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ABSTRACT 

In the last decade, Egypt has been exposed to waves of thermal extreme events. This climate 
change, especially during the late summer season causes serious impacts on tomatoes (Solanum 
lycopersicon L.) growth and productivity due to the rise of both temperature and relative humidity. 
Tomatoes hybrids (Super strain B and 888) were cultivated at El-Baramoun farm, Mansoura 
Horticulture Research Station, Dakahlia governorate, Egypt during late summer seasons of 2017 and 
2018. There were six applied treatments to minimize the adverse effects of high temperature i.e., royal 
jelly (0.1%), bulk chitosan (CS) at 200ppm and chitosan nanoparticles (CSNPs) at three 
concentrations (100, 150 and 200ppm) in comparison with the control (sprayed with tap water). The 
study also included a physiochemical characterization of chitosan nanoparticles which clear that the 
nanoparticles have nearly spherical shape, smooth surface and size range of about 34 nm. Results 
indicated that 888 hybrid is superior to Super strain B hybrid in all studied traits, except lycopene 
content, since it was higher in Super strain B fruits. All foliar spraying treatments enhanced vegetative 
traits, water relationship, chlorophyll and mineral contents of leaves and fruit yield as well as fruit 
quality in varying degrees, except acidity% in the fruit juice which the difference did not reach to the 
significance at 5% level. The best treatments of both hybrids were almost obtained with CSNPs at 
200ppm followed by royal jelly at 0.1% and bulk chitosan (200ppm), alternatively. The study also 
included some correlations that reflect the effect of some characters on the fruit yield and quality. In 
other word, positive correlations were obtained between plant dry weight and total fruit yield/feddan 
and between marketable fruit yield % and Ca% in leaves. Other correlations clear that the more K% in 
the plant tissue the, more lycopene content in the fruit and eventually, increasing calcium% in the 
leaves increases fruit firmness. 
  
Keywords: Solanum lycopersicon, high temperature, nanochitosan, royal jelly, yield. 

 
Introduction 

Global climate change presumably decreases crop production and shifts in biodiversity. 
Extreme temperature events of the Earth surface become a major issue in the near future because of 
the predicted increase in the Earth temperature by 1.5 and 11.8oC by 2025 and 2100, respectively 
(Stainforth et al., 2005). In Egypt, the late summer season (from May to September) has the highest 
values of both temperature and relative humidity, which are major obstacles in the way of agricultural 
production, particularly sensitive vegetable crops like tomato. Tomato is calcified as a sub -tropical 
crop that is cultivated in the temperate zones in the field. Since this crop is needed to be cultivated 
throughout the year, it is exposed to these stress conditions. The total area devoted to such important 
vegetable crop i.e., tomato crop during 2015 was 262054 feddans in summer plantations. This area 
produced 4121066 tons with an average yield of 15.726 ton /feddan. Under high temperature, faster 
growth and shorter life cycle of non-perennial crops occur. Thus, smaller and weak plant, shorter 
reproductive duration and lower yield potential are the result (Hatfield and Prueger, 2015). Although 
many studies concluded that minimum temperature is the major factor that affects fruit set, it was 
found that high day temperature also reduced fruit set, since reproductive organs are more vulnerable 
to changes in temperature prior and during the early stage of flowering (Sato et al., 2006). Plants 
show differential sensitivity to high temperature such as increase respiration and transpiration rates, 
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induce oxidative stress, decrease photosynthetic processes, restrict stomatal function and change 
endogenous phytohormones and enzymes,  (Cakmak and Marschner, 1992 ; Elestner and Osswald, 
1994; Dubey, 1997;  Karim et al.,  1999 , Xu et al., 2007 and Abd- El- All, 2009). Heat tolerability is 
seen in almost all plants but its extent varies from species to species and even within species. The 
compactness of the heat-resistant tomato cultivars may be due to their greater and earlier partitioning 
of carbohydrate to fruits, which thereby restricts their vegetative growth compared with heat-
susceptible cultivars. Therefore, all available solutions should be used starting from traditional 
breeding approaches to the use of next generation techniques taking into account the safety aspect. 

Few literatures are available about the response of horticultural crops to royal jelly under stress 
conditions. It is secreted from the heads of queen bees and synthesized from pollens, water and honey 
mixed with saliva. It has an amazing promotion impacts on growth, nutritional status, fruit yield and 
fruit quality of horticultural crops (Wassel et al., 2015 and Dalia and El-Aref, 2016) due to its rich 
content of sugars, protein, vitamins and minerals. Moreover, it contains at least 17 amino acids and 
gonadotropic and sex hormones (Townsend and Lucas, 1966). 

 Furthermore, chitosan (C6H11NO4) n, the N-deacetylated derivative of chitin, is another natural 
polysaccharide and  has been one of the most preferred biopolymers due to its biocompatibility, 
antioxidant, anticancer, biodegradability, antimicrobial, and non-toxic properties as well as being an 
economical material produced from waste resources such as seafood shells  (Dash et.al., 2011). A 
further value to this compound is that Egypt overlooks two seas and has the Nile River and many 
lakes as well as the largest fish farm, Ghalioun, in Delta. CS application has many advantages in 
coping with biotic and abiotic stresses, improving the physiological attributes of plants, post-harvest 
quality of fruits and vegetables and reducing the use of inorganic fertilizer. CS might be effective in 
overcoming high-temperature stress by triggering abscisic acid (ABA) and jasmonic acid activity 
which further induces the expression of defense-related ABA-responsive genes in horticultural 
species. In other ward, CS antitranspirant activity is a process dependent on ABA, the plant hormone 
that regulates stomatal behavior and plant water status. ABA mediates responses to environmental 
stresses, notably stomatal closure and induction of many stress-related genes. It can be more effective 
in temperate regions, when occasional or episodic stress events occur (Iriti et al., 2009). CS reduced 
the transpiration rate and water loss (Sheika and Malki (2011), whereas increased antioxidant contents 
3.5 fold (Jail, et al.,2014).  

