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ABSTRACT 
A field experiment was carried Ollt on a clayey soil in Egypt cultivated 
with tomato plants (Lycopersicon esculentum Mill.). and irrigated with 
Nile water, to study the potential henefit q(zinc nutrient in nanoparticles 
form Vis. mineral (2nSO/.7H2() (22.75%2n)). The zinc nutrient forms 
were applied as foliar application and the studied parameters were 
growth, yield, days tojlowering and some quality parameters. The 
obtained results reveal that the tomato parts dry matter, yield offroits, 
and some quality properties including pigment content (Chlorophyll and 
lycopene), total sugars and total soluble solids (FSS) greatly increased, in 
general with additions of iron nutrient forms. During nanoparticle 
treatments, the most effective treatment was with the rate of half dose 
from minerals at recommended dose (ZnNPs at 50%RD). Mineral/orms 
in normal recommended dose (MNRD) gave nearly equal effict with 
ZnNPs at 50%RD. About days to flowering treatments, the minimum 
number q( days was accompanied with (ZnNPs at 50%RD) followed by 
(MNRD). From qforementioned results, it can be concluded that, the 
foliar application q(iron nutrients in the form ofnanoparticles presented 
equal effects with mineral/arms in the rate q( half concentration from 
recommended dose. By these results nanoparticles application may save 
the amount q( agrochemical used in fertilizers, The law quantities of 
nanoparticles were more effective than higher from ordinary source 
(mineral source) may be due to that nanoparticles pathway reached the 
target sites ofplant without facing retardingfactors such as permeability 
selection, redox reactions and charges on cell wall, 
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I-INTRODUCTION 

T omato ranked in priority second after potato in the world. Egypt is 
ranked sixth in the production of world tomato (FAO-STAT 
2011) and shared of 6% from world production. Tomatoes are 

important not only because of the large amount consumed, but also 
because of their high health and nutritional contributions to humans. 
Tomato products are rich in food components that are antioxidant and 
considered to be a source of carotenoids, in particular Iycopene and 
phenolic compounds Pinela et al. (2012).Foliar fertilizers are 
concentrated aqueous solution or suspension which must be diluted with 
water before applied to plant. Khatoon et at. (2011) stated that the foliar 
application is very fast method for providing requires elements in plants 
because nutrients are absorbing quickly in compare with absorption that 
through plant roots. Torun et at. (2001) reported that the foliar spray of 

. .' 
micronutrients is more effective to control deficiency problem than soil 
application. Chinnamuthu and Murugesa (2009) stated that the word 
"Nano" is lIsed in the world of science to mean one billionth. A 
nanometer is only ten atoms across and they added that it is worth noting 
nanoparticles can be made from a huge variety of bulk materials. They 
explicated their actions and chemical behaviors depending on chemical 
composition and physical properties such as size and shape of the 
particles. By considering that aspect it is not strange to find both positive 
and negative effect of nanoparticJes on higher plants. 
Ruffini and Roberto (2009) reported that it is ascertained the " 
nanoparticles as agrochemicals could reduce the injury to plant tissues 
and amount of chemicals released into environment due to contact and 

