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ABSTRACT 
Grower are concern the importance of producing high quality seedlings to achieve a great yield and 
healthy plant. Our study was performed at nursery of Protected Cultivation Sector, Dokki, Giza, to 
determine using mushroom wastes and chopped rice straw as alternative substrates media, 
supplementary LED light white color i.e., (12 and 24) hours and their interaction compared to peat moss 
substrate and natural light in winter season through 2019 and 2020. Seeds of hybrid eggplant (Classic 
F1) were sowing in trays at 15th November in each season 2019 and 2020. Germination of seeds i.e., 
(rate, index) and vegetative growth of seedlings parameters such as (seedling height, number of 
leaves/seedling, chlorophyll reading in leaves, fresh and dry weights of seedling) were recorded. This 
study was conducted in a split plot design. Results indicated that sawing eggplant seeds in "PM + RS + 
MW" substrate enhanced seeds germination (rate, index) and increased growth tested parameters of 
seedlings more than other substrates growing media. In addition, applying duration supplementary LED 
light white color for 12h achieved greatest values of all tested parameters among other supplementary 
treatments. Moreover, "PM + RS + MW" plus supplementary light for 12h as combination had the 
positive impact and improved all studied seedlings parameters. While, the negatives impact were 
observed with RS substrate, supplementary light for 24h and their combination. 
 
Keywords: Seedlings, Eggplant, Substrate, Supplementary, White LED light. 

 
1. Introduction 

Natural soil is a growing media for plants, however in field or garden. But, it is not recommended 
for pot plants or nursery trays, because of its compaction (Tariq et al., 2012). Contrary, Peat moss 
presents lots of significant portion of growing substrates used for potted plants and nursery (Ribeiro et 
al., 2007). Peat is characterized by high water holding capacity, good uniformity and excellent porosity 
(Eudoxie and Alexender, 2011). Moreover, it is non-rechargeable resource with high demand 
worldwide (Abad et al., 2001). This situation led to increase price of peat moss (Eudoxie and Alexender, 
2011; Tariq et al., 2012). 

In recent years, researchers have to investigate local and renewable alternatives for peat that can 
be used for nursery and pot plants. In this concern available local organic waste products such as spent 
mushroom waste (Romaine and Holcomb, 2001), animal manure compost (Jayasinghe et al., 2010), and 
agro-industrial waste compost (Bustamante et al., 2008) have been showed good results as growth 
media, with high content of different nutrient elements (Khan et al., 2012). Moreover, the mentioned 
organic waste present a high environmentally treat (Grigatti et al., 2008). Other organic wastes are 
currently studied, such as rice straw, wheat straw, cotton waste and corn leaves and husks (Sendi et al., 
2013). 
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Rice straw is mostly composed of silica, lignin, and hemicelluloses, which are not appealing to 
soil fungus or worms. Recently, rice straw is available organic waste; that is validating as a growing 
media for planting seeds (Sadek et al., 2014). One of the proposed practical applications is the use of 
rice straw as an agricultural media for agriculture production. In Egypt, a novel technique is to employ 
compress bales of rice straw as agricultural organic media (Abdel-Sattar et al., 2008).  

Despite the fact that mushroom growing is an environmentally benign technique, enormous 
volumes of solid waste, known as mushroom wasted substrate "MSS" (Pecchia et al., 2014), or 
mushroom compost, are created after harvesting (MC). According to Medina et al. (2012), the 
production of 1 kilogram of mushrooms generates around 5 kg of waste substrates, which might have a 
negative impact on the environment if not properly managed. It is important to manage these by-
products responsibly in order for the mushroom business to progress. Additionally, certain nutrients are 
still accessible in MSS for mushroom cultivation; nevertheless, most growers choose to replace the 
substrate and begin a fresh crop (Beyer, 2016). It is regarded as a great source of major and minor 
nutrients, as well as organic matter, and it has a wide range of applications.  

Researchers are seeking for suitable replacements to peat as agricultural growing media 
component due to decreasing availability and rising prices of peat. Regarding the high produced 
amounts of mushroom, very huge quantities of mushroom waste is exist without environment concern. 
However, re-using wastes of mushroom in nurseries as growing media is rare (Sendi et al., 2013). 
Furthermore, in Egypt, rice straw is an important by-product of the summer harvest. Every year, the 
rice fields generated about 5 million tonnes of rice straw. Until today, there has been no organized 
practical application for this trash (Sadek et al., 2014). 

For the best crops growing circumstances, sunlight presents the ideal source of lighting; because 
of it features related to spectral emission and its ability to entirely cover the absorption bands of all the 
photoreceptors (Navvab, 2009). Focusing on artificial lighting, during cool seasons the available natural 
light is not enough for strong growth of horticultural crops. So, supplemental light especially inside 
nursery and greenhouses is recommended (Burattini et al., 2017).  

In this concern, source of artificial light is a fetal factor in controlling of produced vegetables 
quantity and quality, because each source of light have its own characteristics that is reflected on the 
plant growth and development. Photomorphogenesis theories indicated that light quality is completely 
governing the development of plants throughout enabling photoreceptors i.e., (i) phytochromes, (ii) 
cryptochromes and (iii) phototropins. Those three photoreceptors are the key factor in regulation both 
of physiological and morphological reactions (Pinho, 2008). Process of germination, stem development, 
leaves enlargement and root development   are controlled by Phototropins and cryptochromes.  

LED lighting and its performance concerning keep up with plant growth and development studied 
by number of researchers (Yeh and Chung 2009), results of such studies proved the suitability and 
superiority of LED lighting compared to other light sources.  

Only a few researches have looked at the effects of additional lighting duration on vegetables, 
particularly seedlings during and immediately after, which has hampered the practical application of 
supplementary lighting to some extent.   

This study aims to determine the best alternative substrates growing media for nursery from 
mushroom wastes and chopped rice straw and their combination and positive effect of supplementary 
white color LED light duration i.e., (12 and 24) hours compared to conventional nursery substrate and 
natural light. 
 
2. Materials and Methods 
 

This study was carried out for determine possibilities of using mushroom wastes and chopped 
rice straw as alternative substrates growing media for nursery compared with peat moss media. As well 
as, supplementary white color LED light i.e., (12 and 24) hours plus natural light and their interaction 
in winter season through 2019 and 2020. 

 
2.1. Experimental layout: 

Current study was performed in nursery of Protected Cultivation Sector, Central Laboratory for 
Agricultural Climate (CLAC), Agricultural Research Center (ARC), Ministry of Agriculture and Land 
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Reclamation, Dokki Giza, Governorate, Egypt. The altitude and longitude for the site is N 30o.00ʹ.00ʺ 
and E 31o.140 ʹ.00 ʺ, respectively.  

 
2.2. Nursery preparation 

Glasshouse nursery 180m2, was divided for three parts using heavy black curtains; each part was 
appropriate for only one treatment of supplementary white color LED light.  

Styrofoam planting trays full by alternative substrates growing media i.e., (mushroom wastes and 
chopped rice straw), conventional substrate growing media (peat moss) and their combination by v/v. 
All substrates growing media were received chemical fertilizer amounts as follow ammonium sulphate 
(275g/450L), potassium sulphate (350g/450L), calcium super phosphate (225g/450L), a mixture of 
micronutrients (60g/450L), chemical fungicides (Rizolex 50g/450L) and calcium carbonate 
(4Kg/450L). Substrate properties for each component were shown in Table (1).  

Seeds of eggplant (Solanum melongena L., Classic F1) were sowing in trays at 15th November 
in each season 2019 and 2020. Supplementary LED light white color installed above Styrofoam planting 
trays by 50cm. Supplementary LED light white color was set from 6 pm to 6 am everyday through 
period of this study. 
 
Table 1: properties of tested substrate growing media. 

