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Fig. 1. Mean comparison of water deficit stress and application of algae extract on plant height. The letters C0, 

C1 and C2 represent 0, 0.5and 1 g L-1 seaweed extract, respectively. Means followed by the same letters 

are not significantly different at 1% level based on Duncan’s multiple range test. 
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Fig. 2. Mean comparison of water deficit stress and application of algae extract on chlorophyll a content. The 

letters C0, C1 and C2 represent 0, 0.5 g / l,.and 1 g L-1 seaweed concentration, respectively. Means 

followed by the same letters are not significantly different at 1% level based on Duncan’s multiple 

range test. 
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Fig. 3. Mean comparison of water deficit stress and algae extract on chlorophyll b content. The letters C0, C1 

and C2 represent 0, 0.5 g L-1,.and 1 g L-1 seaweed concentration, respectively. Means followed by the 

same letters are not significantly different at 1% level based on Duncan’s multiple range test. 
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Fig. 4. Comparison of phenolic Content in tomato plant as a result of Application of Seaweed Extract During 

drought Stress. The letters C0, C1 and C2 represent 0, 0.5 g L-1,.and 1 g L-1 seaweed concentration, 

respectively. Means followed by the same letters are not significantly different at 1% level based on 

Duncan’s multiple range test. 
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Fig. 5. Increase of lycopene content in tomato plant under drought stress due to application of seaweed extract. 

The letters C0, C1 and C2 represent 0, 0.5 g L-1,.and 1 g L-1 seaweed concentration, respectively. Means 

followed by the same letters are not significantly different at 1% level based on Duncan’s multiple range 

test. 
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Fig.6. Comparison of proline content in tomato plants under stress with and without the use of seaweed extract. 

The letters C0, C1 and C2 represent 0, 0.5 g L-1,.and 1 g L-1 seaweed concentration, respectively. Means 

followed by the same letters are not significantly different at 1% level based on Duncan’s multiple range 

test. 
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Fig. 7. Enhancement of free radical scavenging power by application of seaweed extract in tomato seedlings. The 

letters C0, C1 and C2 represent 0, 0.5 g L-1,.and 1 g L-1seaweed concentration, respectively. Means 

followed by the same letters are not significantly different at 1% level based on Duncan’s multiple range 

test. 
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Fig. 8. Changes in the activity of superoxide dismutase. The letters C0, C1 and C2 represent 0, 0.5 g L-1,.and 1 g 

L-1 seaweed concentration, respectively. Means followed by the same letters are not significantly 

different at 1% level based on Duncan’s multiple range test. 

 UF�8 -  �#�BBf&.2�&��^�: �B^?��0�< =B,�L� �: O��Q C0 NC1  �C2  �3
�B� ]B&�& �� N� ! =i�5/0  � �5B, �: ��11 

4B3
�B� .=<� 	����: K��� �5B, �: ��1 "���: "�#O�Q"�# 	�L� On5G� w�5.� VM< �: ��:1% ��c ���2A 

����: .�
���
 4F
�: "�  

./�  
  ��B5
"�# �� =<: ���A ��.
 :�: �? 	��m,���� 	1�� K��� ���8� =�^
 �� �#�� ���1 [��� E��I�� 	�L�"��: �: 

\� &�� �v#�B1 �� .4�� �BC~& =�J�N �� ��B5
"�# H��I1 ��� "��� �:� 5<� 2� K��� 	����: �: �<�� 7�8��"�#  � 	���2

	��  �^�#� .=<� � T<�& ��� ���
� E#�/0 �: N7�J� �����yQ) ����F�# � =<�010? �� ��#�.� IB
 (	��m,���� � �� 