Recently, nanoparticles are generated naturally by erosion, volcanoes, fires and marine wave 
action. Nanoparticles are also produced by human activities such as coal combustion, vehicle exhaust, 
and weathering rubber tires. The use of metallic nanoparticles seems to have started with the 
beginning of glass-making in Egypt and Mesopotamia back in the thirteenth and fourteenth centuries 
BCE. Nowadays, there is a real passion for the technological progress. Nanotechnology is developing 
as the fourth industrial revolution and sixth revolutionary technology in the current era. 
Nanotechnology was a $1 trillion industry in 2015 (Schaming and Remita, 2015). Recently, there has 
been significant interest in using nanotechnology in agriculture with increase hopes for improving 
agricultural productivity through encountering problems unsolved conventionally to feed 7.6  billion 
people  on the Earth (according to United Nations reports). The small size of the nanostructures 
explains the ease of entering the plant, since nanostructures are from 1 to 100 nm compared with 
stomata size that varies across species, with end-to-end lengths ranging from 10 to 80 µm and width 
ranging from a few to 50 µm. At this scale, matters display new chemical, optical, electric and 
magnetic properties. Material at the nanoscale behaves differently than the same material at the bulk 
one because of has higher surface area to volume. Frequently, this unique behavior can be useful and 
profitable. The emergence of these new types of anti-stress offers hope of environmentally-friendly 
approach. Chitosan nanopartichles (CSNPs) are one of the engineered nano materials that are natural 
and nontoxic materials with excellent physicochemical properties. Furthermore, they are 
environmentally friendly as well as bioactive (Agnihotri et al., 2004). Again, CS based nanoparticles 
provoke higher physiological and biochemical responses in plants because of their higher surface to 
volume ratio.  

In order to achieve reasonable yield and high price under climate change of late summer season, 
this study targets to evaluate the beneficial effects of foliar spraying of some natural and safe 
substances i.e., royal jelly and CS in comparison with three concentrations of CSNPs in terms of 
improved yield and quality of two different hybrids of tomato. 
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Materials and Methods 

Two field experiments were conducted at El-Baramoun farm, Mansoura Horticulture Research 
Station, Dakahlia governorate, Egypt during two successive late summer seasons of 2017 and 2018 to 
study the effect of some natural substances i.e., royal jelly, CS and CSNPs on tomatoes (Solanum 
lycopersicum L.), Super strain B and 888 hybrids grown under high temperature stress condition. On 
15th May, tomato seedlings at 40 day after seed sowing were transplanted at 50 cm apart on one side 
of ridge 3.5m long and 1m width with experimental unit area of 10.5m2.Table (a) shows some 
physical and chemical properties of the experimental soil at a depth of 0-30 cm according to Piper 
(1950). 

Table (a): The physical and chemical properties of the experimental soil during the seasons of 2017 
and 2018.  

Properties Season 2017 Season 2018 

Physical analysis 

Clay %  48.2 47.9 
Silt %  25.1 27.2 
Fine  Sand %   24.0 22.4 
Coarse Sand% 2.7 2.5 
Soil texture  Clayey Clayey 

Chemical  analysis 
*PH 7.6 7.5 
**EC (dSm-1) 1.2 1.2 
Organic Matter 1.86 1.83 

CaCO3 2.81 2.65 

Available N (ppm) 46.3 44.6 
Available P (ppm) 15.6 14.9 
Available K (ppm) 298.0 302.0 
Total soluble solid% 0.19 0.19 
* 1: 2.5 (Soil: Water) water suspension;      ** 1: 5 (Soil: Water) water extract.       

Meteorological data: 

During this experiment, plants were grown under high temperature of field where level of 
temperature rises several times to more than 40◦C.  Air temperature and relative humidity percentage 
during the two growing seasons were in Fig. (a and b). Maximum and minimum records were 
calculated as mean / month at Mansoura weather station according to the Central Laboratory for 
Agricultural Climate (CLAC). 

 

 
Fig. (a): Monthly means of air temperature in El-Mansoura metrological station during 2017 and 
2018. 
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Fig. (b): Monthly means of relative humidity% in El-Mansoura metrological station during 2017 and 
2018. 
  

Plants were sprayed five times to the drip point with different assigned treatments using plastic 
sheet as a separator between treatments one meter height, the first one was at 20 days after 
transplanting and repeated each 15 days. All cultural practices for tomato were followed according to 
the instruction laid down by Egyptian Ministry of Agriculture. Table (b) shows the chemical analysis 
of royal jelly. In addition, chitosan was dissolved in 0.5% (v/v) acetic acid to prepare CS 
concentration at 200ppm. 
 
Table b: Chemical Analysis of royal jelly (Townsend and Lucas, 1966) 

Constituents Values (mg/100g F.W.) 
Water 65.3 

Dry matter 34.7 
Proteins 48.2 

Essential amino acids 37.8 
Carbohydrates 10.4 

Lipids 2.0 
Ash 23.0 

Sugars (Glucose, Fructose and Sucrose) 13.0 
K 220 
P 118 

Ca 112 
Mg 105 
Fe 50 
S 44 

MN 32 
Si 5 

V.B (B1 ,B2,B5,B6,B8,B9 and B12) 2.1 
V.A 0.4 
V.C 0.9 
V.D 0.5 
V.K 0.4 
V.E 0.3 

Chitosan materials: 
Chitosan (molecular weight 50,000-190,000 Da, degree of deacetylation, 75-85% and viscosity: 

(20-300 cP), glacial acetic acid and sodium tripolyphosphate (TPP). All the chemicals used in this 
study were used without further purification which was purchased from Sigma-Aldrich, USA 
chemical company.  
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Preparation of chitosan nanoparticles 
Chitosan nanoparticles (CSNPs) were prepared by ionic gelation method according to Calvo et 

al., (1997) with some modifications. The method utilizes the electrostatic interaction between the 
amine group of chitosan and a negatively charged group of polyanion such as TPP. Briefly, CS 
aqueous solution (0.2% w/v) was prepared by dissolving chitosan in acetic acid solution (1% v/v) at 
room temperature. Subsequently, TPP solution (0.06% w/v) was added dropwise to CS solution under 
vigorous stirring for 30 min. The resulting chitosan particle suspension was centrifuged at 12000g for 
30 min. The pellet resuspended in deionized water. The chitosan nanoparticles suspension was then 
freeze-dried before further use or analysis. The crystalline and phase structure of the synthesized CS 
was studied by an X-ray diffractometer (XRD, X’Pert Pro, PanAlytical, Netherlands). The size (Z-
average mean) and zeta potential of the nanoparticles were analyzed by photon correlation 
spectroscopy and laser doppler anemometry, respectively, in triplicate using a Zetasizer 3000HS 
(Malvern Instruments, UK). The morphology and size were determined by the transmission electron 
microscopy (TEM, Tecnai G20, FEI, Netherlands). All the preparation and characterization processes 
were conducted at Nanotechnology and Advanced Materials Central Lab (NAMCL), Agricultural 
Research Center, Egypt.  
      The field experiment was adopted in split plot design which was the interaction between two 
factors; hybrids (super strain B and 888) in the main plots and 6 treatments (foliar spray) in the sub 
plots with three replicates.  
 