Properties 
Values 

Peat moss Mushroom wastes Rice straw 
PH 5.12 6.10 6.55 
EC (dS/m) 0.847 1.331 3.50 
Total nitrogen (%) 1.02 0.34 0.76 
Phosphorus (%) 0.04 0.16 0.63 
Potassium (%) 0.16 0.53 0.42 
Calcium (%) 0.63 0.51 * 
Manganese (%) 0.15 0.15 * 
Organic carbon% 45 61 85 
Ash (%) * 39 14 
Hemi cellulose (%)  * 15 18 
Cellulose (%)  * 14 21 
Lignin (%)  * 22 33 

 
2.3. Treatments 

Two supplementary duration LED light white color plus natural light, two types of agricultural 
wastes compared to peat moss and their interaction were tested as treatments. The spectrum of the 
supplementary light source (single LEDs: White color) used in the experiment: cold white LED was 
chosen for the luminous efficiency of its diffusion ability. 

 
a) Supplementary LED light white color durations 

 12 h light/12 h dark (12/12 h) 
 24 h light/0  h dark (24/0 h) 
 Natural light "0 supplement light" (0h) (control) 

Seeds trays started to receive supplementary LED light treatments directly after swing.  
 
b) Substrate growing media types: 

 Conventional substrate "peat moss + vermiculite (1:1 v/v)" as control (PM), 
 Chopped rice straw (RS), 
 Mushroom wastes (MW), 
 Chopped rice straw + Mushroom wastes "1:1 v/v" (RS + MW), 
 PM + Chopped rice straw "1:1 v/v" (PM + RS), 
 PM + Mushroom wastes "1:1 v/v" (PM + MW) and 
 PM + Chopped rice straw + Mushroom wastes "1:1:1 v/v/v" (PM + RS + MW). 
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2.4. Measurements 
Germination rate was observed after 5 days from sawing and calculated according to formula of 

Islam et al., 2009.  

Germination rate =
No. of seedlings germinate after 5days

No. of seedlings germinate after15 days
∗ 100 

Germination index calculated according to (A.O.S.A.) Association of Official Seed Analysis 
(1983) using the following formula: 

Germination index =
No. of germinating seeds

daysof first count
+

No. of germinating seeds

days of last count
  

Three seedlings were selected at random from each treatment after 40 days from sawing. These 
parameters (seedling height, number of leaves/seedling, chlorophyll reading in leaves, fresh and dry 
weights of seedling) were recorded. 

 
2.5. Experimental design and data analysis 

With three repetitions, the study was conducted in a split plot design. In the main plots, the 
various duration of supplementary LED light white color treatments were arranged, while in the sub 
plots, the various substrate growing media types were arranged. The analysis of variance approach was 
used to statistically assess the data obtained. Duncan's multiple range tests were used to compare mean 
values at a 5% level of probability (SAS, 2005).  
      
3. Results 
 

Substrates growing media, light supplementary hours by LED white color duration and 
interaction between them have a positive influence on seeds germination and growth of eggplant 
seedlings, according to statistical analysis of data. 

 
3.1. Seed germination 

Illustrated data in Tables (2 and 3) reflected the impact of using substrate growing media, light 
supplement hours by LED white color and interaction between them on seeds germination rate and 
germination index.  
 
Table 2: Impact of substrate growing media, light supplementary hours by LED white color and 

interaction between them on seeds germination rate (%) during 2019 and 2020 seasons. 
Substrate growing media White light supplementary hours Mean 

24h 12h 0h 
First season 

PM 92.05fg 92.87e 91.68gh 92.20C 
RS 89.65k 90.59j 88.78l 89.67F 
MW 90.74ij 91.21h 90.39j 90.78E 
RS+MW (1:1) 91.52h 92.91e 90.21hi 91.55D 
PM + RS (1:1) 91.87gh 93.85d 91.27h 92.33C 
PM + MW (1:1) 93.43d 94.67c 92.78e 93.63B 
PM + RS + MW (1:1:1) 95.83b 97.38a 94.69c 95.97A 
Mean 92.16B 93.35A 91.40C  

 Second season  
PM 93.88fg 95.95e 92.92gh 94.25C 
RS 91.02k 92.64j 87.89l 90.52F 
MW 92.51ij 94.15h 90.96j 92.54E 
RS+MW (1:1) 93.67h 95.56e 92.54hi 93.92D 
PM + RS (1:1) 94.54gh 96.23d 93.05h 94.61C 
PM + MW (1:1) 96.03d 97.02c 94.93e 95.99B 
PM + RS + MW (1:1:1) 96.78b 98.67a 95.68c 97.04A 
Mean 94.06B 95.75A 92.57C  
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Table 3: Impact of substrate growing media, light supplementary hours by LED white color and 
interaction between them on germination index (%) during 2019 and 2020 seasons. 

Substrate growing media White light supplementary hours Mean 
24h 12h 0h 

First season 
PM 5.05ghi 5.25g 4.82j 5.04C 
RS 3.31n 3.77m 3.04o 3.37F 
MW 3.84m 4.32l 3.44k 3.87E 
RS+MW (1:1) 4.76j 5.03ghi 4.45k 4.75D 
PM + RS (1:1) 5.16gh 5.69ef 4.87ij 5.24C 
PM + MW (1:1) 5.87e 6.94d 5.56f 6.12B 
PM + RS + MW (1:1:1) 7.45b 8.62a 7.05c 7.71A 
Mean 5.06B 5.66A 4.75C  
 Second season  
PM 5.25ghi 5.46g 5.01j 5.24C 
RS 3.44n 3.92m 3.16o 3.51F 
MW 3.99m 4.49l 3.58k 4.02E 
RS+MW (1:1) 4.95j 5.23ghi 4.63k 4.94D 
PM + RS (1:1) 5.37gh 5.92ef 5.06ij 5.45C 
PM + MW (1:1) 6.10e 7.22d 5.78f 6.37B 
PM + RS + MW (1:1:1) 7.75b 8.96a 7.33c 8.01A 
Mean 5.27B 5.89A 4.94C  

 
The highest positive impact of substrate growing media on mentioned two parameters was 

noticed with "PM + RS + MW" substrate followed in less order by "PM + MW" substrate. When, "PM 
+ RS" and PM substrates placed the third and fourth place, respectively, without any significant 
difference between them. Moreover, "RS" substrate recoded the lowest seeds germination rate and 
germination index. 

Regarding the supplementary hours of white color LED light, it was noticeable that the two tested 
parameters were improved under both supplemented duration more than natural light (0h) treatment. 
The greatest values observed with supplementary light for 12h treatment followed by in less order 24h 
treatment. 

Considering the interaction, indicated that sawing eggplant seeds in "PM +RS + MW" substrate 
plus "12h" supplementary light treatment increased germination rate and germination index among 
other treatments. When, "RS" substrate + "0h" treatment reduced both tested parameters significantly. 
This trend was true in both tested seasons.  
 
3.2. Seedlings height 

The current study found that eggplant seedlings height were reliant on the substrate growing 
media (Table, 4). The highest significant value were recorded with "PM + RS + MW" treatment. 
However, second, third and fourth were found "PM", "PM + MW" and "PM + RS" treatments, 
respectively, without any significant difference between the three treatments. While, cultivated seeds 
in "RS" treatment lead to reduce seedlings height. 

Best impact of supplementary light hours was indicated with 12h treatment followed by 0h 
treatment and 24h treatment which placed the last place and decreased this parameter. 

 The same significant influence, was obtained with interaction of "PM + RS + MW" plus "12h" 
treatment which, encouraged seedlings height, when, "RS" + "24h" treatment observed shortest 
seedlings height. Those trends were noticed in both tested seasons. 

 
3.3. Number of leaves per seedling 

Illustrated data in Table (5) demonstrate that number of leaves per seedling was enhanced by 
cultivation seeds in "PM + RS + MW" treatment among other substrates media. Other substrates 
growing media were arranged in less order, "PM", "PM + MW", "PM + RS" (without any significant 
difference), "MW + RS", "MW" and "RS", which reduced this parameter, respectively. 

Supplementary light hours by LED white color had significantly impact on number of leaves per 
seedling. Supplement light for "12h" treatment increased number of leaves per seedling compared to 
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supplementary light for "0h" and "24h" treatments. Furthermore, supplementary light for 24h gave 
shortage in number of leaves per seedling. 

Considering the interaction, sowing seeds in "PM + RS + MW" substrate media treatment with 
supplementary light for "12h" treatment obtained the greatest number of leaves per seedling among 
other tested treatments. Although, substrates media "MW" and "RS" treatments, respectively, interacted 
with supplementary light for 24h treatment were lead to decrease this parameter without any significant 
difference. These Results were true in both growing seasons.             
 