�:��"�# 	LB�h �� �/�� ���8� K��� 	����: =^
��& [��� E��I�� ���  :�Z
 ��#�B1��2 E�& 	F.G � .:�2�
�
�# -#���  �

) ����F�#11 ��#�B1 ��� �� 	5�J� �BC�& 	����: K��� ���8� 2� �:� 5<� �? �
:�? H��I1 IB
 ( ��2�& 	F.G E��:=. �BC~& 

=�J� K��� 	����: �� RG��"�# ��� 4F�� =<� �� ��lQ 4B^?� )14 N24N( 4B�B?�5B< )21 (� ���< U���� =��-& 

����? ��� )25 (� e#4B�c "�#�8�� I�� "9f� )12.���� _���� (   

  ��B5
"�# �� =<: ���A �: 4��  E#�/0�C� =�J� K��� ���8� �� �
��3
�"�# "I5�<�5� �� ��.
 	��#: . :�F��� :��6�

��35<: I5�<�5� 4F�� =<� E��I�� �2� K.G �G�� � ��� ��B1 �� 	����: K��� ���8� :����? �C� �: ��&�B ��? .��B5
�# 

	� ��.
�#: �? �C� ���8� =�J� K��� 	����: �� �
��3
�"�# "I5�<�5� �: ���: 7�� 	��
 2� ?E#� ]��Z& UB����? �: 

��3�# :���? @A =<� )15 .(4B|�5� K� U��� 	F�S�,�B� U��; ���& �: ���8� K��� 	����: =<� �? [��� �E��I� "��5�� 

UB����? ��#�B1 	�:�� )23(. 4�������N :��6� ��IB� UB����? ��#�B1 	3
�� ���1 ���B& ��� �� �K��� ���8 4F�� =<� �� 

UB,: "��5�� 4B|�5� ���8� K��� 	����: ���� .�� ���& ��  �? 4��2� 4B� 45�� �
��3
�"�# "I5�<�5� 	F� 2� U���� 	�!� 

E#�? ��� � E#�? :�F��� 7�8�� �: ��3�# E�& 	F.G N=<� :�6�.B0 	�:�� �? �C� 	5i���� �� ���8�K� �� 

UB����? � ���< �
��3
�"�# "I5�<�5� [��� �BC�& �: :����? ���� "2�< K��� ���8� �: ��-&�� B1�� :�� .  

  E�& ����? :���� U���� 2� 	F� 	F.G E�& �: �B&��B^?� "�#�B,�& 4B� 7:�L& �:��G e6� [��� �? =<� ��#�B1 

�
�1"�# 7�L� �/B^?� 1ROS =B,�L� �	5
A "�#	� ��B1 	���: � 	
��B^?� E�& ��3�# �: �? =<� UB,: 4B�# �� .:��

 

1 - Reactive oxygen species  

f e ee

c

b

d

b

a

0

2

4

6

8

10

100 60 40

C0 C1 C2

S
O

D
 a

ct
iv

it
y
 (

U
 m

g
-1

p
ro

te
in

)

=
B,�

L�
 

 2
�&�

�^
�:

 �
B^

?� 
�0

�<

	���2 =B���
Field capacity(%)

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
11

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
5-

24
 ]

 

                             9 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.11.9
http://journal-irshs.ir/article-1-425-en.html


����F�# � 	�F�� 

256 

	� g� &� IB
 �B&��B^?� E�& �����# 	F.G) �5��5 .(E�& �A	 ���� �� =���
� ]B?�&"�# 	5
A	
��B^?� �: U|�?��"�# 

=���"�# 	� ��#�B1 	���B0�:��. :��� 4�� ��N  	#�1 	5
A ��IB� E��I�����B^?� �
��5� �? =^B
 :��2 ��-
A 	LB�h "�#

E�?�� 2� a
��) :�� �B&��B^?� "�#134������� .(N  �B,�& ��IB� N	��#���B& 2� �:� 5<� �� =<� �2s]B?�&"�# 	5
A �: 	
��B^?�

 ��#�B1 ��2 ]B&�& 4��� �& :�� �:�: E��I�� E�& "�#�C�E�& 2� 	��
 �B&��B^?� @�Z�  ���8� .���� E#�? 	F.G

K���7�F�:�� O9Q �: �? 	�s�� D��; UB,: �� 	����: "�# �BG� ��B,�< �: �
��: :�2A "�#5��1 ���; ���& :������
 )20 .(

��B5
"�# ��=<: 4�� �: ���A  E#�/0��? �? :�: ��.
 D��; E��I�� �� 	5�J� �BC�& ��<�1��< 	����: K��� ���8� :��

7�F�:�� @9�� 2�&��^�: �B^?��0�< e�I
A =B,�L� � �5��: :�2A "�# � U��� K� �����	5
A UF� �� IB
 �� 	LB�h ���B^?�

	�L�	� E��I�� "��: �� �5��� 4�� .�#:��B5
"�#  ���< T<�& ��� H��I1 ���3.#�/0& �� 	���K��� ���8� �BC� "�#

 �� 	����:2�&��^�: �B^?��0�< e�I
A =B,�L� E��I�� ) :��: 	
��Z�#7 N14 N18 .(   

  e#4B�c ��B5
"�# ��=<: 4�� �: ���A  E#�/0�5�� �? :�: ��.
� 	3
�� ���1 40�FB, "�BC�& ��2  T���� eB-5^�

