 64]. Since potassium enhancing  the  activity of antioxidant enzymes [69].
always associated with the movement of water, nutrients Under salinity stress conditions, nano–SiO  might
and carbohydrates within the plant, stimulating early improve leaf fresh and dry weight, chlorophyll content
growth, increasing protein production and furthermore and proline accumulation. It is also reported that an
improving water use efficiency. However, in case of increase in the accumulation of proline, free amino acids,
insufficient K plants have difficulty absorbing water and content of nutrients, antioxidant enzymes activity due to
N from the soil, which might increase drought stress. Data the nano–SiO , thereby improving the tolerance of plants
also, revealed that application of potassium at  a  rate of to abiotic stress [70, 71]. Silicon nanoparticles have been
80 kg K O fed  had more pronounced effects on the implicated in crop improvements. Many reports indicated2

1

growth as compared with the rate of 40 kg K O fed . that appropriate concentrations of nano–Si increase plant2
1

Therefore, intensive application of potassium could be growth [72], plant resistance to hydroponic conditions
helpful for attenuating oxidative cell  damage,  inhibiting [73] and alleviation of the adverse effects of salt stress,
of NADPH oxidase generating O  particularly during increased root length and dry weight of some plants, [74],2

photosynthesis and reducing harmful effect of salinity in roots length of the lentil and shoots [75]. The importance
relation to dry matter  production  in  different plant parts of Si for improving plant growth was also reported by [76]
in soybean plants. Application of potassium also for faba bean and this is attributed to increase the water
increased the uptake of K and Ca and decreased the Mg use efficiency in the plant [77] and improve the
and Na: K and Na: Ca ratio in dry matter. The results of competence of photosynthesis. [78] found that
[65-68] revealed that K application stimulated the growth exogenously applied Si significantly enhanced plant water
parameters i.e. plant height by 9 and 24%; branch use efficiency and slightly increased photosynthetic rate
number/plant by 18 and 42%; leaves number/ plant by 22 under saline  stress  condition in maize. The function of
and 42%; stem diameter by 33 and 53%; the number of Si  and its concentration varies for plant species [79].
nodules/plants by 19 and 32%; shoot dry weight/plant by Also, Si supplementation helps the formation of
7 and 28%; root dry weight/ plant by 23 and 52%, secondary and tertiary cells of the endodermis, thus
respectively, as compared with control treatment. From enabling higher root resistance and stronger growth of
the aforementioned results, it could be concluded that roots. Several investigators [59, 80-83] noted that the
increasing the addition of potassium from 40 to 80 kg/ application of 0.5 or 1 mM of nano-SiO  enhanced
feddan can improve the growth parameters of soybean soybean seedling shoot and root growth under salt
grown in saline soil. stress. In addition, [84] found that plants treated with Si

On the  other the hand, application of silicon nano are able to maintain a high stomatal conductance and
particles Si-NPs at a rate of (0.5, 1 and 2 gL ) gradually transpiration rate under salt stress, suggesting that a1

stimulate the growth parameters of soybean plants as reduction in Na  uptake occurs due to deposition of Si in
compared with potassium fertilizer alone. Several studies the root resulting in the improvement of plant growth.

2

2

2

+
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They also reported Si-mediated up regulation of achieved by the application of 80 kg K O combined with
aquaporin (PIP) gene expression in relation to increased 2 g Si-NPs/l as foliar spray.
root hydraulic conductivity and water uptake.

Results revealed that application of high doses of Chemical Composition: It is quite clear from the data
potassium (80 kg K O/ fed.) in combining with 1g Si-NPs presented in Tables (4 & 5) that the effect of salinity on2

L  foliar spray was more pronounced effect for improving the concentration of nutrients, the low values of1

growth parameters compared to other treatments and concentrations of both N, P and K were recorded by
control soil. Meanwhile, combined treatments caused the soybean plants grown under  saline  soil conditions. It is
highest effect in increasing all vegetative growth and important to mention that soil salinity caused by sodium
yield under study. Concerning the effect of the different salts may be indirectly implicated in the reduction of K
rates of nano Si (0.5, 1 and 2gL ) with potassium fertilizer and N concentrations. The increase in Na  contents, the1

application (40 and/or 80 kg K O fed ), was presented in reduction of K  content in leaves of soybean plant due to2
1

