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The Effect of Seaweed Extract (Sargassum angustifolium L.) on Growth and
Physiological Indices of Tomato under Drought Stress Conditions
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Fig. 1. Mean comparison of water deficit stress and application of algae extract on plant height. The letters Co,
C and C; represent 0, 0.5and 1 g L' 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 CO, C1 and C2 represent 0, 0.5 g / I,.and 1 g L' 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 CO, C1
and C2 represent 0, 0.5 g L',.and 1 g L' 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 CO, C1 and C2 represent 0, 0.5 ¢ L',.and 1 g L' 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 CO, C1 and C2 represent 0, 0.5 g L'!,.and 1 g L'! 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 CO, C1 and C2 represent 0, 0.5 g L!,.and 1 g L'! seaweed concentration, respectively. Means
followed by the same letters are not significantly different at 1% level based on Duncan’s multiple range
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Fig. 7. Enhancement of free radical scavenging power by application of seaweed extract in tomato seedlings. The
letters CO, C1 and C2 represent 0, 0.5 g L', .and 1 g L-'seaweed concentration, respectively. Means
followed by the same letters are not significantly different at 1% level based on Duncan’s multiple range
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Fig. 8. Changes in the activity of superoxide dismutase. The letters C0, C1 and C2 represent 0, 0.5 gL!,.and 1 g

L' seaweed concentration, respectively. Means followed by the same letters are not significantly
different at 1% level based on Duncan’s multiple range test.

Sz g0yl 1Y) ey o s M S ie slacd > gl sla Kl sl obje Slx ) o 68
ad,las SSls glasals

40

-

2 Solosire il el wall 09,8 4 Cond Sl ojlas (5 Lildsle o5 ol las el s 4 glaaz
5 =l sldsame plo o obyo Sl eolatnl gl ool )18 slvass b i J...ab ol ol azalS glas )|
b oSlglne o5 0l svalive 55 (Vo) GLSes 5 S o Lawg ool plonl (gl 50 (Jlo plgie 4ol guon 2L
9 13l el (A A5 nj 093 plalS o) Gl el cudlys ol )s Sl ojlas ohig 4 (b slaosls
Solcly (Sas il ) ol wd) e 3 ob o St olas leslaiul a5 wis ST 5158 55 (V) oS
Cughi Jolge plo 5 (V1) S gims (VT OF) (nS] a2 40l (S 0y lagasls 0l Sul> cute
b bgs e (VY) (sdse 5y sloyaic iz e 9 (Y0) o) oaisS

3 8kos Sgu4r a0 o (Lt 1) (Srimestd Glaalass) p Sl ojlas Cote S Ghagh onl 5 esel Cuss a4y glaazs
bazis S azg 1) 2lps Sl ojlas 00,5 31,0 olS ad; g el S (59 Sl Sl (e nsid oliws
33 dB9lS e B als 5l (A gl 4z s 50 s Sl p 2b)s Sl ojlas Cute Sl aS s e (LS
Slyime Sialsdl el a5 coul olys Sl ojlas ) azs BB Sedslse Jole K ol (10) ol T 39008 plKin
4 Sl (e Sl ojlae boad jles (K2 428 kS Judg)lS plime 3gue ccnlply (VF) 050 lalS by 15
bl Jalse 5 (o simgid SaalaS, (23, (3l & ol 4 az g bl obys Selz ojlas by lgie s
2 Sl ojlas (lalle S A 0gl e sl Cal (i 55 a3 Jpaze 3 Sles RalS 5wl alS
g olS i) o Sl ojlac (il g p 9 )5 50 U Sl s SalaSS) e g fdg kS

Mg om ol (0,95 pe Sl o Sl plalS o glannST sla s caisS slml Jalse 5l (S0 (Sas s
G plEin )3 45 el s ek 4 5diee obS oo 5 eS| T slhcls 5 ROS (35S Jlad cloaisS