Table 4: Impact of substrate growing media, light supplementary hours by LED white color and 

interaction between them on seedlings height (cm) during 2019 and 2020 seasons. 

Substrate growing media 
White light supplementary hours Mean 

24h 12h 0h 
First season 

PM 13.98f 16.65c 15.00e 15.21B 
RS 9.03m 10.62k 9.56l 9.74E 
MW 10.54k 12.40h 11.16j 11.37D 
RS+MW (1:1) 11.80i 13.88f 12.49h 12.72C 
PM + RS (1:1) 13.12g 15.73d 14.16f 14.34B 
PM + MW (1:1) 13.34g 15.70d 14.13f 14.39B 
PM + RS + MW (1:1:1) 15.77d 18.94a 17.05b 17.25A 
Mean 12.51C 14.85A 13.36B  
 Second season  
PM 12.72f 15.15c 13.65e 13.84B 
RS 8.21m 9.66k 8.70l 8.86E 
MW 9.59k 11.28h 10.16j 10.34D 
RS+MW (1:1) 10.74i 12.63f 11.37h 11.58C 
PM + RS (1:1) 11.94g 14.31d 12.88f 13.05B 
PM + MW (1:1) 12.14g 14.29d 12.86f 13.09B 
PM + RS + MW (1:1:1) 14.35d 17.24a 15.51b 15.70A 
Mean 11.38C 13.51A 12.16B  

 
Table 5: Impact of substrate growing media, light supplementary hours by LED white color and 

interaction between them on number of leaves/Seedling during 2019 and 2020 seasons. 

Substrate growing media 
White light supplementary hours Mean 

24h 12h 0h 
First season 

PM 6.25ef 7.53b 6.85d 6.88B 
RS 3.74m 4.35jk 3.96l 4.02D 
MW 3.79lm 4.41jk 4.10kl 4.10D 
RS+MW (1:1) 4.63ij 5.38h 4.90i 4.97C 
PM + RS (1:1) 5.82g 7.15c 6.51e 6.49B 
PM + MW (1:1) 6.05fg 7.21bc 6.56de 6.61B 
PM + RS + MW (1:1:1) 6.75d 8.16a 7.43b 7.45A 
Mean 5.29C 6.31A 5.76B  
 Second season  
PM 5.63ef 6.78b 6.17d 6.19B 
RS 3.37m 3.92jk 3.56l 3.61D 
MW 3.41lm 3.97jk 3.69kl 3.69D 
RS+MW (1:1) 4.16ij 4.84h 4.41i 4.47C 
PM + RS (1:1) 5.24g 6.44c 5.86e 5.84B 
PM + MW (1:1) 5.45fg 6.49bc 5.90de 5.95B 
PM + RS + MW (1:1:1) 6.08d 7.34a 6.68b 6.70A 
Mean 4.76C 5.68A 5.18B  

 
3.4. Chlorophyll reading in leaves (SPAD) 

Chlorophyll reading in leaves of eggplant seedlings was affected significantly by substrate 
growing media, light supplementary hours by LED white color and interaction between them Table (6). 
The highest chlorophyll reading in seedlings leaves was observed with "PM + RS + MW" treatment 
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followed by "PM + MW" and "PM + RS" treatments, respectively without any significant difference. 
Whereas, "PM" treatment placed the third significant place and followed in less order by treatments 
"RS + MW", 'MW" and "RS" which placed last place, where, using it reduced chlorophyll reading in 
leaves of seedlings to the less recorded reading. 

In other hand, supplementary eggplant seedlings by LED light white color for "12h" improved 
chlorophyll reading in seedlings leaves, when, supplementary eggplant seedlings for "24h" decreased it 
to be the last significant reading. 

Refers to interaction between tested factors reflected positively on grow eggplant seedlings. 
Interaction between "PM + RS + MW" & "12h" treatment increased leaves chlorophyll reading rather 
than other tested treatments. When, the reduction of chlorophyll reading in seedlings leaves was 
observed with "RS" + "24h" treatment. Same trend was found in two growing seasons. 

 
 Table 6: Impact of substrate growing media, light supplementary hours by LED white color and 

interaction between them on Chlorophyll reading in leaves (SPAD) during 2019 and 2020 
seasons.  

Substrate growing media 
White light supplementary hours Mean 

24h 12h 0h 
First season 

PM 36.18gh 40.65d 37.80ef 38.21C 
RS 31.58k 35.48hi 33.00jk 33.35F 
MW 33.25ij 37.36fg 34.74hi 35.12E 
RS + MW (1:1) 34.50ij 38.76ef 36.05gh 36.43D 
PM + RS (1:1) 38.91e 43.72b 40.66d 41.10B 
PM + MW (1:1) 39.23e 44.08b 40.99d 41.44B 
PM + RS + MW (1:1:1) 42.23c 47.45a 44.13b 44.60A 
Mean 36.55C 41.07A 38.20B  
 Second season  
PM 34.37gh 38.62d 35.91ef 36.30C 
RS 30.00k 33.71hi 31.35jk 31.68F 
MW 31.59ij 35.49fg 33.01hi 33.36E 
RS+MW (1:1) 32.77ij 36.82ef 34.24gh 34.61D 
PM + RS (1:1) 36.97e 41.53b 38.63d 39.04B 
PM + MW (1:1) 37.27e 41.88b 38.94d 39.36B 
PM + RS + MW (1:1:1) 40.12c 45.08a 41.92b 42.37A 
Mean 34.73C 39.02A 36.29B  

 
3.5. Seedlings fresh and dry weights 

Fresh and dry weights of eggplant seedlings were greatly affected by substrate growing media 
Tables (7 and 8). Fresh and dry weights were increased in "PM + RS + MW" treatment than other tested 
substrates media. "PM", "PM + MW" and "PM + RS" treatments were ranked second, third and fourth 
significant; respectively, in less order without any significant difference between the three 
treatments.When. "RS" treatment placed the last place with decrease in seedlings fresh and dry weights. 

In other word, seedlings fresh and dry weights were significantly affected by supplementary light 
hours. The greatest improved at seedlings fresh and dry weights were noticed with supplementary light 
for "12h" treatment followed by "0h" treatment, while, supplement light for "24h" treatment reduced 
both parameters. 

Regarding to interaction indicated that "PM + RS + MW" plus "12h" treatment enhanced 
seedlings fresh and dry weights positively than other treatments, whereas, "RS" + "24h" treatment 
reduced their. Same result was found in both tested seasons.       
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Table 7: Impact of substrate growing media, light supplementary hours by LED white color and 
interaction between them on seedlings fresh weight (g) during 2019 and 2020 seasons.    

Substrate growing media 
White light supplementary hours Mean 

24h 12h 0h 
First season 

PM 22.68h 25.77b 24.74d 24.40B 
RS 12.54s 15.68p 14.27r 14.16E 
MW 14.26r 17.83m 16.23o 16.11D 
RS+MW (1:1) 16.47n 18.72k 17.97l 17.72C 
PM + RS (1:1) 21.87i 24.85d 23.86f 23.52B 
PM + MW (1:1) 21.73j 25.12c 24.12e 23.66B 
PM + RS + MW (1:1:1) 23.55g 26.76a 25.69b 25.33A 
Mean 19.02C 22.10A 20.98B  
 Second season  
PM 21.54h 24.48b 23.50d 23.18B 
RS 11.92s 14.90p 13.56r 13.46E 
MW 13.55r 16.94m 15.41o 15.30D 
RS+MW (1:1) 15.65n 17.78k 17.07l 16.84C 
PM + RS (1:1) 20.77i 23.61d 22.66f 22.35B 
PM + MW (1:1) 20.64j 23.86c 22.91e 22.47B 
PM + RS + MW (1:1:1) 22.37g 25.42a 24.41b 24.07A 
Mean 18.06C 21.00A 19.93B  

 
Table 8: Impact of substrate growing media, light supplementary hours by LED white color and 

interaction between them on seedlings dry weight (g) during 2019 and 2020 seasons.    