 The treatments are as follows:  
1- Control treatment (spray with tap water) 
2- Royal jelly (0.1%) 
3- Chitosan (200 ppm) 
4- Chitosan nanoparticles (100ppm) 
5- Chitosan nanoparticles (150ppm) 
6- Chitosan nanoparticles (200ppm) 

Data Recorded:  

Plant growth and water relation behavior: 

Three plants from each treatment were randomly taken at 60 days after transplanting (at the 
beginning of fruiting stage) and the following data were recorded: plant height (cm), leaf area per 
plant (cm2) and dry weight of whole plant (g). Leaf specific weight (mg/ cm2) was calculated 
according to Ferre and Forshey (1988) as follows:  

LSW = leaf dry weight (mg) / leaf area (cm2). 
For water relationship, fresh weight of 6 leaf slides of each replicate was recorded then soaked with 
distilled water into Petri dish for 24 hr. and turgid weight was recorded then dried for 48 hr. and the 
dry weight was measured. Relative water content and Water retention capacity were measured 
according to Taiz and Zeiger (1998) using the following formulas:  
Relative water content (RWC %) = (Fresh weight – Dry weight) / (Turgid weight – Dry weight) × 100 
Water retention capacity (WTC) =   Turgid weight / Dry weight 

Total chlorophyll and chemical analysis of leaves: 

Total chlorophyll was determined as described by Wettstein (1957). Nitrogen was determined 
using microkjeldahl (Horneck and Miller, 1998). Phosphorus was determined calorimetrically 
according to Sandell (1950). Potassium was determined according to Horneck and Hanson (1998). 
Calcium was determined according to Jackson (1967).  

Number of clusters and fruit Yield:  

 At flowering stage, three plants per each plot were randomly chosen and clusters number/plant 
was counted. At harvesting time, average fruit weight (g) was determined theoretically by dividing 
total fruit weight on the total fruit number. Total yield (the weight of fruits of all pickings) and early 
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yield (the sum of the first three pickings) as kg/plot were recorded, then were summated and 
calculated as ton/fed. Marketable characteristics for tomato were defined as uniform color, good 
shape, good health state and weight greater than 35 g. Marketable fruit percentage was calculated 
according to the following formula: (Weight of marketable fruits/ Weight of total yield) × 100                                                                                     

Fruit quality: 

At breaker stage, a random sample of ten ripe fruits per plot was used for measuring the 
following data: 
The physical characteristics of tomato fruits: 

Fruit length and diameter were measured using a caliper. Fruit firmness was measured using a 
needle type pocked penetro-meter. 

  
The chemical characteristics of tomato fruits: 

A hand refractor meter and a pH meter were used to determine the percentages of total soluble 
solids (TSS) and acidity% in fruit juice, respectively. Lycopene was determined according to the 
methods mentioned in (A.O.A.C., 1990).  

Correlations and Statistical analysis:  

         Correlation between total yield and plant dry weight, marketable yield% and Ca%, fruit 
lycopene content and K% of leaves and between fruit firmness and Ca% of leaves were analyzed. 
Data were statistically subjected to analysis of variance (ANOVA) using CoStat statistical analysis 
system (Version 6.303, CoHort, USA, 1998-2004). Mean comparisons were performed using the least 
significant differences (L.S.D) method at significance level of 5 % according to Snedecor and 
Cachran (1980). 

Results and Discussion 

Physiochemical characterization of Nanoparticles: 

1- X-Ray diffraction (XRD) pattern of chitosan nanoparticles: 

X-Ray powder diffraction patterns of CSNPs are shown in Figure (1). 

 

 
Fig. 1: X-ray powder diffraction patterns of CSNPs. 
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No peak is found in the diffractograms. CSNPs are comprised of a dense network structure of 
interpenetrating polymer chains cross-linked to each other by TPP counter ions (Tang et al., 2003). 
The XRD implicated greater disarray in chain alignment in the nanoparticles after crosslinks. 

 
Dynamic Light Scattering (DLS) Analysis: 
 
 DLS was used to measure hydrodynamic diameter in the nanometer range. The size of CSNPs was 32 
nm and zeta potential 42 mV (Fig. 2). 

  

Fig. 2: DLS analysis of CSNPs. Particle size (A) and Zeta potential (B). 

TEM analysis result 
Transmission electron microscope (TEM) gave us information on the particle shape and the 

determination of particle size. Typical TEM micrograph of the chitosan nanoparticles was shown in 
Fig. (3).The nanoparticles have nearly spherical shape, smooth surface and size range of about 34 nm. 

 

 
Fig. 3: (A) TEM image of chitosan nanoparticles. 

B
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1-The mean performance of vegetative growth traits and water relationship:  
            Table (1) and Fig.(4) obviously indicate that in late summer season when temperatures and 
relative humidity reach their peak, vegetative growth traits of tomato plant as plant height, dry weight, 
leaf area and leaf specific weight were higher in 888 hybrid than in Super strain B hybrid. Water 
status also is highly sensitive to these conditions and is, therefore, dominant in determining the plant 
responses to stress. Meaning that sensitive hybrid i.e., Super strain B had lower records of relative 
water content (RWC) and water retention capacity (WTC) than tolerant hybrid (888).  