" interaction of plants with soil will reduce also. Remya et at. (2010) 
reported that the nanotechnology offers an important role in improving 
the existing crop management techniques. Agrochemicals are 
conventionally applied to crops by spraying and/or broadcasting. Usually 
only a very low concentration of chemicals, which is much below the 
minimum effective concentration required, has reached the target site of 
crops due to problems such as leaching of chemicals, degradation by ..... 
photolysis, hydrolysis and by microbial degradation. Nanoparticles 
provided an efficient means to distribute pesticides and fertilizers, 
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because its route in plant will be through vascular system, thus these 
nanoparticles can be successfully used to unload agrochemicals 
(fungicides, insecticides, etc.), or .other substances (plant hormones, 
elicitors, nucleic acids) and finally leading to enhancing growth. Uzu et 
al. (2009) explained the route of nanoparticles when it used as foliar 
application. When nanoparticles were applied on leaf surfaces, it entered 
through the stomatal openings or through the bases of trichomes and then 
translocated to various tissues. Lopez et al., (2010) showed that soybean 
root elongation was promoted at 500mgZnONPsL-I but reduced at higher 
concentration, this could be attributed to an excess of Zn ions released by 
NPs or an interaction between the NPs and root surface. The interaction 
of ZnONPs with plant could be influenced by the species of plants. 
Stampoulis et al. (2009) demonstrated that there was a positive effect of 
zinc oxide nanoparticles on the seed germination and root growth of 
zucchini seeds grown in hydroponic solution containing ZnO 
nanoparticles. Lin and Xing (2008) grew ryegrass plants with ZnO 
nanoparticles (NPs) and Zn+2 ions in nutrient solution. It was observed 
that ZnONPs and Zn t2 ions had toxic effects at higher concentrations. 
Zn+2 ions were more toxic than ZnONPs which resulting in yellowing and 
complete death of the plant at higher concentrations. "alvin et al. (1999) 
stated that, zinc has a very important role in protein and carbohydrates 
synthesis, cell metabolism, protection of membrane against oxygen free 
radicals Gupta et a!. (2007) investigated the effect of zinc spray as 

"" micronutrient on clusterbean (Gyamposis tetragonoloba L.Taub). They 
used ZnS04 and they found that the spray of zinc at any stage of crop 

..: increased chlorophyll content significantly compared to control. Cost 
analysis revealed maximum mean net income with two foliar applications 
ofZnS04 along with one foliar application ofBlitox-50(mixture of multi­
micronutrients). Cakmak (2008) reported that zinc deficiency is problem 
in food crops, causing decreased crop yields and nutritional quality. In 

'--­

most parts of cereal growing areas, soils have variety of chemical and 

/ 
~ 

physical problems that significantly reduce availability of Zn to 
roots; therefore, application of Zn is essential to improve 

plant 
zinc 

concentration in cereal grains. Zinc application for grains is also a great 
important for crop productivity which resulted better seedling vigor, 

• 
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denser stands and higher stress tolerance on potentially Zn-deficient soils. 

Zinc derived from foliar applications is a greater bioavailability for grains 

than soil application and useful in solving Zn deficiency. 

Basavarjeshwari et al. (2008) carried out a field experiment to study the 

effect of micronutrients on growth and yield of tomato. They evidenced 

that the foliar application of zinc had a significantly increased of plant 

height and number of branches per plant. Korezeniowska(2008) showed 

that the foliar application of zinc at reproductive growth stages increase 

grain and straw yield significantly in wheat. Bisen et al. (2006) conducted 

a field experiment to evaluate the effect of some micronutrients and zinc 

application on the growth and yield of mature sweet orange. The highest 

yield (80 kg per plant) and best yield per acre were recorded for zinc 

application among all used inicronutrients. The highest pulp weight, juice 

content and total soluble solids (TSS) were recorded with the treatment of 

zinc application. Kanujia et al. (2006) performed a field experiment to 

ascertain the effect of micronutrients on growth and yield of cabbage var. 

"Golden Acre". Results revealed that the foliar application of zinc at 100 

ppm gave maximum plant height during both seasons of experiment 

"spring and autumn".Dehnavy et al. (2004) found that the foliar 

application of zinc and manganese increased the total soluble sugars of 

saft10wer plants. 

2-MATERIALS AND METHODS 
2-1 Materials 

2-1-1 Treatments: A field experiment was carried out on clayey soil 

cultivated with tomato plants (Lycopersicon esculentum Mill.) irrigated with 

Nile water. The applied treatments of the studied zinc nutrient included 

zinc sulfate ZnS04.7H20 (22.75%Zn) and zinc nanoparticle which 

supplied by Sigma Aldrich Int. Co as zinc oxide (ZnO), spherical shape 

with size «100 nm) were added as foliar application, with special 

reference to the control treatment (untreated plants) and normal 

recommended dose of mineral fertilization (MNRD). The recommended 

dose in spraying solution was 2g.r J with the rate of 600Iiter.fed- l
. Zinc 

sulfate was added in the recommended dose (RD) from mineral sulfate 

salts fertilization as a traditional foliar fertilizer. While zinc nanoparticle 

(ZnNP) was added as a fraction of mineral salts rate in normal "-­
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recommended dose as [ZnNP at 10%RD, 25%RD, 50%RD, 75%RD and 
100%RD]. Fol iar application of micronutrients sprayed among four times, 
after 30 days from planting and every 15 days uptill fruit stage. 
Observations were recorded for many parameters such as; dry weights of 
roots and shoots, fruit yield, days to flowering and some quality 

