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Table 1- Results of analysis of variance (mean of squares) of germination indexes affected by
extraction and concentration
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Source of variation e e Germination Mean Seed Seedling  Seedling
df percentage germination  vigour :
rate 4 : length weigh
ime index
Extraction o,lac 1 4.16™ 0.003™ 0.051™ 3.76™ 1.97%* 8.13%*
Concentrationcdalé 3 81.94™ 5.47™ 0.28"™ 1.88™ 13.7%* 18.9%*
“Blexolas 48.6™ 0.94™ 0.29™ 0.29%  0.60%*  120%*
ExtractionxConcentration
Error (oivle3l glas 16 112.5 4.44 0.35 5.118 1.47 0.48
C.V. (%) &) yuais' g g 11.51 22.46 14.1 25.01 4.25 225

aibige 0o )8 SO g Jleiml zokaw )8 o pe NS g o pme BB pae Sibo ol S H* g% s
ns, * and **: Non-significant and, significant at 1% and 5% probability level, respectively
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Table 2- Results of analysis of variance (mean of squares) of germination indexes, total
chlorophyll content and soluble sugars affected by extraction and concentration
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Source of variation o i f) Shoot Root ) Seedling ~ chlorophyl ~ Xylose Manose  Glucose
weight weight Sh(t)ot tto weight 1
root ratio
Extraction o,tas 1 0.00040x 0000064 ggzun 00002 g ggen qoeen 45 0232
Concentration cilé 3 000020 000005 g p0pgn 00005 g gz 541 ps1m 0 0.469%
cdilexolas 3 0.00003% 000002 g p049n 000012 g gasm gaa 041™  0.002%
ExtractionxConcentration
Error sduloj] slas 16 0000001 000000 o008 009000 g g5 1159 0861  0.078
CV. (%) 0k iy 5.16 13.08 494 4n 525 366 7137 9.13

ail o s pd S g iy Jloiol zoka 58 s sre BB 5 lo e M pae Kby oo ey ** ¥ ns
ns, * and **: non-significant and, significant at 1% and 5% probability level, respectively
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Table 3: Results of analysis of variance (mean of squares) of leaf area index, plant height, grain
yield and biological yield affected by extraction and concentration

JUVEL PV oY &ol3T ax 5o Sy g el PHERKSPYS RIS
Source of variation Df Leaf area Plant height  Grain yield B101_0}1g(11ca1
index yie
Extraction o las 1 0.0055™ 6.4" 185.92™ 3.010™
Concentrationcdalé 3 0.1087%* 827.03%%* 2596.5%* 5433 4%%*
wlilexolas 3 0.0045™ 3.28™ 154.3% 103.4™
ExtractlonXConcentratlon
Error ‘S&{L«:ﬂ slbs 16 0.0044 17.6 46.46 117.66
CV (%) Sl yonis 3 597 5.065 5.58 3.53

RS 5&Jblchd)a)l>6m5)\awﬁi%‘g;@**5*,ns
ns, * and ** are non-significant, insignificant, and significant in probabilities of five and one percent, respectively
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Table 4: Two-way interaction between extraction and concentration on germination indexes and

grain yield
o el 4;’“:1"‘)9-"’ 4%‘-«-!,)“)9-" azadlo (339 azaday i 4’°L-5J5 039 lo
o Concentration eedling Seedling Shoot Root weight Seedling )
Treatment : length weigh weight g weight Gain
(mg L") s s S [ s ield
¢ (mm) (mm) ® ® yield
(gm’)
G orloe 0 8.9a 938a 0.026a 0.013ab 0.04a 150 a
£ o 50 7.9b 8.9b 0.023b 0.011bc 0.035b 126 b
Total extract 100 7.2¢ 8.1c 0.022b 0.014a 0.037b 109 d
150 5.3de 6.2¢ 0.014c 0.007d 0.021c 113 cd
loaipiagdls 0 8.9a 9.8a 0.026a 0.013ab 0.04a 150 a
i 50 7.5bc 7.6d 0.026a 0.010¢ 0.037b 123 be
Total Js 100 5.7d 5.9¢ 0.014c 0.05de 0.019¢ 111d
flavonoids 150 5.2 5.1g 0.0092d 0.005¢ 0.013d Ne
LSD value 0.52 0.3 0.018 0.024 0.072 11.7

b e (S (yge3] bl ) 70 Jleis] s )0 lo sme ST a8l ¢ SKiloo (g ;o 50 wlie g >
Means having similar letters have no significant difference at 5% probability level by Duncan test.
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Table 5: Main effect of extract concentration on leaf area index, plant height and biological
yield of wild oat (Avena fatua L.).