Table 1: Vegetative growth characters and water relation behaviors of tomatoes as affected by 
different applied treatments during the late summer seasons of 2017and 2018  

Treatments 
Plant height (cm) 

Dry Weight 
 (g/ plant) 

Leaf area 
 (cm2 / plant) 

LSW 
 (mg/ cm2) 

RWC (%) WTC 

1st s 2nd s 1st s 2nd s 1st s 2nd s 1st s 2nd s 1st s 2nd s 1st s 2nd s 

H
yb

ri
d

 888 66.8 75.0 89.2 109.1 855.7 1051.4 5.61 5.69 71.83 75.65 6.43 6.68 

Super 
strain B 

48.6 52.6 47.4 69.7 434 564.0 4.53 4.429 48.83 50.42 5.57 5.49 

LSD 5% 1.01 0.95 2.13 2.31 15.45 9.69 0.070 0.027 1.309 0.781 0.054 0.157 

T
re

at
m

en
ts

 

Control 55.0 61.1 49.8 62.8 434.2 543.3 4.50 4.59 56.83 58.86 5.65 5.53 

Royal Jelly 58.8 64.7 60.2 99.2 611.2 824.5 4.73 4.85 62.67 63.22 5.90 6.54 

CS 58.7 66.3 59.3 78.2 687.5 876.8 4.78 4.85 59.17 62.84 6.13 5.76 

CSNPS 1 57.4 60.8 51.7 63.7 515.2 705.8 5.23 5.05 58.00 58.33 5.83 6.12 

CSNPS 2 65.9 62.7 68.7 94.8 669.7 767.7 5.47 5.16 62.67 63.66 5.90 5.97 

CSNPs 3 59.3 67.2 120.2 137.7 951.3 1128.0 5.72 5.86 62.67 71.30 6.60 6.62 

LSD 5% 0.99 2.04 2.80 5.74 23.66 24.03 0.134 0.060 2.557 0.879 0.100 0.295 

Interaction 

88
8

 

Control 64.7 71.6 67.7 76.3 505.3 612.0 5.00  5.09 66.60 70.22 6.00 6.05 

Royal Jelly 66.3 77.2 78.0 118.0 817.7 1128.0 5.22  5.39  70.00 75.11 6.33 7.23 

CS 66.7 80.0 77.7 87.5 965.7 1161.0 5.21  5.37  70.00 75.60 6.30 6.33 

CSNPS 1 67.7 70.6 70.0 74.2 662.0 921.3 5.71  5.78  70.00 70.33 6.38 6.54 

CSNPS 2 67.7 72.7 99.0 136.1 970.3 1033.0 6.23  6.0  77.75 80.32 6.46 6.67 

CSNPs 3 68.0 77.8 142.7 161.6 1213.0 1453.0 6.31  6.51  76.67 82.29 7.14 7.27 

S
u

p
er

 s
tr

ai
n

 B
  

 Control 45.3 50.3 32.0 49.3 363.0 474.8 4.00  4.10 47.00 47.50 5.30 5.00 

Royal Jelly 51.3 52.0 42.3 80.5 404.7 521.0 4.23  4.31 55.34 51.33 5.47 5.86 

CS 50.7 52.7 41.0 68.7 409.3 592.7 4.36  4.33  48.33 50.07 5.97 5.18 

CSNPS 1 47.1 51.0 33.3 53.0 368.3 490.3 4.75  4.31  46.00 46.33 5.29 5.70 

CSNPS 2 46.5 52.6 38.3 53.3 369.0 502.1 4.70  4.32  47.60 47.00 5.35 5.27 

CSNPs 3 50.5 56.5 97.9 113.7 689.0 803.0 5.13 5.20 48.67 60.30 6.07 5.97 

LSD 5% 2.47 2.32 5.23 5.67 37.86 23.73 0.172 0.067 3.207 1.194 0.133 0.384 

Control: tap water; Royal jelly (0.1%); CS: bulk chitosan (200ppm); CSNPs 1, 2 and 3: chitosan nanoparticles at 100, 150 
and 200 ppm, respectively; LSW: Leaf specific weight; RWC: Relative water content; WTC: Water retention capacity. 

 
Furthermore, all foliar spraying treatments significantly increased growth parameters and water 
relationship and CSNPs treatment at 200ppm was more pronounced. Concerning the interaction 
between hybrids and applied treatments, data in the same table illustrate that under high temperature 
and relative humidity stresses, both tomato hybrids positively responded to subjected treatments. For 
888 hybrid, the highest values were obtained with CSNPs at 200ppm followed by 150ppm, whereas, 
super strain B hybrid gave the highest values in vegetative growth and water behavior traits with 
CSNPs (200ppm) followed by 200ppm CS and 0.1% royal jelly, alternatively compared with the 
control plants which were strongly affected and morphologically suppressed. 
               The reductions may be occurred because high temperature increases plant respiration rates 
above the rate of photosynthesis and therefore, can potentially reduce biomass accumulation and crop 
yield (Hatfield et al., 2011 and Zakher and Abdrabbo, 2014). Jie et al., (2012) found that exposure to 
35°C for 8 h. provoked important changes in photosynthesis activity and carbohydrate metabolism in 
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tomato leaves. The decrease in photosynthesis modified carbohydrate contents in stressed plants 
leaves, on the other hand, the changes of sucrose-metabolizing enzymes activities altered 
carbohydrate metabolism and changed the contents of dry matter in stressed plants. The result of SLW 
was in agreement with previous findings by Niinimets (1995) who reported that most of the increase 
in SLW can be attributed to an increase in soluble carbohydrates and vice versa. Hot stress tolerance 
is seen in tomato plants but its extent varies from cultivars to another. The tolerant cultivar, unlike the 
sensitive one, is able to develop mechanisms that help protect itself against the prevailing higher 
temperature stress and its probable inducible oxidative one (Cakmak and Marschner, 1992 and 
Elestner and Osswald, 1994). Similar results were found by Abdelmageed et al., (2003) and Abd- El- 
All (2009). They stated that high temperature condition strongly affected tomato vegetative growth, 
especially sensitive cultivars. Moreover, El- Shaikh (2010), Wassel et al., (2015) and Dalia and El-
Aref (2016) showed that the increments in vegetative growth traits may be due to the highly 
nutritional and hormonal status of royal jelly. In addition, CS increased both leaf area and chlorophyll 
content which has been contributed into the increase of the photosynthesize production and therefore 
reflects a significant amount of dry weight and plants productivity (Sheikha and Malki, 2011). Mona 
(2015) proved that CS stimulates plant growth by enhancing cell division similar to gibberellins. 
 