characters. The experiment was designed in randomized complete block 
design with three replicates was Llsed, with an area of 100m2 having the 
dimensions (lOx I0). This area was divided into 20 bands, each band 
extended 10m. The distance between each two successive bands was 
50cm. Tomato plants were transplanted at the distance of 50cm apart. 
Furrow irrigation was used after leveling by laser. 
Soil fertilizer was applied according the recommendation of agricultural 
research center (ARC2003) for tomato plant production. The days from 
transplanting (the end of vegetative growth), flowering stage were 
determined. During this growth stage the dry weight of tomato shoots and 
roots were evaluated also, macro and micro nutrients content and uptake 
of shoots and roots were analyzed. The first fruit ripened taken after the 
date of transplanting (mature or reproduction stage). At this stage the fruit 
yield per plant was determined while other plant parts (shoots and roots) 
were determined as dry weight. The selected youngest fully expanded 
leaves were taken from each treated plant for determining nutrients (N, P, 
K, Fe, Mn and Zn) and total chlorophyll; also roots content of these 
nutrients were detennined. Tomato fruits were subjected to the different 
analysis to estimate the total of soluble solids (TSS), Lycopene content, 

total sugars and nutrient contents (Macro and Micro Nutrients). The 
different treatments illustrated in table (l). 

Table (1) applied treatments in the experiment. 

Ser. 
Treatments 

No. 
Treatments 

Symbol 
Rate of applied mieronutrient sand nanoparticles 

I TO Control Control (withollt foliar fertilization treatments) 
2 Tl MNRD Mineral fertilizers in Normal Recommended Dose. 
3 1'2 IO%RD 10% RD ofZn as Zn nanoparticles + RD of Fe and Mil. 

4 T3 25%RD 25%RD of ZIl as Zn nanoparticles + RD of Fe and Mil. 

5 T4 ZnNPs 50%RD 50% RD ofZn as Zn nanoparticles + RD of Fe and Mil. 

6 T5 75%RD 75% RD of Zn as Zn nanoparticles+ RD of Zn and Mil. 

7 T6 IOO%RD 100% RD of Zn as Zn nanoparticles + RD of Fe alld Mil. 

,... 
./ 
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characteristics 
Soil Irrigation Water Some Properties of nanoparticles 

Values Values Chemical fomlula Fe203 
pH(I :2.5soil:wate 7.93 7.23(irrig.water) Form Nano 
r susp.) powder 
ECe dS/m (soil 2.91 0.93(irrig.water) Image (TEM) Spherical 
sat. paste extract.) 
Organic matter% 1.47 ---­ Size (50-100)nm 
Soluble ions (soil me.L- r ,Water m.moJe.L- 1 

) MP (melting point) 1538°C(lit) 
Ca H 9.69 2.39 Surface Area 60 ml.g- I 

Mg11 
4.76 1.84 Assay 97% trace 

Na ' 12.73 4.64 metal basis 
K~ 0.81 0.62 Density 4.8-5.1 g.m-
CO­ 0.00 0.00 I at 25°C 
HC03- 3.75 5.30 (lit) 
cr l 14.45 3.65 
S04­ 9.81 0.54 Bulk Density 0.84 g.mL­ ' 
Available soil Available water 
nutrients (mg.kJ:(I) elements(mg.kg- I 

) 

N 39.01 Cd 0.019 
P 6.13 Ni 0.087 
K 248.63 Co 0.036 
Fe 2.16 Fe 0.711 
Zn 0.78 Zn 0.907 
Mn 1.34 Mn 0.346 