Substrate growing media 
White light supplementary hours Mean 

24h 12h 0h 
First season 

PM 6.09f 7.45b 6.53d 6.69B 
RS 3.17o 4.05l 3.35n 3.52E 
MW 3.86m 4.53k 4.12l 4.17D 
RS+MW (1:1) 4.82j 5.74g 5.10i 5.22C 
PM + RS (1:1) 5.45h 6.82c 6.29e 6.19B 
PM + MW (1:1) 5.69g 6.83c 6.35e 6.29B 
PM + RS + MW (1:1:1) 6.55d 8.15a 7.54b 7.41A 
Mean 5.09C 6.22A 5.61B  
 Second season  
PM 5.91f 7.23b 6.33d 6.49B 
RS 3.07o 3.93l 3.25n 3.42E 
MW 3.74m 4.39k 4.00l 4.04D 
RS+MW (1:1) 4.68j 5.57g 4.95i 5.06C 
PM + RS (1:1) 5.29h 6.62c 6.10e 6.00B 
PM + MW (1:1) 5.52g 6.63c 6.16e 6.10B 
PM + RS + MW (1:1:1) 6.35d 7.91a 7.31b 7.19A 
Mean 4.94C 6.04A 5.44B  

 
4. Discussion 

This investigation presented that all substrates, media for growing, and supplementary light LED 
white color, as well as their interaction, stimulated eggplant seedling parameters as compared to 
seedlings exclusively exposed to natural sunshine. 

Statistical analysis of previous data reflected that because there were substantial effects in all 
seed germination metrics due to using different tested substrate media, mixed substrate media revealed 
that "PM + MW + RS" is the best substrate growing media among various treatments for seedling 
growth parameters i.e., (seedling height, number of leaves, chlorophyll reading in leaves, fresh and dry 
weights). 

This positive achieves attributed to, in generally, chemical characteristics of substrates media are 
extremely important when it effects on nutrient availability for plants. Both of pH and EC ranges are 
the main factors for nutrient uptake by plants, tested growth media pH ranged between 5.12 and 6.55 
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and EC ranged between 0.84 and 3.5. Those ranges were similar to those reported by Irshad and Saleem, 
(2011). Principal elements for plant nutrition such as nitrogen, phosphorus, and potassium, are usually 
available for plant absorption within growth media's pH range from 5.5 to 6.5, according to Munita, 
(2001) and Tariq et al. (2012). Furthermore, as pH rises, many nutrients' solubility decreases, and other 
nutrients precipitate as solid compounds that the plant cannot utilize (Altland, 2006). "PM" media has 
characterized by much lower pH and EC values than "MW" or "RS" substrates media. In comparison 
between sole 'PM" media and mixing "PM" with "MW" or "RS" or all of them in equal volume resulted 
in higher growth parameters to the seedlings of eggplants, which is due to effect of dilution on pH and 
EC.  

These findings are similar to those of Eudoxie and Alexender (2011), who reported combining 
"PM" and "MW" or 'RS" produced in-between range of pH and EC values in comparison with using 
the sole "PM" or "MW"/"RS". On other hand, the most important criteria for determining the adequacy 
of a growth medium is its ability to give critical nutrients to plants (Tariq et al., 2012; Idowu and Kadiri, 
2013). Moreover, Eudoxie and Alexender (2011) also found that "MW" and "RS" media had a higher 
content of macronutrients than peat-based media. "MW" and "RS" have been demonstrated to boost the 
nutritional availability of growing media, according to Medina et al., 2009 and Sadek et al., 2014. 
However, the overall nutritional content of "MW" was insufficient to allow normal seedling growth 
without the need of external fertilizer, as evidenced by the poor growth of seedlings sowing in "MW" 
or 'RS". Although, this may not prevent "MW" or "RS" from being used as a growth substrate, it will 
increase the cost of fertilizer inputs (Idowu and Kadiri, 2013). Furthermore, Sadek et al. (2014) 
mentioned that compared to other studied treatments, mixing rice straw together with 20% of media 
volume compost addition to using Azotobacter chroococcum and Paenibacillus polymyxa bacterial 
inoculation resulted in maximum crop production. 

In addition, Seedlings to reach their full potential height, they need a well-balanced growth media 
with plenty of nutrients (Tariq et al., 2012). Employing varying mixes of "MW"/"RS" with "PM" or all 
of them in one growing media had different impacts concerning the height of seedling. When compared 
to other media, it was discovered that "MW" or "RS" in sole presents less potting mix results for 
seedling height. Seedlings height was increased by using "PM" "MW"/"RS" with "PM" or all of them 
"PM + MW + RS" combinations in various available amounts of nutrient. This could be due to the 
beneficial effect of sufficient nutrient availability for seedlings usage. Vegetative growth was aided by 
higher nitrogen levels in the enriched substrate media "PM + MW +RS", which was reflected in 
seedlings height (Sendi et al., 2013). These results are consistent with those of Eudoxie and Alexender, 
2011 and Awang et al., 2010, who similarly found differences in seedlings height between growing 
mediums. Seedlings need leaves because they are the primary location of photosynthesis in plants, 
where glucose and proteins are produced as well as transpiration. Furthermore, growth media influenced 
leaf number, which is a crucial yield determinant for plants. In terms of leaf parameter, media with 
"PM" or a mixture of "MW" or "RS" produced the most leaves per seedling with 6 to 7 leaves per 
seedling. Seedlings grown in "MW"/"RS" produced two to three tiny leaves per seedling. This could be 
because "MW" or "RS" is deficient in the critical micronutrients that plants require to produce and retain 
leaves (Sendi et al., 2013). However, seedlings grown on media containing "PM" or both "MW"/"RS" 
received sufficient mineral elements, resulting in a higher number of leaves. Similar findings have 
previously been found in okra (Idowu and Kadiri, 2013), tomato (Eudoxie and Alexender, 2011), and 
eggplant (Sadek et al., 2014). 

The amount of chlorophyll in a leaf is proportional to the SPAD value, and the SPAD value and 
leaf nitrogen content have a linear connection. As a result, plants with greater SPAD values are greener 
and healthier. This could be attributed to the fact that rich substrates media provided sufficient nitrogen 
to the seedlings, resulting in greater SPAD values. Nitrogen deficit caused leaf chlorosis and low SPAD 
values in seedlings growing in poor substrates media in NPK. Also, Altland and Krause, 2010 reported 
different SPAD values between different growths media. 

Seedlings which cultivated in enriched substrate media from nutrient elements their weight (fresh 
and dry) was significantly higher than when they were grown in poor substrate media. Higher nutrient 
availability to plants provided led to seedlings growing faster. Low nitrogen content was caused by the 
poor development of plants cultivated (Sadek et al., 2014).  

In the same way, Manh and Wang (2014) indicated that combining substrate especially 
"vermicompost with rice husks ash and coconut husk" at a 1:1:1 ratio offered the best results in terms 
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of germination rate, seedling height, number of leaves, and seedling biomass. This due to preserve 
media humidity, boost content of nutrition, and improve structure of the media, which increases 
absorption of water, and increased elongation of cells and optimal respiration which, leading to higher 
germination, increased biomass, balanced nutritional requirements improved growth and development. 
Mixing different media components have a role in improving physical conditions of the media and 
nutritional elements had a substantial influence on seedling growth metrics when vermicompost + 
cocopeat was used together (Sahni et al., 2008). Campos Mota et al. (2009) and Abirami et al. (2010) 
found that mixing coir dust with enriched substrate media provided a better growing medium for 
seedling establishment. 

Rather than, changes in germination promotion amongst substrates could be attributable to 
differing in moisture holding capacity and soil aeration. Adding organic components such as MW and 
RS to substrate media may have increased the substrate water holding capacity and improved its 
aeration. Seedling height and branch number were higher for seedlings grew, following the same trend 
as germination characteristics. Enhanced substrate physical qualities (e.g., water holding capacity) and 
perhaps nutritional conditions could also contribute to better seedling growth. Furthermore, substrate 
which achieved those improved should have offered better substrate porosity, as well as substrate 
moisture and nutrients, which increased seedling growth. Also, optimum moisture and enough aeration 
are more critical than nutrient levels for seedling growth performance at the early growth stages. 
Seedlings cultivated on substrate medium attributed their delayed growth to the substrate low porosity 
and poor drainage (Kibru et al., 2015). 