 UB,: �� 40�FB, .:��: ���; ��B1 "��� "�#�C� �? "�B � 	3
�� ���1 	5^�2 ]B?�& 4��5�6� N:��: ��^
� =�n< "���

	� @�^��:�� )9( �: .�L,�M� "�#�
��3
� �? =<� ��� �:�: ��.
 IB
 4B.B04B
�B<�5
A N40�FB, ��c 	#�B1 "�# � �#

	� E��I�� 	F.G E�& ���B& �C� �: UB��5
�2) �����9 N19(. ��B5
"�# ��=<: 4�� �: ���A  E#�/0 IB
 ���B& �? :�: ��.


	�L� UF� �� K��� ���8� E��I�� �� 	3
�� ���1 40�FB, ��IB� "��::�: 40�FB, E��I�� �� �M��� �: . ��2 N	F.G E�&

 [��� 	F.G �? =<� 4�� �� :�-5��K���& ) K�IB^�A �B<� �B,�&ABA � 40�FB, �B,�& E��I�� [��� �����# 4�� � ��� (

�
��3
���c "�3�: "�# 	� UB��5
�2) :��10 .(��B5
"�# ��=<: 4�� �: ���A  E#�/0 ����B5
"�#  T<�& ��� H��I1

Mansori � ) ����F�#14 � K��� ���B& �C� �: 40�FB, �B,�& E��I�� �� 	��� (e#4B�c  ����B5
"�# Klunklin  �Savage 

)13 	
��Z�# 	F.G ���B& �C� �: 40�FB, "��5�� E��I�� �� 	��� (.:��:  

   �3�: 2���B5
"�# ��=<:  4�� �: ���AE#�/0 4B,��0 .=<� 	����: K��� ���8� �� ���B& �C� �: 4B,��0 ��IB� E��I�� N

��B�A  :���� �: �? =<� "�B<� U��& ����� �:��]��-& E�& 	���& "�#���2�
  Y�<� �� .:��: E-
��B5
"�# ��=<:  �: ���A

	�L� �BC�& ��<�1��< K��� ���8� VM< �: �# �? �� RZ.� �L,�M� 4�� ���1 ��B1 �: 4B,��0 =i� E��I�� �� "��:

�5��� 4�� .:��: 	3
���#  ����B5
"�#  T<�& ��� H��I1���3.#�/0 �3�:  	
��Z�#) :��:8 N10.(  

!2�1 ���"  

  \���� �:N ��B5
"�# ��=<: E#�/0 4�� �: ���A ���Z�#  �� �3�:H��I1 "�# ��B�2 4�� �: ��� �.5��	� �3
�B� �
��&

 ���� \�P�� 4��	� 	����: K��� ���8� �?�� �
��& UF� �� 	LB�h w��� K� �����"�B3�.c  U��&  ����� �: ��#�B1

.�.Z� :��6� �� 	F.G E�&  �5��� 4�� �3
�B� 	� ��.? yh��� 2� "��B^� �: 	F.G E�& :��� �� ���& �� �? =<� �A ���&

� ��<�1��< K��� ���8� 2� � E��I�� "��� EZ��C� � =�B; ��2�� a��� K� ����� U��& 	F.G E�& �� =�^
 	�� ��#�B1

 .:�? �:� 5<�E#�/0 ���
� :��� 4�� �� �BC�& 2� ���B�h� "��� ��B�2 4�� �: �5.B� "�# E#�? �� K��� ���8� "�#�C� 	 ��

	� �i
 �� "���P E�&.�<� 

3��(+                                                                                                                                    References 

1. Arnon, D.I. 1949. Copper enzymes in isolated chloroplasts. Polyphenoloxidase in Beta vulgaris. Plant 

Physiol. 24:1–15. 

2. Atkinson, N.J., T.P. Dew, C. Orfila and P.E. Urwin. 2011. Influence of combined biotic and abiotic stress on 

nutritional quality parameters in tomato (Solanum lycopersicum). J. Agric. Food. Chem. 59(17):9673–9682. 