2-1-2 Methods of analysis:- Soluble cations and anions in soil and water 
were measured according to Page et al.(1982) while soil organic matter and 

calcium carbonate content according Black (1982). Soil samples were 

extracted by nTPA according to Lindsay and Norvell (1978) and 

micronutrients in water and soil were analyzed by inductively coupled 

argon plasma spectroscopy (fCP) (perking elmer - 400) according to 

Cottenie et al. (1982). Sub samples of dried plant were wet digested using 

sulphoric acid mixture to analyze N, P, K, Ca, Mg, Fe, Zn and Mn. Total 

nitrogen was determined using micro Kjelddahl apparatus (Chapman and 

Part 1961). Potassiwn was evaluated using flame photometer, while Ca, 

Mg, Fe, Zn and Mn were determined by atomic absorption 

spectrophotometry (AOAC. 1980) . Leaves were cut into small pieces and 

Misr J. Ag. Eng., July 2015 - 1282­

•
 



BIOLOGICAL ENGINEERING 

I 

"' 

/
/. 

appropriate weight (lgm each) were subjected to extraction of80% solution 
of acetone and spectrophotometrically determination of chlorophyll a,b and 
total at wave lengths of (663 and 645) nm according to the method of 

(Arnon, 1965). The content of chlorophyll in solution was calculated as the 
following formula 
Chlorophyll a (mg.g-I) = [12.7(A663) - 2.69(A645)] x VII 000 x W. 
Chlorophyll b (mg.g-1) = [22.9(A645)-4.68(A663)] x VII 000 x W. 
Total chlorophyll (mg.g-I) = [20.2(A645) - 8.02(A663)] x VII 000 x W. 
Where: A= Absorbance of specific wavelength. V= final volume of 
chlorophyll extract in 80% acetone. W= weight of sample. 
The TSS of the harvested fruit juice was determined by hand 
refractometer (Atago N-20E) and the measured values (%Brix) were 
converted to a standard temperature condition of 20° C Ranganna 
(1994). Lycopene concentration of tomato fruits were measured 
spectrophotometrically using a modified method based on Fish et al 
(2002). Total sugar were extracted in 10 ml of 80% anhydrous alcohol..qy 
boiling 0.1 g dry powdered sample for 30 min at 80°C followed by 
centrifugation at 5,000 g for 10 min and subsequent procedures was 
followed using the Anthrone reagent method (Sen et aI., 2005). 
Nanoparticles manufacturing by (Sigma Aldrich Methods of 
Nanomaterials 2009). 

3-RESULTS AND DISCUSSIONS 
3-1 Effect of nanoparticles as a foliar fertilization at different rates of 
mineral fertilizers on growth and yield of tomato plants: 
3-1-1 Effect 011 growth of tomato plants. Data of tomato growth parameters 
are presented in table (3) and figure (1) revealed that the treatments (No.5) 
including the half dose of mineral fertilizers in normal recommended .dose 

(MNRD) were the best treatments of nanoparticles fertilizations with the 
respect to dry weights (DWs) of tomato shoots, roots and whole plants. The 
treatment No.5 consisted of iron nanoparticles in the rate of 50%RD of Zn was 
the highest value of tomato (DWs), followed with treatments No.2. 

Considering the treatments of nanoparticles foliar fertilization spraying on 
tomato plants, we can notice that the nanoparticles in the half dose nearly 
equal with the fully dose of recommended mineral fertilization. While when 
the rate of nanoparticles reduced or increased over the rate of half mineral 
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recommended dose, the values of tomato parts dry weight will be reduced. 
Referring to the rate of increase (relative increase) in tomato growth 
parameters as resulted to control, it is clear that this increase ranged from 
about 106.45, 64.88 and 69.46 % over the control, in case of treatment No.3 
[which received zinc nanoparticle in the rate of IO%mineral fertilization from 

recommended dose] up to 208.29, 184.46 and 187.09% for the treatment No.5 
including zinc nanoparticle in the rate of half mineral fertilization at 
recommended dose, with respect to the dry weights of tomato roots, shoots 