 
Fig. 4: A photograph of tomato plant hybrids, Super strain B hybrid (right) and 888 hybrid (left), 
shows the effect of foliar spraying of (1): control (tap water); (2): royal jelly (0.1%); (3): CS 
(200ppm); (4): CSNPs (200ppm) under high temperature condition. 

        Zayed et al., (2017) found that under stress condition, all growth variables and relative water 
content (RWC) were improved due to foliar spraying with CSNPs. The selective uptake, 
bioabsorption and transport of various nanoparticles by a model plant have been high reactivity 
because of more specific surface area, more density of reactive areas or increased reactivity of these 
areas on the particles surface (Dhoke et al., 2013). CSNPs can be easily absorbed through the stomata 
of leaves and carried in the sugar flow through the phloem sieve tubes to shoots and roots as a result 
of pressure differentials between source (leaves) and sink (e.g., growing shoot apex). There are 
evidences that radial transport from cell to cell also occurs via endosomes (Hasaneen et al., 2016). 
Under stress condition, Pal and Saharan, (2018) found that foliar applied with CSNPs improved 
vegetative growth traits and activated the defense response of treated plants as evidenced by higher 
activities of superoxide dismutase, peroxidase, polyphenol oxidase and phenylalanine ammonialyase. 
  
Total chlorophyll and nutrient contents of leaves: 

Concerning total chlorophyll and chemical constituents, data in Table (2) clear that there were 
significant differences between hybrids in all studied parameters since the tolerant hybrid (888 hybrid) 
was more superior than that the sensitive one (super strain B hybrid). Moreover, all protection 
treatments against high temperature injury used in this study led to an increase in total chlorophyll and 
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chemical composition compared with the control treatment and the highest records of total 
chlorophyll, P%, K% and Ca% were obtained with treatments of CSNPs followed by bulk chitosan at 
the same concentration (200ppm), while N% was higher with royal jelly application. Data in the same 
table reveal that all interaction treatments positively responded, especially when 888 hybrid was 
sprayed with the highest concentration of CSNPs (200ppm) followed by CS and royal jelly, 
respectively. 

Table 2: Total chlorophyll and chemical composition of tomatoes leaves as affected by different 
applied treatments during the late summer seasons of 2017and 2018  

Treatments 

Total 
chlorophyll 
(mg/g f.w.) 

N% P% K% Ca% 

1st s 2nd s 1st s 2nd s 1st s 2nd s 1st s 2nd s 1st s 2nd s 

H
yb

ri
d

 888 6.01 6.07 2.97 3.21 0.332 0.426 2.211 2.492 2.267 2.462 

Super strain B 4.07 4.96 2.24 2.56 0.208 0.235 2.027 2.057 1.771 1.902 

LSD 5% 0.092 0.082 0.366 0.039 0.010 0.020 0.073 0.042 0.093 0.246 

T
re

at
m

en
ts

 

Control 3.67 3.75 2.65 2.76 0.248 0.230 1.618 1.705 1.550 1.540 

Royal Jelly  5.04 6.16 3.01 3.32 0.281 0.310 2.107 2.120 2.103 2.363 

CS 6.07 5.95 2.61 2.78 0.280 0.333 2.053 2.653 2.213 2.465 

CSNPS 1 3.85 5.29 2.59 2.81 0.247 0.285 1.767 1.703 1.823 1.890 

CSNPS 2 5.02 5.26 2.10 2.80 0.253 0.348 2.067 2.082 2.002 2.008 

CSNPs 3 6.60 6.70 2.66 2.86 0.310 0.475 3.103 3.383 2.422 2.825 

LSD 5% 0.192 0.189 0.655 0.042 0.012 0.035 0.074 0.069 0.182 0.435 

Interaction 

88
8

 

Control 4.31 4.29 3.10 3.110 0.293 0.300 1.647 1.750 1.723 1.730 

Royal Jelly  6.07 7.23 3.39 3.517 0.350 0.390 2.040 2.070 2.300 2.630 

CS 6.63 6.70 3.08 3.150 0.353 0.447 2.073 2.580 2.633 2.800 

CSNPS 1 4.70 5.40 3.05 3.127 0.297 0.310 1.767 1.790 2.133 1.800 

CSNPS 2 6.81 5.24 2.07 3.127 0.300 0.417 2.067 2.463 2.300 2.680 

CSNPs 3 7.51 7.58 3.11 3.140 0.397 0.690 3.440 4.300 2.513 3.130 

S
u

p
er

 s
tr

ai
n

 B
  Control 3.03 3.21 2.20 3.243 0.203 0.160 1.590 1.660 1.377 1.350 

Royal Jelly  4.00 5.08 2.64 3.120 0.213 0.230 2.173 2.170 1.907 2.097 

CS 5.50 5.20 2.14 2.410 0.207 0.220 2.033 2.727 1.793 2.130 

CSNPS 1 3.00 5.17 2.12 2.500 0.197 0.260 1.767 1.617 1.513 1.980 

CSNPS 2 3.23 5.27 2.12 2.463 0.207 0.280 1.833 1.700 1.703 1.337 

CSNPs 3 5.69 5.81 2.20 2.477 0.223 0.260 2.233 2.467 2.330 2.520 

LSD 5% 0.227 .0508 0.897 0.096 0.025 0.048 0.180 0.101 0.228 0.602 

Control: tap water; Royal jelly (0.1%); CS: bulk chitosan (200ppm); CSNPs 1, 2 and 3: chitosan nanoparticles at 100, 150 
and 200 ppm, respectively . 

