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ABSTRACT 
Salinity stress is one of the most important constraint for yield of medicinal plants. In order to investigation the effects of 
silicon nanoparticle foliar spraying on growth characteristic, physiological and biochemical parameters of dragonhead 
(Dracocephalum moldavica L.) under salinity stress condition a factorial experiments based on completely randomized 
design with three repetitions and each repetition, including two pots in hydroponic conditions was carried out at research 
greenhouse of Mohaghegh Ardabili University at 2018-2019. Experimental factors consisting salinity stress at four levels (0, 
50, 100 and 150 mM of Nacl) and foliar spraying of silicon nanoparticle at three levels (0, 100 and 500 mg/l). 
Morphological studied traits including plant height, fresh and dry weight of plant, physiological parameters such as 
chlorophyll, electrolyte leakage, relative water contents and biochemical parameters such as proline and antioxidant enzyme 
activity were measured. Results indicated that salinity stress significantly decreased morphological traits include plant 
height, fresh and dry weight of plant and physiological parameters such chlorophyll and relative water content of leaves 
were reduced, while free proline content of leaves and electrolyte leakage from cell membranes were increased. Foliar 
spraying of silicon nanoparticle alleviated salinity stress effects on dragonhead plants via increases in growth characteristics 
and enhancing antioxidant enzyme activity such as ascorbate peroxidase and super oxide desmutase. Five hundreds mg/mL 
of nanosilicon showed the maximum effect on diminishing negative effects of salt stress on most of the parameters. 
Therefore, the use of nano-form of silicon element is proposed as alleviator of salt stress in dragonhead. 
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Thermogravimetric analysis (TGA) 5±0.02 
Inductively coupled plasma (ICP) 4.9±0.009 
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Figure 1. SEM and TEM images of silicon nanoparticles 

used in the study. 
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Table 2. Results of variance analysis effect of silicon nanoparticle on growth characteristics of dragonhead under salt 

stress conditions. 
Source of 
variation 

df 
  Mean of squars   

Plant 
height Number of lateral branches Shoot fresh weight Shoot dry weight SPAD index RWC 

Salt stress 
(S) 3 263.46** 16.88** 202.58** 75.29** 101.10** 912.70** 

Nano-
silicon 
(N) 

2 18.32** 19.52** 198.26** 7.21** 25.69ns 104.58* 

S*N 6 11.93** 4.63** 0.21ns 0.28 ns 5.21 ns 37.80* 
Eror 24 3.23 0.86 9.59 0.38 2.83 8.86 
CV (%)  4.04 7.87 5.64 7.62 14.08 3.06 

ns � * � **: F* [�&'& �#5) .��8& 4ES=��� � .��8& 4ES=��� �� lm� B�	@`� 5 � 1 /+��. 
.ns , *, **: Non significantly difference, significantly difference at 5% and 1% of probability level, respectively. 

  
 B�/L3#5
���* d�1#2#�
�0#0�#= .�8+ '* U�X�(��#)�) � 3�#
 �*�N@= '$� <�Y)��= FX��N= .. 

Table 3. Mean comparison interaction effect of salinity and silicon nanoparticle on morphophysiological traits of 
dragonhead. 

Treatment combination 
Plant height 

(cm) 
Number of lateral 

branches 
RWC 
(%) 

 0 48.99abc 14b 90.68a 
0 Nanosilicon 100 mg 50.88ab 14.67a 89.93a 
 Nanosilicon 500 mg 51.25a 9.33d 92.57a 
 0 45.93dc 13abc 80.918bc 

Salinity 50 mM Nanosilicon 100 mg 47.82bcd 13abc 83.587b 
 Nanosilicon 500 mg 47.32cd 12c 82.56867b 
 0 39.35gh 12c 73.584de 

Salinity 100 mM Nanosilicon 100 mg 42.56ef 12.66bc 75.84233cd 
 Nanosilicon 500 mg 44.91de 11.33c 70.50867def 
 0 36.04i 8.66d 65.25967f 