and whole plant. In general, the investigated treatments could be arranged 
descendingly according to their positive effect on tomato growth (OWs of 
tomato parts) as: - MNRD> ZnNPs at 50%RD >75%RD > 25%RD > 100%RD 
> lO%RO> Control. The results may suggest that nanoparticles fertilization in 
the half rate of recommended mineral fertilization gave the positive effect on 
growth of tomato plants, while the higher or lower than this rate gave the 
negative effects. Also the mineral fertilization in the recommended dose nearly 
gave the equal results with nanoparticles in the rate ofhalf mineral fertilization 
at recommended dose. The improving in the growth and dry matter yield of 
tomatoes related strongly with the balance amount of nutrients. An appropriate 

nutrient supply is ~Iways a prerequisite and crucial to reach high yields in 
tomato, however the deficiency or excess in nutrients requirement affected 
negatively on growth status and yield of tomato plants. The improvement in 
the growth may be due to the involvement of micronutrients in different 
physiological process like enzyme activation, electron transport, chlorophyll 
formation and stomatal regulation which ultimately resulted in greater dry 
matter. Small concentration of applied nanoparticle had a stimulating effect 

on plant growth while the enhanced concentration induced an inhibitory effect. 
This action may be due to the uptake pathway of foliar nanoparticles which 
was through stomatal pores along the leaf blade. This pathway differed 
fundamentally from the cuticle foliar uptake (ionic pathway for mineral 
fertilization). The stomatal uptake doesn't require infiltration of solutions by 
dynamic mass flow but is caused by diffusion of solutes or suspended particles 
probably in water absorbed to the walls of the stomatal pores, therefore this 
pathway is accessible for any water-soluble solutes even for small particles 
irrespective of charge or molecular weight and enables transport much higher 
than across the cuticle. 
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Table (3) Effect of different treatments on dry matter of tomato roots, shoots 
- d whole vlant at fI --- ­ ~ ~ 

-~-

Ser. 

Treatmcnts 
Numbcr 

Treatments Symbol 

Roots 

Dry weights of tomato (g planj") 

Rclativc 
Shoots 

Relativc Wholc 
incrcase increasc plant 

. Rclative 
incrcASc 

I TO Cuulrul. 2.17 0.00 17.51 0.00 19.68 0.00 

2 TI MNRIl 6.71 109.11 49.81 1114.46 56.51 1117.19 

3 1"2 lll% RI) 4.411 106.45 28.87 64.88 33.35 69.46 

4 1"3 2S·/ORD 5.38 147.93 38.71 121.07 44.34 125.30 

5 T4 ZuNI's SO% RD 6.69 2011.29 49.81 184.46 56.50 187.09 

6 1'5 7S,,/. RD 5.63 159.45 39.75 127.01 45.13 129.32 

7 T6 IOII,,/.RD 4.67 115.21 29.45 68.19 34.12 73.37 

Dry weights evaluated per one plants NPs=Nanoparticles R.D=Recommended Dose MNRD= Mineral 
fertilizers in Normal Recommended Dose 

60 
~ 50 
~ 40 
.5 30 
11.. 20 

'iii 10 
;J 0 

TO T1 n T3 T4 T5 T6 

Different Treatments 

<:.:.J~~~/ •... ' 
",~>~,~~~~~ /,0 ." 
.>::::) .::.~~~:~;;: .. :-... :::~.. '.. 
. ., :'WhOI~;.l'la"t< 

Fig(l) En-eet of different treatments on tomato dry weights 

3-1-2 Effect 011 yield of tomato plants. Results scheduled in table (4) and 
-" illustrated in figures (2) indicated that the dry matter weights of tomato 

roots and fruits yield responded to the used treatments almost typically 
according to the descending order:- ZnNPs at 50%RD > MNRD> 25%RD 
> 75%RD > 10%RD> 100%RD > Control . Considering the rate of 
increase in tomato parts and fruit yield as related to control, it is clear that 
this increase could be arranged as the following:- The relative increase 
values of the tested nanoparticle treatments ranged from about 71.43, 
42.17,44.82 and 32.00 up to 236.00,115.32,126.25 and152.00 for tomato 
roots, shoots and fruits yield, respectively. Such results of zinc nutrient 

/ ­ effects on growth and yield of tomato plants may be according to its role 
in physiological and biochemical process. Zinc increased the rate of 
photosynthesis and resulted to increase yield of tomato. At the small 

~ 

~ 
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amount of applied nutrients, yield tomato had been declined due to 
micronutrient deficiency while high rate of used nutrients may cause 
toxicity and will gave negatively effects on yield and growth parameters. 