On other word, supplementary light are significant because they have a significant impact on the 
quality and quantity of plants growing under them (Hogewoning et al., 2010; Amoozgar et al., 2017). 
As a result, determining the best light duration for maximum plant output is critical (Ye et al., 2017). 
As a result, the LED was developed and used in horticulture production (Hasan et al., 2017; Bantis et 
al., 2018) to enhance the efficiency of transfer electron and offer specific wave length for each step of 
growth or development of plants. Seedlings' growth and development were all affected by the additional 
light source. 

In present study, obtained the positive effect of LED white light supplement for 12 or 24 hours, 
had enhanced tested characteristic of eggplant seedlings such as germination rate and vegetative growth 
more than natural light (without supplement light). In addition, applying LED white light supplement 
for 12 hours had the greatest favorable effects in increasing all tested parameters. This improved due to 
the most likely reason for this was because mixing LEDs offer larger ratio between both red and blue 
light, boosting the efficiency of photosynthetic wavelength (Liu et al., 2019). Also, white LEDs are 
made from blue LEDs and phosphors, and the efficiency of blue LEDs has increased, making white 
LEDs more efficient. As a result, the white LED light was created by combining red, blue, and green 
light (Sadek et al., 2021). White LED light provides plants with the advance of utilization of all 
wavelengths inside PAR (photosynthetic active radiation) (Burattini et al., 2017). Rather than, stomata 
play an important role in plant activity because they regulate gas exchange with the environment, as 
well as, impact both of photosynthesis and transpiration (Fanourakis et al., 2015; Rui and Anderson, 
2016; Hedrich and Geiger, 2017). Previous research has demonstrated that supplemental light has an 
effect on stomata formation, growth, and function (Lee et al., 2007; do Nascimento Vieira et al., 2015; 
Jensen et al., 2018). 

White LED light produced a limited band within 460 nm wave length (blue light) and large 
amount of long wavelength, which looks like sunlight (Pimputkar et al., 2009; Cope and Bugbee, 2013). 
Matysiak and Kowalski, 2019 confirmed that provide plants with a "16 h" photoperiod of LED light 
white color finding a better circumstances for producing biomass in each of investigated crops. 
Increases in chlorophylls in plants have a favorable effect on photosynthesis rate (Abidi et al., 2013), 
as well as the amount of chemical components generated, especially carbohydrates, which are the major 
result of the photosynthetic process. LED illumination with a low amount of blue and a high percentage 
of red wavelengths lead leaves to have more sugar and phenol (Piovene et al., 2015). Most growth and 
developmental indicators of seedlings given extra illumination were higher than those of control 
seedlings. The seedlings produced with "12 h" light period additions to "16 h" light period were nearly 
identical, and they were superior compared to seedlings grown under "8 h" supplemental duration. But, 
Supplement LED white color for 12 hours was best for quality enhancement of the two cultivars of 
grafted watermelon seedlings (Wei et al., 2020). Rather more, seedlings produced with "12" and "16" 
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hours of additional illumination exhibited no significant difference in fresh and dry weights of 
seedlings, but were considerably greater than seedlings cultivated with 8 hours or without additional 
lighting. Jiang et al., 2017, Li and Kubota, 2009, and others have proven that enough supplemental light 
may boost crop biomass. Hidaka et al. (2014) used LED supplementary light to treat strawberries in the 
greenhouse and discovered that "12" hours of supplementary light resulted in a leaf photosynthesis 
significant increment. In cucumber seedlings, Hao and Papadopoulos, 1999, discovered that 
supplemental illumination improved biomass accumulation and leaf quality. Also, lack of light led 
plants to slender and stretchable, become etiolated and grow thin stems, and be more vulnerable to 
damage and illnesses, according to Piszczek and Głowacka, 2008; Ochieng et al., 2010 and Klamkowski 
et al., 2014.  

Although, these findings demonstrate that while extra light enhanced seedling quality, 24 hours 
of supplementary light was insufficient to get the best outcomes. Also, Wei, et al. (2020) observed that 
these are thought to be the reasons why, in his study; the biomass of 16 hours of extra light did not 
increase considerably compared to that of "12" hours. 

The favorable effect of supplementary LED white light for "12h" more than "24h" attributed to 
in the region of light restriction; the net photosynthetic rate exhibits a linear increase in response to 
additional light. Saturation happens at increasing light levels when the photosynthetic mechanism's 
effectiveness is decreased owing to the activation of energy quenching mechanisms. Photoxidative 
stress can cause net photosynthesis to diminish under excess light situations (Benedetti et al., 2018). 
The reaction of plants to continuous light was examined by Velez-Ramirez et al. (2011), whom, found 
that continuous light caused photo-oxidative damage in several species. It might cause a carbon 
imbalance, resulting in reduced photosynthesis. Long photoperiod has a detrimental impact on tomato 
plant development (Ménard et al., 2005). Wei et al., 2020, mentioned that based on the findings in his 
study conclude that 12 hours of extra light before transplanting grafted watermelon seedlings in winter 
is the best length. Because the amount of light available fell below a particular threshold, the 
photosynthetic rate slowed or even stopped increasing. Also, indicated that these are thought to be the 
reasons why the biomass of 16 hours of extra light did not increase considerably compared to that of 12 
hours. Furthermore, previous research has showed that a photoperiod of 14 hours produces the greatest 
tomato growth and production. The yield did not increase with longer photoperiods. After 6 to 8 weeks, 
photoperiods of 20 or 24 hours were shown to reduce yield and produce leaf chlorosis (Vézina et al., 
1991; Demers et al., 1998). Müller et al. (2014) demonstrated that high levels of light, particularly 
ultraviolet (UV) light, generated stressors in plants that may lead to significant damage to DNA, 
proteins, and other cellular components, and even suggested that plants might establish an epigenetic 
memory of UV and light stresses. Suzuki et al. (2015) discovered changes in the amounts of mRNA in 
plants that are acclimating to light stressors. 

One of the restrictions limiting the production of vegetable and fruit crops during the winter is a 
lack of sunshine. The light is dimmed even more when natural light access through the greenhouse's 
cover type. In comparison to other sunny seasons, the low light environment will cause delivery delays 
and worse quality of produced seedling. Artificial light sources can be utilized to aid in the assimilation 
of seedlings, and supplemental illumination can also be employed to improve seedling quality and save 
production time (Wei et al., 2020). Prolonging the photoperiod with supplementary light results in 
increases in development and yield for many species and is a widely used technique in greenhouses 
(Warrington and Norton, 1990; Fierro et al., 1994). However, it have been reported that,  while exposed 
to supplementary light the periodical chlorosis and necrosis appear in many of  solanacene leaves 
including eggplant, tomato and potato (Bradley and Janes, 1985; Murage et al., 1996 a and b; Stutte et 
al., 1996). Environmental stress-related photo-bleaching of green tissues attributed to the damaging 
action of oxygen in an excited state such as the superoxide anion (O-), hydrogen peroxide (H2O2) and 
hydroxyl (OH) radicals is well reported (Asada, 1994; Foyer et al., 1994). Oxygen radicals are normal 
metabolites inactivated by the enzymes of antioxidant such as superoxide dismutase (SOD) which 
catalyses the dismutation of superoxide (O2

-) to O2 and H2O2. Catalase (CAT) andperoxidase (POD) are 
involved in the subsequent removal of H2O2 (Bowler et al., 1992; Foyer et al., 1994). Enhanced 
production of reactive oxygen species is stimulated under stress conditions such as chilling, desiccation, 
senescence and high light (Rabinowitch and Sklan, 1980) which perturb photosynthetic electron 
transport through photosystem II. In the continuous light sensitive plants like eggplant (Hori et al., 
1987; Murage et al., 1996 a and b), leaf injury is preceded by not only a loss of the photosynthetic 
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ability due to feedback inhibition (Demers et al., 1994; Stutte et al., 1996). But, also by a loss of carbon 
metabolism competence, resulting in massive accumulation of starch in the leaves (Murage et al., 1996 
b and c; Stutte et al., 1996). Recently, Dorais et al. (1995) reported that in these situations, 
photosynthetic efficiency is reduced as interception of the incoming light continues unabated. It is 
therefore possible that a direct leakage of electrons to molecular oxygen occurs, enhancing the 
generation of toxic oxygen species. This can damage the ultrastructure and function of chloroplasts, and 
photosynthetic pigments leading to leaf chlorosis (Asada, 1994; Foyer et al., 1994). To date, it has not 
been established whether the leaf injury observed under continuous light stress in eggplant is related to 
photooxidation. Moreover, the mechanisms underlying the tolerance of pepper to continuous light are 
still not yet clear. 