il S gl 3Ll g gl Sy 0 5 das
Concentration (mg L") Leaf area index Plant height (cm) Biological yield (g m?)
0 13a 98.6a 348 a
50 1.09b 82.2b 302b
100 1.07 be 80.0b 300b
150 099 ¢ 703 ¢ 275¢
LSD value 0.0861 5.13 132

b e (S (yge3] bl ) 70 Jlais] gl )0 lo sme ST a8l (koo (g ;o 50 wlie g >
Means having similar letters have no significant difference at 5% probability level by Duncan test.
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Figure 1- Root-seedling ratio affected by main effect of solution
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Figure 2- Total chlorophyll content affected by main effect of solution
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Means followed by similar letters in bars are not significantly different at the 5% probability level by the Duncan
test.
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Figure 3- Total chlorophyll content affected by main effect of concentration

14 (13.9)
12.5)

9l
Manose (pg g 'FW)

Total extract Total flavonoids
Solution
ojlas g5 Lol 1 b o Sy ke liee =F JSC
Figure 4- Manose content affected by main effect of solution
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Figure 5- Glucose content affected by main effect of concentration
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Means followed by similar letters in bars are not significantly different at the 5% probability level by the Duncan
test.



T VEY 5l dBVY oyl amoin alo «ol; LS (s5slss sudsST sole 4523 I

References ooliiwl 8 yg0 23l

eAbbassi, F., and M. Jahani, 2007. Allelopathic effects of saffron corms on seed
germination of several important crops. Acta Horticulture. 739: 269-73.

e Alvarez-orti, M., L. Gomez-Gomez, A. Rubio, J. Escribano, J. Pardo, F. Jimenez, and
J.A. Fernandez. 2004. Development and gene expression in saffron corms. Acta
Horticulture. 650: 141-148.

e Amini, S., M. Azizi, M.R. Joharchi, M. Shafei, F. Moradinezhad, and Y. Fujii. 2014.
Determination of allelopathic potential in some medicinal and wild plant species of
Iran by dish pack method. Theoretical and Experimental Plant Physiology. 26(3-
4): 189-199.

eAnonymous. 2010. ISTA International rules for seed testing. International Seed
Testing Association (ISTA).

eAugustine, A., E. Uduenevwo Francis, and A. Uche Ivy. 2013. Biochemical
assessment of the effect of aqueous leaf extract of euphorbia heterophylla linn on
hepatocytes of rats. IOSR Journal of Environmental Science, Toxicology and Food
Technology. 3(5): 37-41.

e Azizi, E., L. Alimoradi, M. Jahani Kondori, and A. Siahmargouei. 2013. Evaluation of
allelopathic effects of saffron extract on germination and early growth of
Gipsophylla pilosa and Rapistrum rugosum. Journal of Plant Environental
Physiology. 8(2): 1-12. (In Persian).

eBarkhordari, K., A. Sorooshzadeh, and A. Mokhtassi-Bidgoli. 2018. Allelopathic
effect of extraction solution of leaves and corms of saffron (Crocus sativus) in
phenological stages on seed germination of jimson weed (Datura stramonium).
Modares Journal of Biotechnology. 9(2): 233-239 (In Persian).

oCruz-Ortega, R., A. Lara-Nuifiez, and A.L. Anaya, 2007. Allelochemical stress can
trigger oxidative damage in receptor plants: Mode of action of phytotoxicity. Plant
Signaling Behav. 2: 269-270.

eDganaguiraman, M., and R. Vaidyanathan. 2005. Physiological responses of
Eucalyptus globus leaf leachate on seedling physiology of rice, sorghum and
blackgram. International Journal of Agriculture. 7:34-38.

