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ABSTRACT 
 

Increasing consumer awareness has contributed in establishing food safety issues and environmental concerns through 
introducing organic and bio-approaches as substitutes for the traditionally chemical fertilization. However, the efficiency of these 
fertilizers seemed to be relatively low when compared with the traditional mineral fertilizers. This study postulates that algae extracts of 
Chlorella sp. might stimulate the growth of plants. To examine this assumption, a field study was conducted for two successive seasons 
(2015/2016 and 2016/2017) using different N-sources e.g. organic (compost), bio (Azotobacter chroococcum and Azospirillium 
lipoferum) and mineral (ammonium nitrate) fertilizers with or without algeal extracts of Chlorella sp. to investigate their efficiency for 
improving the growth parameters and yield components of broccoli plants grown on a sandy loam soil. Results reveal that the highest 
increases in uptake of NPK were attained for the application of “compost + ammonium nitrate + biofertilizer”. Such improvements 
resulted in concurrent increases in plant height, number of leaves per plant, leaf area; shoot fresh weight, chlorophyll a and b, curd 
weight and diameter, vitamin C, TSS, total phenol and antioxidants content in broccoli heads and the outcome head yield. Moreover, the 
combination between different N-sources and foliar spray of alga extract resulted in further significant increases in NPK uptake by plants 
and this in turn improved significantly, the abovementioned growth parameters and yield components. Accordingly, our results support 
the hypothesis indicating that algae extracts improved significantly the growth parameters and yield components of broccoli plants 
grown on a sandy loam soil. 
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INTRODUCTION 
 

Broccoli (Brassica oleracea var. italica) is an 
economically vegetable crop (Branham et al., 2017) that 
contains a number of bioactive compounds, in particular 
glucosinolates and polyphenols (Valverde et al., 2015). 
These compounds are beneficial against cancer and other 
illnesses (Ordiales et al., 2017). Moreover, this crop is rich 
in minerals (Weber, 2017), vitamins A, B12 and C 
(Decoteau et al, 2000); besides, its stem and leaves contain 
carotenoids which have anti-allergic, anti-cancer and anti-
obesity bioactivities (Pedroza et al., 2018). Thus, broccoli 
serves as a good food (Jeffery et al., 2003; Rodriguez-
Casado, 2016). 

Managing N-inputs is one of the important factors 
affecting broccoli growth and yield development 
(Schellenberg et al., 2009; Luna et al., 2018) especially in 
light textured soils (Abd-Alrahman et al., 2016). Although, 
the traditional farming is still dependent on mineral N-
fertilization for vegetables production because these 
inorganic forms are easily absorbed and utilized by 
vegetables (Shams, 2012); however, significant losses 
might occur in mineral N-forms either through ammonia 
volatilization or nitrate leaching (Peng et al., 2015; 
Kadyampakeni et al., 2018). This might contribute 
effectively in N- pollution of the groundwater (Smith et al., 
2016) and consequently raises concerns about 
environmental sustainability (Kadyampakeni et al., 2018). 
Thus, increasing consumer awareness has contributed in 
establishing food safety issues and environmental concerns 
(Worthington, 2001) through introducing organic and bio-
approaches as substitutes for the traditionally mineral 
fertilization (Abbas et al., 2011; Farid et al., 2014 and 
2018). Such approaches were used successfully in the 
production of several vegetable crops e.g. pepper (Abdalla 
et al., 2001), cantaloupe (Adam et al., 2002), squash (Rizk 
et al., 2003), potatoes (Abou-Hussein et al., 2002; Salem et 
al., 2010), sweet pepper (Shams, 2011), snap beans (Morsy 
et al., 2017). In this concern, the organic amendments not 
only enrich soils with nutrients which release upon its 

decomposition, but also improve the physical, chemical 
and biological characteristics of the amended soils (Farid et 
al., 2014; Bassouny and Abbas, 2019). However, the 
efficiency of these fertilizers seemed to be relatively low 
when compared with the traditional mineral fertilizers 
(Yildirim et al., 2011). In this concern, the outcome head 
yield of broccoli obtained after application of 80 Mg 
organic amendments per hectare did not exceed 75% of the 
corresponding yield obtained for the application of the full 
dose of N as mineral fertilizers (Ouda and Mahadeen, 
2008). Likewise, biofertilization improves the head yield; 
however, such increases stand at about 10 % below the 
increases occurred due to the application of the mineral N-
fertilizer (Yildirim et al., 2011). Thus, there is an actual 
need to increase the efficiency of N-use by plants. This 
might take place through introducing symbiotic algae 
(Quispe et al., 2016) which improve the efficiency of N 
use efficiency by plants e.g. Chlorella sp. (Qin et al., 
2018). Moreover, this alga is thought to be beneficial to 
plant growth because of its ability to produce a variety of 
valuable compounds such as polyunsaturated (Lin et al., 
2018).  

Algae extracts can be used foliarly to improve 
vegetable growth as they contain nutrients such as N, P, K, 
Ca, Mg and S as well as Zn, Fe, Mn, Cu, Mo and Co, some 
growth regulators, polyamines, vitamins (Zhang and Ervin, 
2004 and Papenfus et al., 2013), cytokinins, auxines, 
abscisic acid, vitamins and nutrients (Chojnacka and Kim, 
2013). This study postulates that the algae extracts of 
Chlorella sp. might stimulate the growth of broccoli plants 
while, on the other hand, improve its efficiency to utilize 
soil N. To what extent can the organic, bio- and mineral 
fertilizers stand successfully for the production of broccoli 
grown on a sandy soil in presence of Chlorella sp. extract 
was the aim of the current study. Parameters defining 
quality (e.g. diameter, weight, and height of the heads) 
(Ordiales et al., 2017) were considered in this study.  

 The current study aims at evaluating the efficiency 
of using different N-sources e.g. organic, bio and mineral 
fertilizers with or without algae extracts of Chlorella sp. on 