 
                Increased photosynthetic pigments in treated leaves is expected as a reflection of increase 
vegetative growth (Table 1) and  mineral contents (Table 2) that related to chlorophyll metabolism 
and presence of large number of chloroplast bundle sheath in the leaves. Bernacchi et al., (2001) 
mentioned that the sensitivity of photosynthesis and photosystem II (PSII) to heat may be due to 
detrimental effects of high temperature on chloroplast membranes. Meanwhile, Huang et  al., (2012) 
showed that high-temperature stress reduces root growth, number, and mass, which affects the growth 
of above ground tissue by restricting the supply of water and mineral nutrients, affecting production 
of hormones synthesized in roots and transported to shoots, and altering sink-source relationships 
between shoots and roots. The decreases in nutrient acquisition with heat stress could be caused by a 
decrease in root mass or surface area (Huang et al., 2012), reduction in nutrient uptake per unit root 
(Bassirirad, 2000), depletion of labile C (total non-structural carbohydrate) and hence energy, or by 
direct heat damage to roots (Huang et al., 2012), which might decrease the production or function of 
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nutrient-uptake proteins. Heat stress can also disrupt enzymes involved in nutrient metabolism e.g., 
nitrate and ammonium assimilation (Hungria et al., 2014). Furthermore, Xu et al., (2007) indicated 
that increasing relative humidity restricts the transpiration and the plants would get very hot and lacks 
water and nutrients uptake, especially calcium. The promoting effect of royal jelly on  leaf pigments 
and nutrients might be attributed to its higher content of plant pigments, Mg, N, P, K, Zn, Fe, Mn, and 
Cu as well as its effect on water uptake and root development (Townsend and Lucas, 1966). 
Moreover, Mondal et al., (2012) reported that application of CS increased key enzymes activities of 
nitrogen metabolism (nitrate reductase, glutamine synthetase and protease) and improved the 
transportation of N in the functional leaves which enhanced plant growth and development. However, 
CS application increased photosynthetic pigment (El-Tantawy, 2009). Calcium content increased in 
tomatoe plant because CS contain high amount of calcium minerals (Abdel-All, 2009). CSNPs 
improved chlorophyll content in field experiment (Pal and Saharan, 2018) and under stress condition 
due to protected against oxidative stresses by a wide range of radical scavenging systems such as 
antioxidative enzymes like superoxide dismutase (SOD), (POD), ascorbate peroxidase (APX), and 
catalase (CAT), as well as non-enzymatic compounds like carotenoids (Zayed et al., 2017). 
 
3- Number of clusters/plant, yield, and yield correlations: 
           Results in Table (3) show that under high temperature stress, 888 hybrid showed significant 
superiority over super strain B hybrid in number of clusters, average fruit weight, early and total yield 
as well as marketable yield percentage.  
 
Table 3: Number of clusters, Yield and yield components of tomatoes as affected by different applied 

treatments during the late summer seasons of 2017 and 2018  

Treatments 
No. of 

clusters/plant 
Average fruit 

weight (g) 
Early yield 
(ton./fed) 

Total yield  
(ton./ fed) 

Marketable yield  
(%) 

1st s 2nd s 1st s 2nd s 1st s 2nd s 1st s 2nd s 1st s 2nd s 

H
yb

ri
d

 

888 17.67 16.67 113.58 122.91 5.51 5.8 22.22 24.15 72.83 75.67 

Super strain B  9.00 7.67 74.11 75.55 3.29 3.15 16.82 13.96 64.5 64.11 

LSD 5% 0.784 0.383 2.84 1.1388 0.123 0.078 0.675 0.502 0.617 0.847 

T
re

at
m

en
ts

 

Control 12.67 11.67c 80.75 90.05 2.97 3.10 14.55 14.05 53.00 60.67 

Royal Jelly  14 33 14.33 104 67 106.17 5.85 6.00 20.75 21.23 66.67 69.00 

CS 13.00 11.67 97 33 97.00 4.85 5 33 20.55 20.05 72.83 75.17 

CSNPS 1 12.00 22.67 85.83 90.87 3.13 3.20 18.03 14.67 70.50 66.33 

CSNPS 2 12.33 11.67 87.00 96.22 4.72 3.75 19.77 18.22 72.67 69.50 

CSNPs 3 15.67 12.00 107.5 115.08 4.90 5.47 23.48 24.15 76.33 78  67 

LSD 5% 1.114 0.590 5.200 1.807 0.186 0.175 1.430 1.250 1.636 1.861 

Interaction 

88
8

 