eDubiso, M., K.A. Gilles, J.K. Hamilton, P.A. Rebers and F. Smith. 1965. Colorimetric
method for determination of sugars and related substances. Annual Chemical.
28:350-356.

eEl-khawas, S., and M. Shahata. 2005. The allelopathic potentialities of Acacia nilotica
and Eucalyptus rostrata on monocot (Zea mays L.) and dicot (Phaseolus vulgaris
L.) plants. Biotechnology. 4:23-34.

eGnanavel, 1. 2015. Eco-friendly weed control options for sustainable agriculture.
Scientific Integrate. 3: 37-47.

oeGoli, S.A.H., F. Mokhtari, and M. Rahimmalek. 2012. Phenolic compounds and
antioxidant activity from saffron (Crocus sativusL.) petal. Journal of Agricultural
Science. 4(10): 175-181.

eHamidi, R., D. Mazaheri, and H. Rahimian Mashhadi. 2010. Effect of wide barley
(Hordeum spontaneum Koch) leaf and culm extracts on seed germination and
seedling growth of winter wheat (Triticum aestivum L.). Weed Research Journal.
2(2):19-28. (In Persian).



"\"“)5(5')‘\“‘5?)"°“\“”C‘)7L‘*“1JS“\“9‘5N35L}‘}“;)S)‘KQSJ a)La.c W];Qfl—ul)Kﬂjmsﬁa‘ Yy I

eJabran, K. 2017. Manipulation of allelopathic crops for weed control. First Ed. New
York: Springer International Publishing. pp.77-85.

eJoung, K.A., and .M. Chung, 2000. Allelopathic potential of rice hulls on germination
and seedling growth of barnyard grass. Agronomy Journal. 92: 1162-1167.

eKobayashi, K. 2004. Factors affecting phytotoxic activity of allelochemicals in soil.
Weed Biology and Management. 4: 1-7.

el ee, J., N. Joshi, R. Pasini, R.C. Dobson, J. Allison, and T. Leustek, 2016. Inhibition
of Arabidopsis growth by the allelopathic compound azetidine-2-carboxylate is due
to the low amino acid specificity of cytosolic prolyl-tRNA synthetase. Plant
Journal. 88: 236-246.

eLichtenthaler, H.K. 1987. Chlorophylls and carotenoids: Pigments of photosynthetic
biomembranes. Methods in Enzymology. 148: 350- 382.

eMaguire, J.D. 1962. Speed of germination—aid in selection and evaluation for seedling
emergence and vigour. Crop Science. 2: 176-177.

eMalik, M.S. 2004. Effects of aqueous leaf extracts of Eucalyptus globus on
germination and seedling growth of potato, maize and bean. Allelopathy Journal.
14: 213-220.

eMardani, H., J. Maninang, K.S. Appiah, Y. Oikawa, M. Azizi, and Y. Fujii, 2019.
Evaluation of biological response of lettuce (Lactuca sativa L.) and weeds to
safranal allelochemical of saffron (Crocus sativus) by using static exposure
method. Molecules. 24: 1788.

eMardani, H., T. Sekine, M. Azizi, M. Mishyna, and Y. Fujii, 2015. Identification of
safranal as the main allelochemical from saffron (Crocus sativus). Natural Product
Community. 10: 775-777.

eMuscolo, A., M.R. Panuccio, and M. Sidari, 2001. The effect of phenols on respiratory
enzymes in seed germination, respiratory enzyme activities during germination of
Pinus laricio seeds treated with phenols extracted from different forest soils. Plant
Growth Regulation. 35: 31-35.

eNichols, M.A., and W. Heydecker. 1968. Two approaches to the study of germination
data. International Seed Testing Association. 33: 531-540.

eOhno, T.K., L.M. Doolan, M. Zibilske, E. Liebman, R. Gallandt, and C. Berube, 2000.
Phytotoxic effects of red clover amended soils on wild mustard seedling growth.
Agriculture, Ecosystems and Environment. 78: 187-192.

ePazoki, A., M.K. Kariminejad, and A. Foladi Targhi. 2017. Effect of corm density on
yield and qualitative traits of saffron (Crocus sativus L.) under different urea and
biological fertilizers in Shahr-e-Rey region. Journal of Crop Ecophysiology. 11
(2): 315-330. (In Persian).