Table (4) Effect of different treatments on yield anti dry matter of tomato roots, shoots and 

whole plant at reproduction stage 

Sr 
Treatment 
Numbrr 

1'relltments Symbol 
Dry weights of lomalo (g. planr') Vield(Kg. plant·') 

Roots 
R.I Sh....ts R.I 

Whole 
Illant 

IU Yield R.I 

0. 

I TO Control. 3_';0 0.00 35.17 II.IM' 38.67 0.00 0.7~ 0.00 

2 1'1 MNRD 11.61 231.71 75.45 114.53 87.06 125.14 1.86 148.00 

3 1'2 10,,".RD 6.79 94.00 51.31 45.89 58.10 SUS 1.01 34.66 

4 1'3 2S%RD 8.91 154.57 64.21 82.57 73.12 89.10 1.41 88.00 

5 1'4 ZnNPs SO%RD 11.76 236.00 75.73 11~.32 87.49 126.25 1.89 152.00 

6 1'5 75-;' RD 8.31 1J7.43 63.78 81.35 72.09 86.42 1.34 78.66 

7 1'6 IOO%RD 6.00 71.43 50.00 42.17 56.00 44.82 0.99 32.00 

*Dry weight evaluated per one plant and fruit yield evaluated per one plant 
R.I=Rclative Increase 

80 
llll 70c:.. . 60 
III llll 50=...... ~ 40
E :J 30 
~-
'a~ 20 
"''a 10.c c: 

0!!Pra 
III 

~ TO T1 n T3 T4 T5 T6 

Fig(2) Effect of different treatments 011 tomato yield llnd dry weights 

3-1-2 Effects ofnanoparticles as a foliar fertilization at different rates 
of mineral fertilizers on days to Oowering:- Regarding days to 
flowering, the results obtained from table (5) and figure(3) were indicated 
that the treatment No.5 (T4) including the zinc nanoparticle at half dose 
of normal mineral fertilization at recommended dose dominated with 
minimum number of days after transplanting to bear flowers followed by 
treatments No.2 (Tl) which including fully dose of only normal mineral 
fertilization at recommended dose. However other nanoparticle treatments 
of lower or higher than the half dose of normal recommended dose were 
observed delaying in the bearing of flowers. Days to flowering were 
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related to improvement in nutrient metabolism in plant which may result 

in more growth activation and enhanced the plant flowering status in 
plant. The escalation in tomato flowers was due to increase vegetative 
growth of tomato and enhanced nutrients uptake due to foliar application 
that resulted in increasing assimilation rate and the biosynthesis's 
accumulation consequently by optimal availability of some required 
nutrients. Moreover the foliar application of micronutrients enhanced the 
growth and flowering due to the availability of these nutrients and the 
easiness of absorbing them via leaves that fulfill the optimal nutritive 
requirements of tomato plants while the deficiencies of nutrients were 
impeding the crops growth and yield; therefore the endowment of these 
nutrients not only fulfilled the nutritional requirements of tomato crop but 
also helpful in increasing the growth, flowering and yield of tomato. 