From the aforementioned can understand why supplementary LED light white color for 24h not 
enhanced eggplant seedlings quality more than natural light (without supplementary LED light white 
color for "0h").      

As harmony with mentioned before, a similar positive effect of supplemental white LED light 
was observed for plant height, leaf number and leaf size. Supplementary white LED light for 12h was 
more effective than white LED light 24 h and natural light (0h) in increasing all tested growth 
parameters at our study. 

Seed germination is an important process for plants that is irreversible once it begins and commits 
the embryo to one of two outcomes: death or development (Fenner and Thompson, 2005). One of the 
most susceptible periods of a plant's life cycle is simultaneous seed germination and the ensuing period 
that culminates with the formation of an autonomous juvenile plant (Kitajima and Fenner, 2000).  

On other hand, photochrome A is involved in seed germination when the fluency is low (Casal 
and Sánchez, 1998; Takaki, 2001). Furthermore, seeds can be exposed to a variety of environmental 
conditions, and seeds germinate owing to the activity of phytochrome A and B, except in full darkness. 
Substrate, which, pass allowed longer wavelengths and better light transmittance (Pons, 2000). Seeds 
are able to germinate on this unique substrate. Shorter wavelengths may promote germination in seeds 
buried close to the substrate surface during the winter season, when the R:FR ratio and light 
transmission are favorable in humid, substrate, and shorter wavelengths may promote germination in 
seeds buried close to the substrate surface (Rojas-Aréchiga et al., 1997). A necessity for light for 
germination, according to (Bentíz-Rodrígues et al., 2004), means that only seeds near the substrate 
surface will germinate, since the quality and amount of light under the substrate influences the Pr:Pfr 
phytochrome ratio in seeds, preventing or encouraging germination. Furthermore, certain seeds that 
have been buried in the soil are highly sensitive. Due to phytochrome A, a few milliseconds of light 
exposure can be enough to cause germination (Botto et al., 1996; Smith 2000). 
 
5. Conclusion 

From this study, summarized that it is useful using an alternative substrate growing media content 
from local martial, especially, agricultural wastes which advanced by rich micro and macro nutrients 
and cheap price compared to peat moss substrate. In other word, applying duration supplementary LED 
light had greatest impact on increasing germination (rate, index) of eggplant seeds and improved growth 
characters of seedlings i.e., (seedling height, number of leaves per seedling, chlorophyll reading in 
leaves, fresh and dry weight of seedlings. All of that was achieved by sawing eggplant seed in substrate 
growing media made from peat moss (PM) + chopped rice straw (RS) + mushroom wastes (MW) by 
(1:1:1 v/v/v) under duration supplementary LED light white color for "12h". 
 
References 
 
Abad, M., P. Noguera and S. Burés, 2001. National inventory of organic wastes for use as growing 

media for ornamental potted plant production: case study in Spain. Bioresource Technology, 
77(2): 197–200. 

Abdel-Sattar, M.A., H.A. El-Marzoky and A.I. Mohamed, 2008. Occurrence of soil borne diseases and 
root knot nematodes in strawberry plants grown on compacted rice straw bales compacted with 
naturally infested soils. Journal of Plant Protection Research, 48(2): 223-235. 



Middle East J. Agric. Res., 10(2): 786-802, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.2.52  

798 

Abidi, F., T. Girault, O. Douillet, G. Guillemain, G. Sintes, M. Laffaire, H. Ben Ahmed, S. Smiti, L. 
Huché-Thélier and N. Leduc, 2013. Blue light effects on rose photosynthesis and 
photomorphogenesis. Plant Biol., 15: 67–74. 

Abirami, K., J. Rema, P.A. Mathew, V. Srinivasan and S. Hamza, 2010. Effect of different propagation 
media on seed germination, seedling growth and vigour of nutmeg (Myristica fragrans Houtt.). 
J. Medicinal Plants Research, 4: 2054-2058. 

Altland, J.E. 2006. Substrate pH, a tricky topic. Digger, 50: 42–47. 
Altland, J.E. and C. Krause. 2010. Modification of switch grass substrate pH using compost, peat moss, 

and elemental sulfur. Hort-Technology, 20(6): 950–956. 
Amoozgar, A., A. Mohammadi and M.R. Sabzalian, 2017. Impact of light-emitting diode irradiation on 

photosynthesis, phytochemical composition and mineral element content of lettuce cv. Grizzly. 
Photosynthetica, 55(1): 85–95. 

Asada, K., 1994. Production and action of active oxygen species in photosynthetic tissues, p. 77-104. 
In Foyer, C.H., Mullineaux, P.M. (Eds.), Causes of photooxidative stress and amelioration of 
defen se systems in plants. CRC press, Tokyo. 

Association of Official Seed Analysis (A.O.S.A.). 1983. Seed vigour testing handbook contribution No. 
32 to handbook on seed testing.   

Awang, Y., A.S. Shaharom, R.B. Mohamad and A. Selamat, 2010. Chemical and physical 
characteristics of cocopeat-based media mixtures and their effects on the growth and 
development of celosia cristata. American Journal of Agricultural and Biological Science, 5(1): 
70–76. 

Bantis, F., S. Smirnakou, T. Ouzounis, A. Koukounaras, N. Ntagkas and K. Radoglou, 2018. Current 
status and recent achievements in the field of horticulture with the use of light-emitting diodes 
(LEDs). Scientia Horticulturae, 235: 437–451. 

Benedetti, M., V. Vecchi, S. Barera and L. Dall’Osto, 2018. Biomass from microalgae: The potential 
of domestication towards sustainable biofactories. Microb. Cell Fact, 17: 173. 

Benítez-Rodrígues, J., A. Orozco-Segovia and M. Rojas-Aréchiga. 2004. Light effect on seed 
germination of four Mammillari species from the Tehuacán-cuicatlán valley, central Mexico. 
Southwest. Nat., 49(1): 11-17. 

Beyer, D.M., 2016. Cultivation of oyster mushrooms. Penn State Extension, Penn State University. 
Botto, J.F., A. Sánchez, G.C. Whitelam and J.J. Casal, 1996. Phytochrome A mediates the promotion 

of seed germination by very low fluences of light and canopy shade light in Arabidopsis. Plant 
Physiol., 110(2): 439-444. 

Bowler, C., M.V. Montagu and D. Inze, 1992. Superoxide and stress tolerance.  Annu. Rev. Plant 
Physiol. Plant Mol. Biol., 43: 83-116. 

Bradley, F.M. and H.W. Janes, 1985. Carbon partitioning in tomato leaves exposed to continuous light. 
Acta Hortic., 174: 293-302. 

Burattini, C., B. Mattoni and F. Bisegna, 2017. The impact of spectral composition of white LEDs on 
spinach (Spinacia oleracea) growth and development. Energies, 10(1383): 1-14. 

Bustamante, M.A., C. Paredes, R. Moral, E. Agulló, M.D. Pérez- Murcia and M. Abad, 2008. Composts 
from distillery wastes as peat substitutes for transplant production. Resources, Conservation 
and Recycling, 52(5): 792–799. 

Campos Mota, L., U. Van Meeteren and C. Blok, 2009. Comparison of physical properties of 
vermicompost from paper mill sludge and green compost as substitutes for peat based potting 
media. Acta Horticulturae, 819: 227-234. 

Casal, J.J. and R.A. Sánchez, 1998. Phytochromes and seed germination. Seed Sci. Res., 8: 317-329. 
Cope, K.R. and B. Bugbee, 2013. Spectral effects of three types of white light-emitting diodes on plant 

growth and development: absolute versus relative amounts of blue light. HortScience, 48: 504–
509. 

Demers, D.A., S. Yelle and A. Gosselin, 1994. Effects of continuous lighting on enzyme activities of 
leaf carbon metabolism of tomato and pepper plants. HortScience, 29(4): 250. 

