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ABSTRACT 

In this experiment, we investigated impacts of various LED light qualities, including 100% red, 100% blue, 70% red + 30% 
blue, and 100% white with the same light intensity 75±5 µmol m-2 s-1 for 30 days on the growth and mineral element 
concentrations in grafted onto ‘Maxifort’ rootstock and non-grafted tomato seedlings. Photoperiod, temperature, and relative 
humidity of the growth chamber were maintained at 16 h, 25/21±2 °C (day/night), and 95%, respectively. Results showed 
that the maximum of plant height was obtained in non-grafted seedlings under 100% R light. The maximum of stem 
diameter was obtained under 100% B and 70% R:30 %B treatments. The maximum of root fresh weight was obtained under 
100% W and 70 % R:30 %B treatments, while the maximum of root dry weight was obtained under 70 % R:30 % B light 
treatment. The maximum of leaf area, shoot and total dry weight were obtained in non-grafted seedlings under 70 % R:30 % 
B light treatment. In addition, non-grafted seedlings under 100% R treatment had the highest P concentration. The 
maximum of K was obtained in grafted seedlings under 100% B, 100% R and 70 % R:30 %B light treatments and non-
grafted seedlings under 100% W and 70 % R:30 % B light treatments. Grafted seedlings under 100% B had the highest Ca 
concentration. In addition, the maximum of Mg was obtained in non-grafted seedlings under 100% W treatment. 
Collectively, our results showed that combination of 70% red and 30% blue light and as well as the use of a powerful 
rootstock like ‘Maxifort’ could promotes plant growth and mineral element concentrations for tomato seedlings. 
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Table 1. Concentration of macro and micro elements in nutrition solution. 
Mo Cu Zn Mn B Fe Mg Ca K P N Elements 
0.05 0.05 0.3 0.3 0.5 3 30 100 120 40 70 Concentration (ppm) 
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Table 2. Different spectrums of the LED light used in this study. 
Light intensity 
(μmol m−2 s−1) 

Red % 
600-700 nm 

Green % 
500-600 nm 

Blue % 
400-500 nm Light treatments 

75 ± 5 16 49 35 W 
75 ± 5 0 0 100 B 
75 ± 5 100 0 0 R 
75 ± 5 30 0 70 R+B 
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Different light spectrums including; white (W), blue (B), red (R) and red+blue (R+B). 
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Table 3. Results of variance analysis for the effect of light spectrum and grafting on growth traits in tomato seedlings. 
Means of squares 

Leaf area Stem diameter Node number Stem length df Sources of variance 
333.92ns 0.02ns 2.29ns 19.15ns 2 Block 

65384.14** 0.23* 0.04ns 174.08** 3 Light 
36887.98** 0.07ns 0.21ns 13.35ns 1 Grafting 
52935.97** 0.08ns 0.04ns 17.57* 3 Light  Grafting 

661.64 0.05 0.65 3.79 14 Main Error 
4.93 3.92 8.26 6.04  CV (%) 

 * �**� ns :8- h&%'% Y��E% �7\� ��� �� u!# Z�	�O� 1 � 5 <V�� � �,L  Y��E% �7\�  .���  
**, *, ns: Significantly difference at the 1 and 5% of probability level, and non-significantly difference, respectively. 

  

    
N�
 1. ) 8G�# Z,( '- < ,&= � �,  )&( N-�;�� '$� Q&i �&� 8�.�;�A) 8G�# '!G '- �,  )&( N;��� '$� � (B *���>  �� (

8D,/ i '3 Z,( .�e,� ��) <&E# N��
 �,  )"�+� *W) �-X �(B) A�'G �(RA�'G � ( +) �-XR+B(8-�>� S�'O .  I<K ?<7�< �> 
 Z�	�O� u!# �� *��� �7\�5 .:#� <V�� 

Figure 1. Mean comparison interaction effect of light spectrum and grafting on stem length (A) and effect of light 
spectrum on stem diameter in tomato seedlings. Different light spectrum including; white (W), blue (B), red (R) and 

red + blue (R+B). Values with the same letters are not significantly difference at p ≤ 0.05. 
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Figure 2. Mean comparison of interaction effect of light spectrum and grafting on leaf area in tomato seedlings. 

Different light spectrum including; white (W), blue (B), red (R) and red + blue (R+B). Values with the same letters 
are not significantly difference at p ≤ 0.05. 
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 Z�<D48D,/ *���>  (NB � ?���C�
 �8>.�) H>C � '% �� '- < ,&= � �,  )&( '$� [ �.��� 8.AJ% w.��  . �i '3.  

Table 4. Results of variance analysis of the effect of light spectrum and grafting on fresh and dry weight (root, shoot, 
total) in tomato seedlings. 

Means of squares   
Total 

dry weight 
Shoot dry 

weight 
Root 

dry weight 
Total fresh 

weight 
Shoot fresh 

weight 
Root fresh 

weight df Sources of variance 

0.001ns 0.001ns 0.00005ns 0.93ns 0.25ns 0.21ns 2 Block 
0.95** 0.73** 0.015** 20.75** 17.46** 1.76** 3 Light 

0.004** 0.0004ns 0.002** 1.14ns 0.42ns 0.17ns 1 Graft 
0.06** 0.05** 0.003ns 10.54** 9.54** 0.15ns 3 Light  Graft 
0.0004 0.0004 0.0002 0.56 0.50 0.09 14 Main Error 
1.83 2.05 15.14 6.53 7.52 14.41  CV (%) 
 � * �**ns8- : h&%'% Y��E% �7\� ��� �� u!# Z�	�O� 1 � 5 <V�� � �,L  Y��E% �7\�  .���  

**, *, ns: Significantly difference at the 1 and 5% of probability levels, and non-significantly difference, respectively. 

