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Abstract 
The objective of this research work is to synthesize sulfur nanoparticles by green route and to investigate the 
beneficial effect on root and shoot growth of tomato. Sulfur nanoparticles (SNPs) synthesized using aqueous 
extract of Ailanthus altissima leaves at room temperature. Scanning electron microscopy (SEM) and X-ray 
diffraction (XRD) inspections indicated that nanoparticles are spherical and polydispersed with diameters 
ranging between 5 and 80 nm. The potential of sulfur nanoparticles for enhancing tomato’s growth, increasing 
the concentration of sulfur nanoparticles from 100 ppm to 300 ppm cause an increase in root and shoot lengths, 
while higher concentration 400 ppm and 600 ppm induced an inhibitory effect. Results of this study reveal that 
SNPs have the potential to enhance root and shoot growth of tomato and the effect is concentration dependent. 
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1. Introduction 
Sulfur has a wide range of applications in different industrial and apicultural activities. Sulfur nanoparticles have 
many advantages over micro-sulfur for their peculiar quantum size properties and high surface area. Sulfur acts 
as a soil conditioner in reducing the sodium content, and nitrogen fixing. For plants sulfur is necessary in the 
formation of proteins, amino acids, enzymes, vitamins, and chlorophyll. Also sulfur helps the plant’s resistance 
to disease (Cooper et al., 1996; Dubuis et al., 2005). Recently, great effort has been focused on finding 
approaches to synthesis sulfur nanoparticles (SNPs) with well-defined shapes and nano-sizes. Among these, 
reverse microemulsion (Guo et al., 2006; Desphande et al., 2008), an electrochemical (Shamsipur et al., 2011), 
water-in-oil microemulsion (Soleimani et al., 2013), an aqueous solution of potassium polysulfide and various 
organic and inorganic acids (Massalimov et al., 2012), ultrasonic technique (Xie et al., 2009), green solvents 
(Xie et al., 2012), surfactant assisted route (Chauhuri & Paria, 2010), supersaturated solvent (Wu et al., 2008), 
chemical precipitation (Meenatchi & Renuga, 2015), and membrane as natural biomaterial (Cheng et al., 2011). 
These methods have many disadvantages due to the difficulty of scale up the process, separation and purification 
of nanoparticles from the micro emulsions and energy requirements. Several studies were conducted to 
investigate the role of metal nanoparticles on plants growth (Farghaly & Nafady, 2015; Salama, 2012; Hafeez et 
al., 2015; Du et al., 2011; Jayarambabu et al., 2014). In previous work (Salem et al., 2016) we have reported the 
effect of sulfur nanoparticles on the growth and development of Cucurbita pepo. As continuation of this work, 
sulfur nanoparticles synthesized by a green method using Ailanthus altissima leaves extract at room temperature 
and investigated the effect on tomato growth.  

2. Materials and Methods 
2.1 Materials 

Sodium thiosulfate pentahydrate, (Na2S2O3·5H2O, 99.8%) and hydrochloric acid (HCl, 37%) were obtained from 
Merck, Darmstadt, Germany and used as received without any further purification. Sterile distilled water was 
used with conductivity 1 µS/cm. 

2.2 Preparation of A. altissima Leaves Extract 

Fresh leaves of A. altissima were collected from the trees at campus of Royal Scientific Society, Jordan (Figure 
1). The leaves were washed under running tap water to remove any dust attached to the leaves and subsequently 
with distilled water 3-4 times. The leaves were air dried for four weeks at room temperature and then finely 
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