Table (5) Effect of different treatments on days to flowering 

Ser. Treatments No. Treatments Symbol Days to flowering 
I TO Control 75 
2 '1'1 MNRD 47 
3 T2 IO%RD 60 
4 T3 25%RD 53 
5 T4 ZnNPs 50%RD 45 
6 T5 75%RD 54 
7 T6 lOO%RD 57 

80
 

70
 

- / 1 60 
tlif) 
l: SO.a; 

40,­
-' I~c;:: 30

0... 
III 20
QI
>­
III 10a 

0 
TO T1 T2 T3 T4 TS T6 

Different Treatments 

/' Fig(3) Effect of different treatments on the days of flowering 
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3-1-3 Effect of nanoparticles as a foliar fertilization at different rates 
of mineral fertilizers on some quality properties of tomato leaves and 
fruits: Data in table (6) and figure (4) showed that there were positive 
effects in quality properties of tomato plants due to forms of nutrient 
treatments as compared with the treatment of control. These effects could 
be summarized as the following: 
t -All treatments indicated a positive response to foliar application of 
nutrients on tomato plant, as compared with the control treatment, which 
presented the lowest values of tomato quality properties. These values 
were [43mg.kg-1 

;( 2.18 and 2.58) %;( 0.58, 0.29 and 1.22) mg.g- I
] for 

Iycopene; total soluble solids (TSS); total sugars; chlorophyll a, 
chlorophyll b and total chlorophyll. 
2-The nanoparticle treatment in the rate of half dose of mineral 
fertilization at the rate of normal recommended dose (50%RD) was the 
best treatment from all nanoparticle treatments for tomato quality 
properties. The values of quality properties under this rate of application 
(ZnNPs at 50% RD) were; 214mg.kg-1 fresh weight for tomatoes fruit 
Iycopene; 6.41% for total soluble substances (TSS) of tomatoes fruit; 
5.48% for total sugars of tomatoes fruit and 1.92; 0.97 and 2.89mg.g-1 

fresh weight for chlorophyll a; chlorophyll b and total chlorophyll of 
tomato leaves. 
Meanwhile values of tomato quality properties under the treatment of 
mineral fertilization at the rate of normal recommended dose (MNRD) 
were: 213 mg.kg- I for tomatoes Iycopene; 2.18% for total soluble 
substances (TSS) of tomatoes fruit; 2.58 % for total sugars of tomatoes 
fruit and 1.87, 0.93 and 2.80) mg.g- I fresh weight for chlorophyll a, 
chlorophyll b and total chlorophyll, respectively. 3-The values of tomato 
quality properties decreased with other rates of nanoparticle treatments. 
The relative increases of tomato fruits Iycopene under different 
nanoparticle treatments were 46.51,111.63, 127.91 and 81.41% for the 
treatments of ZnNPs at IO%RD, 25%RD, 75%RD, and 100% RD, 
respectively. While the maximum value 402.33 % was accompanied with 
ZnNPs at 50%RD. The same trend was found with total soluble 
substances (TSS) of tomato fruits, the maximum values of relative 
increase was 194.04% under the treatments of ZnNPs at 50%RD, while 
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other values were28.44, 70.18, 82.11 and 33.48% under the treatments of 
ZnNPs at 10%RD, 25%RD, 75%RD and 100%RD. Also same trend with 
tomato fruits Iycopene and TSS was found for total sugars of tomato 
fruits, the maximum value of relative increase was 112.40% under the 
treatments of ZnNPs at 50%RD. The other values were 11.24, 46.12, 
33.33and1.l6 % under the treatments of ZnNPs at 10%RD, 25%RD, 
75%RD and 100%RD, respectively. The same trend with other quality 
properties of tomato fruits was found for total cl,loropl,yll of tomato 
leave.5, the maximum value of relative increase was 136.88% under the 
treatment of ZnNPs at 50%RD while other values werel.64, 22.13, 
40.16, 4.11% under the treatments of ZnNPs at IO%RD, 25%RD, 
75%RD, 100%RD, respectively. From the preceding results, it was 
concluded that the beneficial effects of mineral fertilization at ful1y dose 
of normal recommended dose (MNRD) on quality parameters were 
nearly in the line with nanopalticle treatments in the rate of half dose of 
mineral fertilization at nOlmal recommended dose (NPs at 50%RD). 