Reactive oxygen species -\

Yoo



sl STy 5o oSt ST slacaS 5 culil & e o] (55 (0) 4l o B 50 g5loST 25 o lgen  Sis
Blg a5 G b o] ks slaglonS T e Lol T wazg ! b ogi e (LS ej0m! slacil
59 Sl 5l locaS 5 adgs e (ol 5l oolaiwl b sl p3¥ (cplplo (1Y) 05 gilansT glo STy 51 il
hoe oy 285 K25 25 5 o3 eS| e sl i iy B 353 ool Gl A s olalS
(Vo) Slad )5 )18 axg5 0,90, Ll jo wls oliT slalGal, B o a8 oYL &,08 Jds 4 ol e s>
a8 GlBl p ciite U pgelS )l obye S ojlac 0,15 aS s lis Liegh cpl 0 sdel Casods glaazs
US4 35 1y gmor ST Jole S lsie & Jymms deSTiss ol Callss 5 assls oljT (slo ool iz
Sl olas 236 » e oLSiags le by ead ()55 slaami b 4l ol ase Gl sl
OANE V) 5l Slgsten 55 gemns dunST g oo 3! codld ioli8l o b yo

Lolpd e 50 55 (S8 4 (nsSd liime a5 ols Glis (haghy ool 5o edel Cassay slaaz uizee
SR 4255 ) S P et )l Ll Cdl (gl a5 guihe la ST IS a4 (nsSd ols 18 olS gu,
g b opibawsil oS ez (2L lalsSs; a5 cusl sad ooly lis 15 ey lrddlllas (0 (1) 04 0 Cgme
Sload &S ol (ylis 5 Giegy (nl 5o sdwl Cuwsdy glaas (VA Q) anl oo GlalEl (Sis a5 e 1 o bl
S A5 s Gl L el 5 s Gl S8 e S e (s loine b 4 Sl o)l
3 cnsSel 255 Al el g5 (a5 0ad (ABA) Sypaml sl adgs Sy 28 el (K85 o ol ) oliel
Loy ool 5155 lhass b Lidgh opl j0 odel Casods slaazes (V0) dgd oo Jud55l) 9z 6,500 slaailas,
Savage ¢ Klunklin glaazo b uzes ¢ Sl s 5150 03680 odes (ialidl 5 oo (VF) oK 9 Mansori
)5 ltad (S5 g 513 005K slyime Gl se OF)

Odsn Ll (2lys Sl olas b jled Sl s Gdsn Gliee I (Gieety (nl 5o ool Cesoar slaazs s
5 el Cewsdy sloazs olol pojls 285 1g 50 sla iid coled coyiar plp 10 Jeod ol 10 a5 el (ol il
w255 oS 5 ol CLIE I s ime i ppelS e Sl e gl 59 e S 0 e alllas ol
O A ojls Slgen ol Kigh 550 Jawgi ool (5135 (gloamas b boazdly, ol o)ls S8

S5 A

Sl wlgs o die (pl 40 o0l piiie sl )5S Koo b lgten Lidgh (pl 40 ool Cawdds slbazs (Egaze 4o
Ar o Ol Je gpfedizr US04 ek S e S plsieas Gl 0l Sl ojlas a5 wll g5.050 ()l
Olis 0928 Bhlie 5l ()l 3 (S (15 952 4 4z b S ol O Sy Bl (nl i g 1) (S 2
S 5 4 S (b LS Jexd Al sl Aol g Sl Ol @t S plgae 4 pglS )l STl 0)las ]
iie slo il 2alS s Sla ojlas b 5 Glaabl sl die ol ) i b insi plxil Sezy b oS ool

ey o0 B & 5900 I
References &bw

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 Iycopersicum). 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, 1. 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]

\\l4



2l Sl ojlac U D)/

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. Hernandez-Herrera, R., M. Santacruz-Ruvalcaba, F. Bricefio-Dominguez, D.R. Di Filippo-Herrera and
D.A. Hernandez-Carmona. 2018. Seaweed as potential plant growth stimulants for agriculture in Mexico.
Hidrobiologica, 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: 10.1186/540064-016-3019-2.

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):¢0206221.

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.

Yov



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.

YOA



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 Parizipour!

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!) 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*! seaweed extract.
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