  

   
 N�
3. ) '% �� '- �,  )&( N;��� '$� Q&i �&� 8�.�;�A) H>C � (B8D,/ *���>  �� 8>.� ( .�i '3  

 Z,(e,� ��) <&E# N��
 �,  )"�+� *W) �-X �(B) A�'G �(R A�'G � (+ ) �-XR+B(�7\� I<K ?<7�< �>  8-�>� S�'O . 

 Z�	�O� u!# �� *���5 .:#� <V��  
Figure 3. Mean comparison of the effect of light spectrum on root fresh (A) and dry (B) weight in tomato seedlings. 
Different light spectrum including; white (W), blue (B), red (R) and red + blue (R+B). Values with the same letters 
are not significantly difference at p ≤ 0.05. 

  

Z�<D 5. 8D,/ *���>  NB � ?���C�
 H>C � '% �� '- < ,&= � �,  )&( N-�;�� '$� Q&i �&� 8�.�;�.�i '3 
Table 5. Mean comparison of interaction effect of light spectrum and grafting on shoot and total fresh and dry 

weight in tomato seedlings.  
Total dry weight 

(g) 
Shoot dry weight 

(g) 
Total fresh weight 

(g) 
Shoot fresh weight 

(g) Traits 

0.99 d 0.92 d 11.99 b 9.21 c Grafted 
White 

0.85 e 0.77 e 9.51 c 6.90 d Non-grafted 
0.97 d 0.90 d 9.17 c 7.59 d Grafted 

Blue 
1.23 c 1.12 c 11.86 b 9.75 c Non-grafted 
0.83 e 0.78 e 9.23 c 7.73 d Grafted 

Red 
0.68 f 0.63 f 11.91 b 10.41 bc Non-grafted 
1.61 b 1.45 b 14.89 a 12.64 a Grafted Red+Blue 

(70+30%) 1.74 a 1.56 a 13.76 a 11.17 b Non-grafted 
 Z�	�O� u!# �� *��� �7\� I<K ?<7�< �>  8-�>� S�'O �- '.��;� ,�# '� ��5 :#� <V��. 

In each column, values with the same letters are not signigicantly different at p ≤ 0.05. 
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Table 6. Mean comparison effect of grafting on root dry 
weight and nitrogen concentration in tomato seedlings. 

Root dry weight (g) N% Traits 
0.08 b 4.66 a Grafted 
0.10 a 4.42 b Non-grafted 

 �� *��� �7\� I<K ?<7�< �>  8-�>� S�'O �- '.��;� ,�# '� ��

 Z�	�O� u!#5 :#� <V��.  
In each column, values with the same letters are not signigicantly 
difference at p ≤ 0.05. 
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Table 7. Results of variance analysis of the effect of light spectrum and grafting on shoot mineral element 
concentrations in tomato seedlings. 

Means of squares  
Sources of variance 

Mg Ca K P N df 
0.001ns 0.01ns 0.007ns 0.0005ns 0.05ns 2 Block 
0.01** 0.46** 0.45** 0.03** 0.09ns 3 Light 
0.004ns 0.03* 0.09** 0.004** 0.34** 1 Grafting 
0.10** 0.13** 0.75** 0.03** 0.04ns 3 Light  Grafting 
0.001 0.006 0.008 0.0003 0.03 14 Main Error 
3.71 5.36 2.93 3.59 4.29  CV (%) 

 � * �**ns8- : h&%'% Y��E% �7\� ��� �� u!# Z�	�O� 1 � 5 <V�� � �,L  Y��E% �7\�  .���  
**, *, ns: Significantly difference at the 1 and 5% of probability level, and non-significantly difference, respectively. 



   I,"K� �L@�- �'.���� �� 53��	
 �� 4 � �����1401  985 

 
Z�<D 8. 8D,/ *���>  �� ?���C�
 � <\� 'V�7K *�,�4� '- < ,&= � �,  )&( N-�;�� '$� Q&i �&� 8�.�;�.�i '3 

Table 8. Mean comparison of interaction effect of light spectrum and grafting on shoot mineral element 
concentrations in tomato seedlings. 

Mg% Ca% K% P% Traits 
0.80 d 1.49 c 2.74 c 0.44 e Grafted 

White 
1.22 a 1.06 d 3.39 a 0.58 b Non-grafted 
1.09 b 1.86 a 3.39 a 0.52 cd Grafted 

Blue 
0.96 c 1.65 b 3.19 b 0.38 f Non-grafted 
1.12 b 1.14 d 3.29 ab 0.53 c Grafted 

Red 
0.99 c 1.38 c 2.24 d 0.71 a Non-grafted 
1.15 ab 1.70 b 3.34 ab 0.50 d Grafted Red+Blue 

(70+30%) 1.10 b 1.78 ab 3.44 a 0.43 e Non-grafted 
 Z�	�O� u!# �� *��� �7\� I<K ?<7�< �>  8-�>� S�'O �- '.��;� ,�# '� ��5 :#� <V��.      

 In each column, values with the same letters are not signigicantly difference at p ≤ 0.05. 
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