Control 18.00 16.33 100.2 112.1 4.03 4.20 18.77 19.10 58.66 67.00 

Royal Jelly  18.00 17.67 123.7 131.3 7.63 8.00 23.00 24.57 72.20 75.30 

CS 18.00 16.00 115.7 112.7 5.70 6.77 22.00 24.10 77.00 80.00 

CSNPS 1 16.33 16.3 103.6 113.3 4.30 4.50 19.33 19.00 73.60 70.25 

CSNPS 2 17.33 16.33 106.0 123.0 5.63 4.43 22.33 25.20 75.00 78.67 

CSNPs 3 18.00 16.67 132.3 145.0 5.77 6.90 27.90 29.00 80.20 82.65 

S
u

p
er

 s
tr

ai
n

 B
  Control 7.67 6.67 61.2 68.0 1.90 2.00 10.33 9.00 47.33 54.33 

Royal Jelly  10.67 10.67 85.4 81.0 4.07 4.00 18.50 17.90 61.10 62.68 

CS 8.00 7.00 79.0 81.3 4.00 3.90 19.10 16.00 68.80 70.30 

CSNPS 1 7.67 7.33 68.0 68.4 1.97 1.90 16.73 10.33 67.30 62.31 

CSNPS 2 7.33 7.33 68.0 69.4 3.80 3.07 17.20 11.23 70.33 60.32 

CSNPs 3 13.00 7.67 82.7 85.2 4.03 4.03 19.07 19.30 72.30 74.64 

LSD 5% 1.922 0.938 6.953 2.790 0.302 0.243 1.654 1.728 1.512 2.075 

Control: tap water; Royal jelly (0.1%); CS: bulk chitosan (200ppm); CSNPs 1, 2 and 3: chitosan nanoparticles at 100, 150 
and 200 ppm, respectively; fed: feddan (4200m2). 
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             In addition, tomato plants significantly responded to studied treatments by increasing these 
traits and CSNPs at 200ppm gave the highest values of the average fruit weight, total yield and 
marketable yield percentage, however values of number of clusters/plant in the second season and 
early yield in both seasons were significantly higher with spraying with royal jelly. In regard to the 
interaction treatments, all treatments were considerably differed in influencing yield parameters. They 
were also of over yield parameters relative to the control at the two seasons, except number of clusters 
of 888 hybrid where the differences did not reach to the significance level at 5%. Moreover, it can be 
observed that for 888 hybrid, the average fruit weight, total yield and marketable yield% were the 
highest with spraying CSNPs at 200ppm followed by royal jelly alternatively with CS, whereas the 
highest early yield was obtained with CSNPs (200ppm). These results may be attributed to the effect 
of applied treatments particularly CSNPs (200ppm) and royal jelly on promoting vegetative growth 
characters and water relationship as shown in Table (1) and total chlorophyll and chemical 
constituents as  in Table (2). The final result of all physiological processes including vegetative 
growth, total chlorophyll and nutrient uptake will be reflecting on yield. 
              In addition, positive correlations between dry weight of plant and total yield (ton/fed) and 
between Ca% in plant and marketable yield percentage were shown in Figures (5 and 6). The results 
are significant in both cases at a confidence level of 95%, with determination coefficients (R2) of 
0.813 and 0.825, respectively, indicating a reversal of vegetable growth and chemical composition on 
the fruit yield and its quality.  
  

 
 

Fig. 5: Correlation between dry weight and total yield Fig. 6: Correlation between marketable yield % and 
Ca % in plant 

 
High temperatures increase carbon loss by increasing respiration rate compared with photosynthetic 
one leading to reduction in yield as fruit weight and total yield. Moreover, number of clusters is 
positively associated with plant branching that is controlled mainly by cytokinins which its 
biosynthesis depend on elemental P. In General, reproductive organs in solanaceae, especially, the 
male gametophyte are more sensitive to high temperature than vegetative organs (Raja Reddy and 
Kakani, 2007). Temperature is a key factor for fruit set of tomato, with optimal values of 18/ 29oC. 
Stigma tube elongation, poor pollen germination, poor pollen tube growth and carbohydrate decline 
are the main reasons for poor fruit set at high temperature. Under high temperature condition, flower 
abscission, especially the additional flowers, is occurred either as an indirect effect of failure of fruit 
set or as a direct effect of a restriction of the supply of assimilates to the developing flower bud 
(Karapanos et al., 2008). In addition, better growth and higher fruit yield and quality under low 
humidity regimes were attributed to the promotion of nutrients uptake such as N, P, K, Ca and Mg 
(Xu et al., 2007). 
           The positive action of royal jelly on fruiting was attributed to the higher own content of royal 
jelly from vitamins, hormones, nutrients and amino acids (El-Shaikh, 2010; and Dalia and El-Aref, 
2016). However, Wassel et al., (2015) stated that royal Jelly has a positive action on berry setting 
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because of its essential effect on enhancing the leaf area, plant pigments and uptake of macro and 
micronutrients. Same results were obtained by Utsunomiya and Kinai (1994) who stated that chitosan- 
oligosaccharides increased flower numbers. Tomato plants subjected to CS treatment had high 
phenolic compound, PPO activities and phytoalexins production, hence improvement in fruit weight 
and overall yield (Jail et al., 2014). In addition, Mondal et al., (2012) reveal that the fruit yield was 
higher in 100 and 125 ppm CS treatments due to production of higher number of fruits/plant and 
increased fruit size. The improvement in growth characters (Table 1 and Fig. 4) and mineral and 
chlorophyll contents (Table 2) due to CSNPs was reflected on the yield under high temperature stress. 
 
Physical and chemical characteristics of fruit and quality correlations: 
            Table (4) and Fig. (7) show the effect of various treatments on physical and chemical 
characters of fruit of two different tomato hybrids grown under high temperature stress. In regard to 
the effect of hybrid, diameter and length of fruit are considered hereditary characteristics, so fruit 
length in both seasons and fruit diameter in the second season of 888 hybrid were longer than that of 
super strain B hybrid, however, no significant difference was observed in fruit diameter between them 
in the first season. Data also show the superiority of super strain B on 888 hybrid in lycopene content 
and acidity %, whereas the opposite is clear in firmness.  
 
Table 4: Physical and chemical compositions of tomatoes fruit as affected by different applied 

treatments during the late summer seasons of 2017 and 2018  

Treatments 
Fruit length 

(cm) 
Fruit diameter (c) TSS (%) 

Fruit firmness 
(kg/cm2) 

Lycopene 
(mg/100gfw) 

Tetratable acidity 
(%) 

1st s 2nd s 1st s 2nd s 1st s 2nd s 1st s 2nd s 1st s 2nd s 1st s 2nd s 

h
yb

ri
d

 888 5.49 5.57 4.56 4.63 5.05 4.68 3.28 3.04 4.13 3.99 4.083 4.083 

Super 
strain B  

3.63 3.70 4.41 4.43 4.12 3.87 2.93 2.90 4.25 4.38 4.136 4.137 

LSD 5% 0.071 0.079 0.150 N.S 0.112 0.103 0.074 0.090 0.115 0.026 0.039 0.08 N.S. 0.043 

T
re

at
m

en
ts

 

Control 3.99 4.10 4.24 4.12 4.55 4.35 2.65 2.65 4.04 4.11 4.25 4.26 

Royal Jelly  5.18 5.22 4.45 4.53 4.55 4.40 2.70 2.78 4.22 4.32 4.23 4.20 

CS 4.57 4.71 4.47 4.57 4.57 4.22 3.53 3.47 4.20 4.26 4.16 4.20 

CSNPS 1 4.19 4.21 4.10 4.22 4.72 4.25 2.85 2.70 4.14 4.00 4.00 3.99 

CSNPS 2 4.29 4.37 4.24 4.18 4.54 4.23 3.25 2.67 4.20 4.19 4.01 4.01 

CSNPs 3 5.33 5.37 5.40 5.60 4.58 4.20 3.65 3.55 4.32 4.26 4.01 4.01 

LSD 5% 0.169 0.141 0.237 0.083 0.18 N.S. 0.21 N.S. 0.111 0.146 0.042 0.085 0.25 N.S. 0.270 NS 

Interaction 

8
88

  