Demers, D.A., M. Dorais, C.H. Wien and A. Gosselin, 1998. Effects of supplemental light duration on 
greenhouse tomato (Lycopersicon esculentum Mill.) plants and fruit yields. Sci. Hortic., 742: 
95–306. 



Middle East J. Agric. Res., 10(2): 786-802, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.2.52  

799 

Do Nascimento Vieira, L., H.P. de Freitas Fraga, K.G. dos Anjos, 2015. Light-emitting diodes (LED) 
increase the stomata formation and chlorophyll content in Musa acuminata (AAA) 
‘NãnicáoCorupa’ in vitro plantlets. Theoretical and Experimental Plant Physiology, 27(2): 91–
98. 

Dorais. M., R. Carpencier, S. Yelle and A. Gosselin, 1995. Adaptability of tomato and pepper leaves to 
changes in photoperiod: Effects on the composition and function of the thylakoid membrane. 
Physiol. Plant, 94: 692-700. 

Eudoxie, G.D. and I.A. Alexender, 2011. Spent mushroom substrate as a transplant media replacement 
for commercial peat in tomato seedling production. Journal of Agricultural Science, 3: 41–49. 

Fanourakis, D., H. Giday and R. Milla, 2015. Pore size regulates operating stomatal conductance, while 
stomatal densities drive the partitioning of conductance between leaf sides. Annals of Botany, 
115(4): 555–565. 

Fenner, M. and K. Thompson, 2005. The Ecology of Seeds, Cambridge University Press, Cambridge. 
Fierro, A., N. Tremblay and A. Gosselin, 1994. Supplemental carbon dioxide and light improved tomato 

and pepper seedling growth and yield. HortScience, 29: 152-154. 
Foyer, C.H., M. Lelandais and K.J. Kunert, 1994. Photooxidative stress in plants. Physiol. Plant, 92, 

696-717.  
Grigatti, M., C. Ciavatta and M.E. Giorgioni, 2008. Growth and nutritional status of bedding plants on 

compost-based growing media. Acta Horticulturae, 779: 607–614. 
Hao, X. and A.P. Papadopoulos, 1999. Effects of supplemental lighting and cover materials on growth, 

photosynthesis, biomass partitioning, early yield and quality of greenhouse cucumber. Sci. 
Hortic., 80: 1–18. 

Hasan, M.M., T. Bashir, R. Ghosh, S.K. Lee and H. Bae, 2017. An overview of LEDs’ effects on the 
production of bioactive compounds and crop quality. Molecules, 22(9): 1-12. 

Hedrich, R. and D. Geiger, 2017. Biology of SLAC1-type anion channels from nutrient uptake to 
stomatal closure. New Phytologist, 216(1): 46–61. 

Hidaka, K., A. Okamoto, T. Araki, Y. Miyoshi, K. Dan, H. Imamura, M. Kitano, K. Sameshima and M. 
Okimura, 2014. Effect of photoperiod of supplemental lighting with light-emitting diodes on 
growth and yield of strawberry. Environ. Control Biol., 52: 63–71. 

Hogewoning, S.W., P. Douwstra, G. Trouwborst, W. Van Ieperen and J. Harbinson, 2010. An artificial 
solar spectrum substantially alters plant development compared with usual climate room 
irradiance spectra. Journal of Experimental Botany, 61(5): 1267–1276. 

Hori, T., M. Tatsumi and K. Shiraishi, 1987. Studies on the growth of vegetables in relation to light 
conditions: II. The effects of prolonged illumination on growth of vegetables. Natl. Hortic. Res. 
Inst. Bull., 68: 173-185. 

Idowu, O.O. and M. Kadiri, 2013. Growth and yield response of okra to spent mushroom compost from 
the cultivation of Pleurotus ostreatus an edible mushroom. Academic Journal of Agricultural 
Research, 1: 39–44. 

Irshad, F. and Q.T. Saleem, 2011. Designing a low cost super salinity measuring device for soil and 
water. International Journal of Chemical and Environmental Engineering, 2: 56–61. 

Islam, A.K., N. Anuar and Z. Yaakop, 2009. Effect of genotypes and pre-sowing treatment on seed 
germination behavior of Jatropha. Asian J. plant Sci., 8: 433-439. 

Jayasinghe, G.Y., I.D.L. Arachchi and Y. Tokashiki, 2010. Evaluation of containerized substrates 
developed from cattle manure compost and synthetic aggregates for ornamental plant 
production as a peat alternative. Resources, Conservation and Recycling, 54(12): 1412–1418. 

Jensen, N.B., M.R. Clausen and K.H. Kjaer, 2018. Spectral quality of supplemental LED grow light 
permanently alters stomatal functioning and chilling tolerance in basil (Ocimum basilicum L.). 
Scientia Horticulturae, 227: 38–47. 

Jiang, C.Y., M. Johkan, M. Hohjo, S. Tsukagoshi, M. Ebihara, A. Nakaminami and T. Maruo. 2017. 
Photosynthesis, plant growth, and fruit production of single-truss tomato improves with 
supplemental lighting provided from underneath or within the inner canopy. Sci. Hortic., 222: 
221–229. 

Kibru, T., S. Zewdie, A. Gure and T. Gebre. 2015. Effect of growing media, sowing depth, and hot 
water treatment on seed germination and seedling biomass of Acacia senegal (L) wild. Science, 
Technology and Arts Research Journal, 4(3): 47-57. 



Middle East J. Agric. Res., 10(2): 786-802, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.2.52  

800 

Khan, Z., S.A. Tiyagi, I. Mahmood and R. Rizvi, 2012. Effects of N fertilization, organic matter, and 
bio-fertilizers on the growth and yield of chilli in relation to management of plant-parasitic 
nematodes. Turkish Journal of Botany, 36(1): 73–81. 

Kitajima, K. and M. Fenner, 2000. Ecology of seedling regeneration. In: M. Fenner, (Ed.), Seeds. The 
Ecology of Regeneration in Plant Communities. 2nd ed. CABI Publishing, Wallingford, 331-
359. 

Klamkowski, K., W. Treder, K. Wójcik, A. Puternicki and E. Lisak, 2014. Influence of supplementary 
lighting on growth and photosynthetic activity of tomato transplants. Infrastruktura i Ekologia 
Terenów Wiejskich. doi:10.14597/infraeco.2014.4.3.103.  

Lee, S.H., R.K. Tewari, E.J. Hahn and K.Y. Paek, 2007. Photonflux density and light quality induce 
changes in growth, stomatal development, photosynthesis and transpiration of Withania 
Somnifera (L.) Dunal. Plantlets. Plant Cell, Tissue and Organ Culture, 90(2): 141–151. 

Li, Q. and C. Kubota, 2009. Effects of supplemental light quality on growth and phytochemicals of 
baby leaf lettuce. Environ. Exp. Bot., 67: 59–64. 

Liu, Y., X. Ren and B.R. Jeong.  2019. Supplementary light source affects growth, metabolism, and 
physiology of Adenophora triphylla (Thunb.) A.DC. seedlings. BioMed Research International, 
1-16. 

Manh, V.H. and C.H. Wang, 2014. Vermicompost as an important component in substrate: effects on 
seedling quality and growth of muskmelon (Cucumis melo L.). APCBEE Procedia, 8: 32 – 40. 

Matysiak, B. and A. Kowalski, 2019. White, blue and red LED lighting on growth, morphology and 
accumulation of flavonoid compounds in leafy greens. Zemdirbyste-Agriculture, 106(3): 281–
286. 

Medina, E., C. Paredes, M.D. Pérez-Murcia, M.A. Bustamante and R. Moral. 2009. Spent mushroom 
substrates as component of growing media for germination and growth of horticultural plants. 
Bioresource Technology. 100(18): 4227–4232. 

Medina, E., C. Paredes, M.A. Bustamante, R. Moral and J. Moreno-Caselles. 2012. Relationships 
between soil physic chemical, chemical, and biological properties in a soil amended with spent 
mushroom substrate. Geoderma, 173:152–161. 

Ménard, C., M. Dorais, T. Hovi and A. Gosselin, 2005. Developmental and physiological responses of 
tomato and cucumber to additional blue light. In V International Symposium on Artificial 
Lighting in Horticulture; ISHS: Leuven, Belgium, 711: 291–296. 