Salinity 150 mM Nanosilicon 100 mg 36.8hi 11.33c 68.56833ef 
 Nanosilicon 500 mg 47.21gf 9.33d 66.178f 

 B�	@`� lm� �� n'@A= u'` d� �K�/` 3���� 3�" <�Y)��=5 ��� 4ES= .��8& /+��3 /)��/).  
In each column, means with at least one letter in common are not significantly different at the 5% probability level. 
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Table 4. Mean comparison effect of salinity and nano-silicon on morphophysiological traits of dragonhead. 
SPAD index Shoot dry weight (g) Shoot fresh weight (g)  Treatment 

a 14.9  a 11.07  a 70.59  0 

Salt stress a 14.7  b 8.61  b 60.2  Salinity 50 mM 

b 10.7 6.75 c 46.62 c Salinity 100 mM 

c 8.2  d 5.2  d 46.74  Salinity 150 mM 

b 10.26  c 7.43  c 50.87  0 

Silicon nanoparticle a 12.69  b 8.11  b 54.85  Nanosilicon 100 mg 

a 12.88  a 8.87  a 59.75  Nanosilicon 500 mg 

 B�	@`� lm� �� n'@A= u'` d� �K�/` 3���� 3�" <�Y)��=5 ��� 4ES= .��8& /+��3 /)��/).  
In each column, means with at least one letter in common are not significantly different at the 5% probability level. 
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e& z��@). 

Table 5. Results of variance analysis effect of silicon nanoparticle on biochemical characteristics of dragonhead 
under salt stress conditions. 

Source of 
variation 

df 
Mean of squars 

Proline Ion leakage Ascorbate peroxidase Super oxidase dismutase 
Salt stress 3 0.0058** 868.72** 0.19** 74.38** 
Nano silicon 2 0.0018** 188.12** 0.008** 0.87** 
S*N 6 0.00038** 116.84** 0.003* 0.49* 
Eror 24 0.00005 7.01 0.00059 0.13 

CV (%)  4.14 3.60 3.07 6.39 

ns � * � **: F* [�&'& �#5) .��8& 4ES= ��� � .��8& 4ES=��� �� lm� B�	@`� 5 � 1 /+��. 

.ns , *, **: Non significantly difference, significantly difference at 5% and 1% of probability level, respectively. 
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Table 6. Mean comparison interaction effect of salinity and silicon nanoparticle on biochemical traits of dragonhead. 
Treatment  

Proline 

(µg/g fw) 

Ion leakage 

(%) 

Ascorbate peroxidase 

(µ mol d-1mg-1 protein) 

Super oxidase dismutase 

(µ mol d-1mg-1 protein) 

0 

0 0.1408h 6g 0.6025f 2.1977g 

Nanosilicon 100 mg 0.1485g 6g 0.6037f 2.2123g 

Nanosilicon 500 mg 0.1521g 5h 0.615f 2.239g 

Salinity 50 mM 

0 0.1734e 12d 0.7064e 4.2637f 

Nanosilicon 100 mg 0.1623f 9f 0.8212d 5.0595e 

Nanosilicon 500 mg 0.1597f 7f g 0.7327e 4.9003ef 

Salinity 100 mM 

0 0.2017b 25b 0.8167d 7.59cd 

Nanosilicon 100 mg 0.1813d 17c 0.8471cd 8.162ab 

Nanosilicon 500 mg 0.1887c 12d 0.8763c 7.408d 

Salinity 150 mM 

0 0.2267a 30a 0.9173b 7.8183bcd 

Nanosilicon 100 mg 0.2053b 23bc 0.9673a 8.434b 

Nanosilicon 500 mg 0.2063b 18c 0.9883a 9.1663a 

 B�	@`� lm� �� n'@A= u'` d� �K�/` 3���� 3�" <�Y)��=5 ��� 4ES= .��8& /+��3 /)��/).  
In each column, means with at least one letter in common are not significantly different at the 5% probability level. 
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