Table (2). Data revealed that slightly decreased growth competition between Na  and K  ions on the absorption
parameters by the application with Si-NPs (2gL ) in sites of the plant roots as reported by [89, 90]. Salinity1

combining with potassium fertilizer at a rate of 40-kg K O condition could affect total nitrogen in soybean plants2

fed . [85] reported that Si gradually increased the causing either reducing nodule number of nodules1

availability of Ca, P, S, Mn, Zn, Cu and Mo and that of Cl (specific nitrogenase activity), or diminishing nitrogen
and Fe tended to increase. The availability of K and Mg uptake by roots and translocation to the upper organs
was not much affected by Si. It was concluded that, if (leaves and seeds) caused by antagonistic effect between
plants had been cultivated in soil, Si-maintained increased the treatments, [29].
availability of nutrients in the soil solution would Data in Table (4 & 5) showed that application of
probably compensate for the decrease in tissue both rates with different concentration of nano Si (0.5, 1
concentration of those nutrient elements. The study and 2 gL ) stimulate N, P and K content (%) and uptake
shows  that  Si   also   influences   nutrient   uptake in (mg/plant) except for Ca and Na content and uptake
non-stressed plants [86], observed that a high dose of decreased as compared to the control, in both shoots
silicon caused a decrease in plant height. There was no (including leaves and stems and petioles) and seeds of
significant difference with increasing Nano Si soybean plants as compared with the control and other
concentrations except in case of the number of leaves and treatments under soil salinity conditions [73, 91, 92] they
dry weights of shoot [87, 88], they concluded that high found that the reduced uptake of sodium and calcium by
dose of silicon caused a decrease of plant height; plants could be explained at least partly by the inhibitory
suggesting silicon application might exert their favorable effect of silicon on the transpiration. The increase in N, P
effect to counteract the detrimental effects of salinity. and K might be attributed to the positive effect of foliar
Results  also showed that application of either 40 or 80 kg application of SiO  nanoparticle, which consequently
K O per feddan significantly increased soybean yield and increased the absorption of different nutrients and2

its components i.e. number of pods plant  by 37 and alleviating the harmful effects of salinity [93]. In addition,1

59%; number of seeds/pod by 20 and 40 %; weight of data showed that the application of SiO  nanoparticle as
seeds/ plant by 16 and 28%; 100 seed weight by 8 and foliar application may be avoided leaching loss of N and
16%; seed yield fed  by 45 and 55% and straw yield/ helped in more accumulation of nitrogen in leaf. Similarly1

feddan by 43 and 52%, respectively over control were reported by [94], they concluded that, silicon
treatment. Thus, it could be concluded that applying 80 kg rendered more P available to the plants reversing its
K O was better than 40 kg in increasing soybean yield and fixation as silicon, itself competed for P fixation and thus2

its components. Moreover, the aforementioned increases slowly released P helped in more accumulation of P
showed additional increments when saline affected soil content in leaf. However, as treatment 80 kg K O fed +
was fertilized with potassium and combined with foliar 1gL  foliar spray with Si-NPs gave the best significant
feeding with silicon nano particles. Application of 80 kg percentage of N and K in shoots and seeds under soil
K O combined with 1 g Si-NPs/L as foliar spray resulted salinity conditions. Data also showed that the addition of2

in the highest increments in both yield and most of its Si nanoparticle with K significantly decreased sodium and
components. The highest number of pods/ plants was calcium contents and uptake under salt stress.

2

+

+

+ +

1

2

2

2
1

1
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Table 3: Effect of different rates of potassium and foliar spray of Si-NPs on yield of soybean plants under saline soil
Number of Number of Weight of Weight of Seed Straw

Treatment pods plant seed pod seed g plant 100 seed (g) yield Kg fed yield Kg fed1 1 1 1 1

Control (saline soil) 20.67 1.67 8.33 11.89 438.21 973.10
40 K kg fed  +0 Si-NPs gL 28.33 2.00 9.67 12.90 637.63 1391.811 1

40 K kg fed  +0.5 Si-NPs gL 30.33 2.67 10.00 13.78 690.19 1469.281 1

40 K kg fed  +1 Si-NPs gL 32.89 3.00 11.33 14.15 754.22 1543.431 1

40 K kg fed  +2 Si-NPs gL 35.22 3.00 11.67 14.18 796.52 1557.081 1

80 K kg fed  +0 Si-NPs gL 32.77 2.33 10.67 13.75 680.47 1477.001 1

80 K kg fed  +0.5 Si-NPs gL 34.52 3.33 12.00 14.60 735.40 1550.661 1

80 K kg fed  +1 Si-NPs gL 37.18 4.00 12.67 15.50 812.82 1660.381 1

80 K kg fed  +2 Si-NPs gL 39.41 3.67 12.00 14.73 798.81 1574.241 1

L.S.D. 5% 1.93 1.12 2.22 1.27 64.38 69.89

Table 4: Effect of different rates of potassium and foliar spray of Si-NPson N, P, K, Ca and Na contents (%) and uptake (mg/plant) in shoots of soybean plants
under saline soil

% Uptake (mg/plant)
-------------------------------------------------------------- ---------------------------------------------------------------------------

Treatment N P K Ca Na N P K Ca Na
Control (saline soil) 1.15 0.13 1.77 1.68 1.47 98.15 10.78 142.12 142.97 130.77
40 K kg fed  +0 Si-NPs gL 1.43 0.18 2.04 1.56 1.21 130.72 16.42 186.35 141.97 110.351 1