Müller, X.R., Q. Xing and J. Goodrich. 2014.  Footprints of the sun: Memory of UV and light stress in 
plants. Front. Plant Sci., 5: 474. 

Munita, J. 2001. Characteristics and classification of soils, in Chemical and Mining Company of Chile, 
Santiago, Chile, 11th edition. 

Murage, E.N., Y. Sato and M. Masuda, 1996a. Relationship between dark period and leaf chlorosis, 
potassium, magnesium and calcium content of young eggplants. Sci. Hortic., 66: 9-16. 

Murage, E.N., N. Watashiro and M. Masuda, 1996b. Leaf chlorosis and carbon metabolism of eggplant 
in response to continuous light and carbon dioxide. Sci. Hortic., 67: 27-37. 

Murage, E.N., N. Watashiro and M. Masuda, 1996c. The influence of light quality, PPFD and 
temperature on leaf chlorosis of eggplants grown under continuous illumination. Sci. Hortic., 
68: 73-82. 

Navvab, M. 2009. Daylighting aspects for plant growth in interior environments. Light Eng., 17: 46–
54. 

Ochieng, C.A., F.T. Short and D.I. Walker, 2010. Photosynthetic and morphological responses of 
eelgrass (Zostera marina L.) to a gradient of light conditions. J. Exp. Mar. Biol. Ecol., 382: 
117–124. 

Ostos, J.C., R. López-Garrido, J.M. Murillo and R. López, 2008. Substitution of peat for municipal 
solid waste- and sewage sludge-based composts in nursery growing media: effects on growth 
and nutrition of the native shrub Pistacia lentiscus L. Bioresource Technology, 99(6): 1793–
1800. 

Pecchia, J.A., D.M. Beyer, and R. Elias, 2014. Reuse of casing and compost for a second crop of 
mushrooms. Report for Mushroom Farmers of Pennsylvania. 



Middle East J. Agric. Res., 10(2): 786-802, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.2.52  

801 

Perez-Murcia, M.D., R. Moral, J. Moreno-Caselles, A. Perez- Espinosa and C. Paredes, 2006. Use of 
composted sewage sludge in growth media for broccoli. Bioresource Technology, 97(1): 123–
130. 

Pimputkar S., J.S. Speck, S.P. Den Baars and S. Nakamura, 2009. Prospects for LED lighting. Nature 
Photonics, 3: 180–182. 

Pinho, P., 2008. Usage and Control of Solid-State Lighting for Plant Growth. Ph. D. Thesis, Helsinki 
University of Technology, Helsinki, Finland. 

Piovene, C., F. Orsini, S. Bosi, R. Sanoubar, V. Bregola, G. Dinelli and G. Gianquinto, 2015. Optimal 
red:blue ratio in led lighting for nutraceutical indoor horticulture. Sci. Hortic., 193: 202–208. 

Piszczek, P. and B. Głowacka, 2008. Effect of the colour of light on cucumber (Cucumis sativus L.) 
seedlings. Veg. Crops Res. Bull., 68: 71–80. 

Pons, T.L., 2000. Seed responses to light. In Seeds: the ecology of regeneration in plant communities 
(M. Fenner, ed.). CABI, London, 237-260. 

Rabinowitch, H.D. and D. Sklan. 1980. Superoxide dismutase: A possible protective agent against 
sunscald in tomatoes (Lycopersicon esculentum Mill.). Planta., 148: 162-167. 

Ribeiro, H.M., A.M. Romero, H. Pereira, P. Borges, F. Cabral and E. Vasconcelos, 2007. Evaluation of 
a compost obtained from forestry wastes and solid phase of pig slurry as a substrate for 
seedlings production. Bioresource Technology, 98(17): 3294–3297. 

Rojas-Aréchiga, M., A. Orozco-Segovia and C. Vázquez-Yanes, 1997. Effect of light on germination 
of seven species of cacti from the Zapotitlán Valley in Puebla, México. J. Arid Environ., 36(4): 
571-578. 

Romaine, C.P. and E.J. Holcomb, 2001. Spent mushroom substrate: a novel multifunctional constituent 
of potting medium for plants. Mushroom News, 49: 4–15. 

Rui, Y. and C.T. Anderson, 2016. Functional analysis of cellulose and xyloglucan in the walls of 
stomatal guard cells of Arabidopsis. Plant Physiology, 170 (3):1398–1419. 

Sadek, I.I., Fatma S. Moursy, E.A. Salem, A. Schüch and M.A.M. Heggi. 2014. Enhancing rice straw 
media for growing eggplant under modified climatic conditions using compost and bacterial 
inoculation. Nature and Science, 12(4): 8-20. 

Sadek, I.I., F.S. Moursy and T.M. Youins. 2021. Performance of lettuce plants under organic mulch 
and LEDs light color. GSC Advanced Research and Reviews. 2(3):126-141. 

Sahni, S., B.K. Sarma, D.P. Singh, H.B. Singh and K.P. Singh, 2008. Vermicompost enhances 
performance of plant growth promoting rhizobacteria in cicer arietinum rhizosphere against 
sclerotium rolfsii. Crop Protection, 27: 369-376. 

SAS, Institute, 2005. The SAS system for Microsoft Windows. Release 9. 1. SAS Inst., Cary, NC.  
Sendi, H., M. T.M. Mohamed, M.P. Anwar and H.M. Saud, 2013. Spent mushroom waste as a media 

replacement for peat moss in kai-lan (Brassica oleracea var. Alboglabra) production. The 
Scientific World Journal, 2013: 1-8. 

Smith, H., 2000. Phytocrome and light signal perception by plants - an emerging synthesis. Nature, 
407(6804): 585-591. 

Stutte, G.W., N.C. Yorio and R.M. Wheeler, 1996. Interacting effects of photoperiod and 
photosynthetic photon flux on carbon assimilation and starch accumulation in potato leaves. J. 
Am. Soc. Hortic. Sci., 121(2): 264-8.  

Suzuki, N., A.R. Devireddy, M.A. Inupakutika, A. Baxter, G. Miller, L. Song, E. Shulaev, R. K. Azad, 
V. Shulaev and R. Mittler, 2015. Ultra-fast alterations in mRNA levels uncover multiple players 
in light stress acclimation in plants. Plant J., 84: 760–772. 

Takaki, M., 2001. New proposal of classification of seed based on forms of phytochrome instead of 
photoblastism. Rev. Bras. Fisiol. Veg., 13(1): 103-107. 

Tariq, U., S.U. Rehman, M.A. Khan, and A. Yunus, 2012. Agricultural and municipal waste as potting 
media components for the growth and flowering of Dahlia hortensis Figaro. Turkey Journal of 
Botany, 36: 378–385. 

Velez-Ramirez, A.I., W. van Ieperen, D. Vreugdenhil and F.F. Millenaar, 2011. Plants under continuous 
light. Trends Plant Sci., 16: 310–318. 

Vézina, F., M.J. Trudel and A. Gosselin, 1991. Influence du mode d'utilisation de l'éclairage d'appoint 
sur la productivité et la physiologie de la tomate de serre. Can. J. Plant Sci., 719: 23–932. 



Middle East J. Agric. Res., 10(2): 786-802, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.2.52  

802 

Ye, S., Q. Shao and M. Xu, 2017. Effects of light quality on morphology, enzyme activities, and 
bioactive compound contents in Anoectochilus roxburghii. Frontiers in Plant Science, 8: 1-7. 

Yeh, N., and J.P. Chung, 2009. High brightness LEDs Energy efficient lighting sources and their 
potential in indoor plant cultivation. Renew. Sustain. Energy Rev., 13: 2175–2180. 

Warrington, I.J. and R.A. Norton, 1990. An evaluation of plant growth and development under various 
daily quantum integrals. J. Am. Soc. Hortic. Sci., l 16: 544-551. 

Wei, H., M. Wang and B.R. Jeong, 2020. Effect of supplementary lighting duration on growth and 
activity of antioxidant enzymes in grafted watermelon seedlings. Agronomy, 10(337): 1-18. 

 
 
 
 

 
 


	Received: 20 May 2021	   Accepted: 10 June 2021	Published: 30 June 2021

	ABSTRACT