3. Bates, L. 1973. Rapid determination of free proline for water stress studies. Plant Soil. 39:205– 207. 

4. Battacharyya, D., M. Babgohari, P. Rathor and B. Prithiviraj. 2015. Seaweed extracts as biostimulants in 

horticulture. Sci. Hort. 196:39–48. 

5. Bitarafan, z., H. Asghari, I. Hasanlu, A. Slavery and f. Moradi. 2019. Response of native masses of fenugreek 

(Trigonella foenum-graecum L.) to biochar application in low irrigation conditions. Agric. Ecol. 403-415. 

[in Persian] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
11

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
5-

24
 ]

 

                            10 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.11.9
http://journal-irshs.ir/article-1-425-en.html


2�����	 C�&B� �: K��� ���8���... 	� 

257 

6. Elferjani, R. and R. Soolanayakanahally. 2018. Canola responses to drought heat and combined stress: shared 

and specific effects on carbon assimilation seed yield and oil composition. Front. Plant Sci. 9:1224. 

7. Erulan, V., P. Soundarapandian, G. Thirumaran and G. Ananthan. 2009. Studies on the effect of Sargassum 

polycystum (C, Agardh 1824) extract on the growth and biochemical composition of Cajanus cajan (L.) 

Mill sp. Amer-Eurasi. J. Agric. Env. Sci. 6(4):392–399. 

8. Fang, Y. and L. Xiong. 2015. General mechanisms of drought response and their application in drought 

resistance improvement in plants. Cell Mol. Life Sci. 72(4):673–689. 

9. Haghighi, M., M. Mozaffarian., Afifi, Z.  2014. Investigation of the effect of superabsorbent polymer and 

different levels of irrigation on growth and some quantitative and qualitative characteristics of tomato fruit 

(Lycopersicum esculentum L.). Hort. Sci. 1: 125-133. [in Persian] 

10. Haghparast, m., Maleki Farahani. 1392. The effect of under-irrigation and foliar application of natural 

substances on vegetative characteristics of chickpea (Cicer arietinum L.) cultivars. Iran. Cereals Res. 2:77. 

[in Persian] 

11. Hernández-Herrera, R., M. Santacruz-Ruvalcaba, F. Briceño-Domínguez, D.R. Di Filippo-Herrera and 

D.A. Hernández-Carmona. 2018. Seaweed as potential plant growth stimulants for agriculture in Mexico. 

Hidrobiológica, 28(1):129–140. 

12. Khan, W., U.P. Rayirath, S. Subramanian, M.N. Jithesh, P. Rayorath, D.M. Hodges and B. Prithiviraj. 

2009. Seaweed extracts as biostimulants of plant growth and development. J. Plant Growth Regul. 

28(4):386–399. 

13. Klunklin, W. and G. Savage. 2017. Effect on quality characteristics of tomatoes grown under well-watered 

and drought stress conditions. Foods, 6(8):56. 

14. Mansori, M., H. Chernane, S. Latique, A. Benaliat, D. Hsissou and M. El Kaoua. 2015. Seaweed extract 

effect on water deficit and antioxidative mechanisms in bean plants (Phaseolus vulgaris L.). J. Appl. 

Phycol. 27(4):1689–1698. 

15. Martynenko, A., K. Shotton, T. Astatkie, G. Petrash, C. Fowler, W. Neily and A.T. Critchley. 2016. 

Thermal imaging of soybean response to drought stress: the effect of Ascophyllum nodosum seaweed 

extract. Springerplus. 5(1):1393. doi: 10.1186/s40064-016-3019-2. 

16. Mohammadi, M.H.S, N. Etemadi, M.M. Arab, M. Aalifar, M. Arab and M. Pessarakli. 2017. Molecular and 

physiological responses of Iranian Perennial ryegrass as affected by Trinexapac ethyl Paclobutrazol and 

Abscisic acid under drought stress. Plant Physiol. Bioch. 111:129–143. 

17. Murtic, S., R. Oljaca and M. Smajic. 2018. Effects of seaweed extract on the growth, yield and quality of 

cherry tomato under different growth conditions. Acta Agric. Slov. 111:315–325. 