Table (6) Effect of different treatments on tomato quality parameters 

Fruit Properties Leaves Properties 

Sr. Treatment.! 

l.yeopen T5S Total 
SUllar 

Chlorophyll Content 

a b 

Ratio 
alb 

Total 

\ Control 
Content 

R.I% 

43.00 

0.00 

2.18 

tWO 

2.58 

0.00 

0.85 

0.00 

0.29 

0.00 

2.93 1.22 

0.00 

2 MNR() 
Content 

R.I ~o 

213.00 

395.35 

6.31 

189.44 

5.43 

110.46 

1.87 

120.00 

0.93 

220.69 
2.01 

2.80 

129.51 

-
3 lO~oRD 

Content 

R.l°/. 

56.00 

30.23 

2.80 

28.44 

2.87 

11.24 

0.87 

2.35 

0.38 

31.03 
2.31 

1.24 

1.64 

4 

-
25

0 
" RD 

Content 

R.I % 

87.00 

102.32 

3.71 

70.18 

3.77 

46.12 

0.91 

7.05 

0.58 

100.00 
1.57 

1.49 

22.13 

5 

-
Zn NPs SO~o RD 

Content 

R.l°/. 

214.00 

397.67 

6.41 

194.04 

5.48 

112.40 

1.92 

125.88 

0.97 

234.48 
1.98 

2.89 

136.118 

6 7S%RD 
Content 

R.I% 

97.00 

125.58 

3.97 

82.11 

3.44 

33.33 

1.04 

22.35 

0.67 

131.03 
1.55 

1.71 

40.16 
~ 

7 100%RD 
Content 

R.I ~o 

77.UII 

79.11 

2.'11 

33.48 

2.61 

1.16 

0.86 

1.17 

0.41 

41.38 
2.1\ 

1.27 

4.11 
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The contribution of these treatments for improvement the quality 
parameters were referred to the involvement and stimulating effects of 
zinc as a micronutrient in different physiological processes such as 
enzyme activation, electron transport, photosynthesis process and 
biochemical reactions in plant cell. Nanoparticles otl.'ered an improving 

in yield and growth by spraying lower quantity than mineral fertilization 
because the application of nanoparticles was more effective to reach the 
target site of treated plant and can tmnsp0l1 to specific other sites 
throughout the plant vascular system then these nanoparticles can be 

successfully used to unload chemical into localized areas tissues Remya 
ct at. (2010). -_ _•......- .........•......... . _..•..__..__.... ...•.•............-_•.....•_._/
r---- ­
I ,":I~ct "_d~~", '~~'" ••~."~P'-~.........
 

I t:~·.·.. _T.S.S%'Brixfresh········
 I ~"i!I - ----.- ­
~ :;) _ Total Sugar %fresh weight
 I GI 2 . ._..w • :'i.:;';;~~::' .._.._..
 I

I cr --Total Chlorophyll mg.g" i VI O· .--.--..--.-.•.- ....- ..--.-•.- .•.•..................................................
 Iro n n nAn ul--_.-~.._-_.._---------_.._-------_ .. ....J 

----·--- ---. - -. "" .. . - - - . 
10 Fig (4-8) Effect of different tre~!!!ert~S o:l~.~omato.lJl?pene content 

1 

i:~- ..... lvcopene mg.g-l 

~ TO Tl n 13 T4 TS T6 

......_ _ _._ _ __._ I _ .._ ..__-J 

Conclusions, This study presented the following results:- ·The effects of 

foliar application of nanoparticle on growth, yield, days to flowering and 

quality properties were positive in low quantity as compared with other 
ordinary chemicals (such as minerals). The rate of nanoparticles in half 
dose of mineral fertilization at nonnal recommended dose may be nearly 

equal with fully dose. oNanoparticles pathway to plant tissues was 

through pores and stommata while ions nutrient which derived from 
minerals dissolves in water entered plant through cuticle pathway.The 
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BIOLOGICAL ENGINEERING I 
-- nutrients faced retarding factors in cuticle pathway such as penneability 

selection, redox reaction and charges on cell wall. The promising 
conclusions of reducing the application of chemicals had the benefits 
effect on health, economic and environment. More studies should be 
carried out in this field to get suitable recommendations of utilizing 
agrochemicals or fertilizers. 
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