40 K kg fed  +0.5 Si-NPs gL 1.64 0.21 2.14 1.50 1.11 178.96 22.87 233.05 163.35 120.881 1

40 K kg fed  +1 Si-NPs gL 1.89 0.24 2.38 1.42 0.91 243.19 31.37 306.35 182.61 117.731 1

40 K kg fed  +2 Si-NPs gL 1.65 0.22 2.44 1.40 0.99 190.08 25.34 281.47 161.28 114.431 1

80 K kg fed  +0 Si-NPs gL 1.36 0.16 2.20 1.42 1.12 147.61 17.04 239.00 154.13 121.491 1

80 K kg fed  +0.5 Si-NPs gL 1.54 0.20 2.50 1.37 0.83 182.25 23.32 296.90 162.48 98.041 1

80 K kg fed  +1 Si-NPs gL 1.78 0.22 2.71 1.25 0.65 269.34 32.85 411.34 189.50 99.051 1

80 K kg fed  +2 Si-NPs gL 1.50 0.22 2.64 1.21 0.57 192.12 27.69 336.96 154.21 72.421 1

L.S.D. 5% 0.15 0.04 0.17 0.09 0.11 21.65 4.83 22.66 10.07 12.77

Table 5: Effect of different rates of potassium and foliar spray of Si-NPson N, P, K, Ca and Na contents (%) and uptake (mg/plant) in seeds of soybean plants
under saline soil

% Uptake (mg/plant)
---------------------------------------------------------------- ---------------------------------------------------------------------------

Treatment N P K Ca Na N P K Ca Na
Control (saline soil) 1.90 0.18 1.22 0.70 0.55 117.06 12.30 74.83 45.05 33.62
40 K kg fed  +0 Si-NPs gL 2.35 0.24 1.40 0.54 0.32 167.08 16.85 99.92 38.68 22.781 1

40 K kg fed  +0.5 Si-NPs gL 2.58 0.28 1.67 0.45 0.28 203.56 22.88 132.03 35.77 22.091 1

40 K kg fed  +1 Si-NPs gL 2.81 0.30 1.85 0.31 0.26 250.95 28.54 164.72 27.36 23.491 1

40 K kg fed  +2 Si-NPs gL 2.69 0.30 1.77 0.35 0.26 246.64 23.56 162.18 32.13 23.871 1

80 K kg fed  +0 Si-NPs gL 2.49 0.25 1.63 0.54 0.31 182.76 18.35 119.40 34.81 23.001 1

80 K kg fed  +0.5 Si-NPs gL 2.69 0.29 1.80 0.40 0.26 232.15 27.04 155.34 35.79 22.441 1

80 K kg fed  +1 Si-NPs gL 3.17 0.32 2.10 0.37 0.21 309.07 30.26 205.28 38.00 20.821 1

80 K kg fed  +2 Si-NPs gL 2.90 0.30 1.96 0.40 0.21 275.82 28.50 186.20 34.81 19.631 1

L.S.D. 5% 0.12 0.03 0.11 0.05 0.03 11.42 4.39 8.75 4.10 3.26

Table 6: Effect of different rates of potassium and foliar spray of Si-NPs on crude protein (%), total carbohydrates (%), oil % of dry matter in seeds and proline
(%) in leaves of soybean plants under saline soil

Seeds
----------------------------------------------------------------------------------------------------

Treatment Crude protein (%) Total carbohydrates (%) Oil % of dry matter Proline (%) in leaves
Control (saline soil) 11.90 17.64 12.11 13.85
40 K kg fed  +0 Si-NPs gL 14.67 18.60 14.43 12.551 1

40 K kg fed  +0.5 Si-NPs gL 16.13 19.78 14.89 11.671 1

40 K kg fed  +1 Si-NPs gL 17.58 20.54 15.27 10.631 1

40 K kg fed  +2 Si-NPs gL 16.79 20.11 14.82 9.891 1

80 K kg fed  +0 Si-NPs gL 15.56 19.39 15.00 11.651 1

80 K kg fed  +0.5 Si-NPs gL 16.81 20.89 16.14 10.131 1

80 K kg fed  +1 Si-NPs gL 19.79 22.21 17.57 8.921 1

80 K kg fed  +2 Si-NPs gL 18.15 25.75 16.71 8.141 1

L.S.D. 5% 0.78 1.16 0.89 1.00
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Data in Table 5 showed seed NPK (concentrations shown to be beneficial for plant growth, chemical
and uptake) of which were significantly decreased in composition and reduce the harmful effects for soil
control soil  compared  to the other treatments. While salinity and environmental conditions. Foliar application
both Ca and Na showed marked increments. Application of silicon (Si) is an effective way of supplying this
of potassium either at rate of 40 or 80 kg K O/feddan beneficial element to plants. The emergence of new2

resulted in marked increments in NPK (concentration and potential liquid sources for foliar application requires
uptake) as compared with control one. On the other hand, studies to assess the effectiveness of supplying Si to
both Ca and Na showed markedly decreased. Combination plants, as well as its effects on agronomic performance
treatments resulted in additional increase in NPK. indicators. The application of 1.5 g L  Si resulted in an
However 80 kg K O treated soil in combination with 1g Si- improvement in shoot dry weight and grain production,2
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