Control 4.67 4.76 4.70 4.50 5.00 4.80 2.80 2.70 4.03 3.97 4.40 4.40 

Royal Jelly  6.30 6.40 4.30 4.40 4.90 4.90 2.90 2.70 4.15 3.99 4.30 4.30 

CS 5.50 5.65 4.43 4.60 5.00 4.7 3.67 3.67 4.10 3.98 4.10 4.10 

CSNPS 1 4.83 4.82 4.20 4.0 5.30 4.57 3.10 2.67 4.09 3.90 3.90 3.90 

CSNPS 2 5.03 5.07 4.20 4.10 5.03 4.57 3.50 2.67 4.11 4.01 3.90 3.90 

CSNPs 3 6.60 6.70 5.50 5.88 5.07 4.57 3.70 3.83 4.21 4.11 3.90 3.90 

S
u

p
er

 s
tr

ai
n

 B
   

Control 3.30 3.43 3.77 3.81 4.10 3.90 2.80 2.60 4.04 4.25 4.10 4.11 

Royal Jelly  4.05 4.03 4.60 4.66 4.21 3.90 2.50 2.87 4.28 4.65 4.17 4.10 

CS 3.63 3.77 4.50 4.54 4.13 3.73 3.40 3.27 4.30 4.53 4.22 4.30 

CSNPS 1 3.55 3.60 4.00 4.03 4.13 3.93 2.60 2.73 4.18 4.10 4.09 4.08 

CSNPS 2 3.60 3.66 4.28 4.25 4.03 3.90 3.00 2.67 4.28 4.37 4.12 4.12 

CSNPs 3 3.65 3.70 5.30 5.31 4.10 3.83 3.60 3.27 4.42 4.40 4.11 4.11 

LSD 5% 0.173 0.193 0.252 0.273 0.220 0.180 0.220 0.281 0.063 0.096 0.169 0.106 

Control: tap water; Royal jelly (0.1%); CS: bulk chitosan (200ppm); CSNPs 1, 2 and 3: chitosan nanoparticles at 100, 150 
and 200 ppm, respectively; N.S.: not significant. 
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Fig. 7: A photograph of tomato fruits,  888 hybrid (upper) and Super strain B  hybrid (down), shows 
the effect of foliar spraying  applications of (1): control (tap water); (2): royal jelly (0.1%); (3): CS 
(200ppm); (4): CSNPs (100ppm) ; (5): CSNPs (150ppm); (6): CSNPs (200ppm) under high 
temperature condition. 
 
All protection treatments under investigation enhanced the fruit physical characters, especially with 
spraying with CSNPs at 200ppm, except for TSS% and acidity% that showed nonsignificant 
differences between treatments. Concerning the interaction, data in the same table indicate that all 
interaction treatments were considerably differed in influencing fruit quality under high temperature 
injury. 

The highest values of fruit length and diameter of both hybrids were obtained when sprayed 
with CSNPs at 200ppm, except for super strain B length which was the longest with royal jelly 
treatment. In regard to TSS%, no differences between treatments were observed in super strain B 
fruits, while CSNPs (100ppm) and royal jelly, respectively gave the highest values of TSS% in 888 
fruit in both seasons. Lycopene content of super strain B fruit was the highest with CSNPs treatment 
at 200ppm compared with the control and other treatments. Eventually, fruit firmness was the highest 
with 200ppm CS in either bulk or nanoscale form, particularly for 888 hybrid. Acidity of fruit juice 
was significantly increased by spraying either super strain B hybrid with CSNPs (200ppm) or 888 

hybrid with royal jelly, respectively. 
          It is worth to mention that the treatments that increase mineral contents in the plant are the same 
that improve fruit quality in tomatoes grown under high temperature stress. Figure (8) shows positive 
correlation between K% of the plant and fruit lycopene content since increased lycopene 
concentrations in fruit confirming the effect of potassium on this carotenoid, probably due to the 
stimulation of specific enzymes participating in the DOXP (1-deoxy-D-xylulose 5-phosphate) 
biosynthetic pathway and directly involved in the overall regulation of lycopene formation in tomato 
fruit (Fanasca et al., 2006). Figure (9) also clears a positive correlation between Ca% of the plant and 
fruit firmness since, Ca is essential component of cell wall, cell membrane and the middle lamella of 
newly formed cells. The cell walls are unable to stabilize and hold their contents without Ca. This is 
particularly important in developing fruits.  
        High temperature and intense direct solar radiation can cause damage tomato fruit and reduce 
their marketing quality. This can be avoided if fruit is shaded by foliage. Extent of fruit shading by 
leaves can be manipulated by the choice of cultivars.  Xu et al., ( 2007) found that high marketable 
fruit yield under low humidity was in part due to few blossom-end rots and misshaped fruit. Texture 
of the fruit was significantly higher for fruit of plants under low humidity than under high humidity. 
Moreover, under stress conditions the decrease in lycopene and β-carotene contents may relate to the 
decrease in photosynthetic processes (Chartzoulakis and Klapaki, 2000). Royal jelly promotes TSS in 
cucumber (Dalia and El-Aref, 2016) and TSS, total sugars and acidity in flame seedless grapevines 
(Wassel et al., 2015). Similar results were obtained by Giacalone and Chiabrando (2013) who stated 
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that CS improved the soluble solid content and firmness of nectarine fruit. The improvement in 
growth characters as shown in Table (1) and Fig.(4) and minerals and chlorophyll contents (Table 5) 
due to CSNPs was reflected in the fruit quality under high temperature injury. 
                The study ended with the superiority of chitosan nanoparticles (CSNPs) at 200ppm over 
most studied treatments in improving the yield and quality characteristics of tomatoes grown under 
high temperature of the critical late summer season. Generally, in order to reduce negative impacts of 
climate change that hit the earth at increasing rates, all protection procedures should be used starting 
from the choice of suitable cultivar i.e., heat tolerant cultivar to the use of stimulant and anti-stress 
treatments, particularly that are natural and safe such as royal jelly and chitosan. Next generation 
techniques, likewise CSNPs should be also exploited to achieve sustainable development. However, 
more rigorous works are needed to understand physiological, biochemical, and molecular mechanisms 
of plants grown under stress condition in relation to nanoparticles. 
 

  
Fig. 8: Correlation between K% of plant and lycopene 
content of tomato fruit 

Fig. 9: Correlation between Ca% of plant and firmness 
of tomato fruit 
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