18. Park, P.J., S. J. Heo, E.J. Park, S.K. Kim, H.G. Byun, B.T. Jeon and Y.J. Jeon. 2005. Reactive oxygen 

scavenging effect of enzymatic extracts from Sargassum thunbergii. J. Agric. Food Chem. 53(17):6666–

6672. 

19. Riggi E., C. Patané and G. Ruberto. 2008. Content of carotenoids at different ripening stages in processing 

tomato in relation to soil water availability. Aust. J. Agric. Res. 59(4):348–353. 

20. Shukla, P.S., K. Shotton, E. Norman, W. Neily, A.T. Critchley and B. Prithiviraj. 2017. Seaweed extract 

improve drought tolerance of soybean by regulating stress-response genes. AoB Plants. 10(1):plx051. 

21. Shukla, P.S., T. Borza, A.T. Critchley, D. Hiltz, J. Norrie and B. Prithiviraj. 2018. Ascophyllum nodosum 

extract mitigates salinity stress in Arabidopsis thaliana by modulating the expression of miRNA involved 

in stress tolerance and nutrient acquisition. PloS One. 13(10):e0206221. 

22. Subramanian, S., J.S. Sangha, B.A. Gray, R.P. Singh, D. Hiltz, A.T. Critchley and B. Prithiviraj. 2011. 

Extracts of the marine brown macroalga Ascophyllum nodosum induce jasmonic acid dependent systemic 

resistance in Arabidopsis thaliana against Pseudomonas syringae pv, tomato DC3000 and Sclerotinia 

sclerotiorum. Eur. J. Plant Pathol. 131(2):237–248. 

23. Thirumaran, G., M. Arumugam, R. Arumugam and P. Anantharaman. 2009. Effect of seaweed liquid 

fertilizer on growth and pigment concentration of Abelmoschus esculentus (L.) medikus. Amer-Euras. J. 

Agron. 2(2):57–66. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
11

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
5-

24
 ]

 

                            11 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.11.9
http://journal-irshs.ir/article-1-425-en.html


����F�# � 	�F�� 

258 

24. Vinoth, S., P. Gurusaravanan, S. Sivakumar and N. Jayabalan. 2019. Influence of seaweed extracts and 

plant growth regulators on in vitro regeneration of Lycopersicon esculentum from leaf explant. J. Appl. 

Phycol. 31(3):2039–2052. 

25. Zhang, X., K. Wang and E.H. Ervin. 2010. Optimizing dosages of seaweed extract-based cytokinins and 

zeatin riboside for improving creeping bentgrass heat tolerance. Crop Sci. 50(1):316–320. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
11

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
25

-0
5-

24
 ]

 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.11.9
http://journal-irshs.ir/article-1-425-en.html


2�����	 C�&B� �: K��� ���8���... 	� 

259 

Iranian Journal of Horticultural Science and Technology 21 (3): 247 - 258 (2020) 
Research article 

 

The Effect of Seaweed Extract (Sargassum angustifolium L.) on Growth and 

Physiological Indices of Tomato under Drought Stress Conditions  
 

A. Mohkami, M. Habibi-Pirkoohi, A.Gh. Shahriari*, M.H. Ghodoum Parizipour11 

 

 

 Tomato is one of the most important foods and economic crops in Iran and worldwide. 

Tomatoes require a lot of water to grow well and are adversely affected by drought. 

Considering the reports published on positive effects of seaweed extract on increasing 

resistance of plants to abiotic stresses, the present study aimed to evaluate the effects of a 

seaweed extract (Sargassum angustifolium) on growth and yield indices of tomato under 

drought stress. This study was conducted as a factorial experiment with three concentrations 

of algae extract (0, 0.5, 1 g L-1) and three levels of drought stress (control, 40% FC, 60% FC) 

plus a non-stress treatment with three replications. To evaluate the effects of algae extract on 

tomato under drought stress conditions, a combination of morphological and physiological 

characteristics including plant height, photosynthetic pigment content, lycopene content, 

phenolic compounds and antioxidant activities were measured. Results showed that treatment 

by seaweed extract significantly increased plant resistance to drought stress and significantly 

increased plant height and the content of chlorophyll, phenolics, lycopene, and proline content 

and significatly improved reactive oxygen species scavenging capacity and superoxide 

mismutase activity in  tomato. The best results of morphological and physiological traits were 

obtained using 1 g L-1 seaweed extract. 

Keywords: Antioxidant activity, Proline, Phenolic compounds, Lycopene. 
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