ePudetko, K., L. Majchrzak, and D. Naro'zna. 2014. Allelopathic effect of fibre hemp
(Cannabis sativa L.) on monocot and dicot plant species. Indusrtial Crops
Product. 56: 191-199.

eRahaiee, S., S. Moini, M. Hashemi, and S.A. Shojaosadati, 2015. Evaluation of
antioxidant activities of bioactive compounds and various extracts obtained from
saffron (Crocus sativus L.): A review. Journal of Food Science and Technology.
52: 1881-1888.



fry VEY 5l dBVY oyl amoin alo «ol; LS (s5slss sudsST sole 4523 I

eSenizza, B., G. Rocchetti, S. Ghisoni, M. Buscon, M. Mozos Pascual, J.A. Fernandez,
L. Lucini, and M. Trevisan. 2019. Identification of phenolic markers for saffron
authenticity and origin: An untargeted metabolomics approach. Food Research
International. 75: 23-36.

eVosooghi S, M. Mahmoudabady, A. Neamati, and H. Aghababa, 2013 Preventive
effects of hydroalcoholic extract of saffron on hematological parameters of
experimental asthmatic rats. Avicenna Journal Phytomed. 3(3):279-287.

eXia, J., D.I. Broadhurst, M. Wilson, and D.S. Wishart. 2013. Translational biomarker
discovery in clinical metabolomics: an introductory tutorial. Metabolomics. 9(2):
280-299.

eXiang, J.J., N. Chen, H. Li, X. Zhang, B. Yang, and L.Q. Huang. 2021. Analysis of
flavonoids from saffron floral bio-residues. China Journal of Chinese Materia
Medica. 46(6): 1438-1449.

oZeinali, E., A. Soltani, S. Galeshi, and S.J. Sadati. 2010. Cardinal temperatures,
response to temperature and range of thermal tolerance for seed germination in
wheat (Triticum aestivum L.) cultivars. Elektronik Journal Crop Production. 3(3):
23-42. (In Persian).

oZeka, K., K.C. Ruparelia, M.A. Continenza, D. Stagos, F. Veglio, and R.R. Arroo.
2015. Petals of Crocus sativus L: as a potential source of the antioxidants crocin
and kaempferol. Fitoterapia. 107: 128-134.



Journal of Crop Ecophysiology / Vol. 17, No. 3, 2023 424 I

Research Article DOI:

Allopathic Effect of Aqueous Extract of Saffron Petals and
Total Flavonoids Extracted on Germination and Seedling
Growth of Wild Oat (Avena fatua L.)

Seyyed Hashem Asghari Najib*, Ali Soroushzadeg® and Ali Mokhtassi-Bidgoli®

Received: February 2022,  Revised: 9 March 2022,  Accepted: 24 April 2022

Abstract

In order to investigate the allopathic effect of aqueous extract of saffron petals and
total flavonoids extracted on germination indices and some morphological traits, total
chlorophyll and soluble sugar of wild oat seedlings, an experiment was conducted in
2018 in the laboratory of Tarbiat Modares University, Tehran. The experiment was a
completely randomized design with three replications. The first treatment was the type
of extract at two levels (total extract and total flavonoid) and the second treatment was
the concentration of extracts (distilled water, 50, 100 and 150 mg.L™"). The results
showed that the maximum stem length, root length and fresh weight of seedlings were
obtained in the non-extract treatment. Application of saffron petal extract treatment
reduced the above traits so that the minimum amount of stem length, root length and
total seedling fresh weight with averages of 5.2 cm, 5.1 cm and 0.013 g, respectively.
Total flavonoids and 150 mg L of the extract were obtained. Total extract reduced the
total chlorophyll content so that the total flavonoid ratio was 7.92% lower. However,
among the concentrations used, only 150 mg L' of the extract reduced the total
chlorophyll content and other levels were not significantly different. Seedling mannose
content was reduced by applying total extract which was 6.7% less than total flavonoid
treatment. The highest amount of glucose was obtained in the treatment of non-
consumption of the extract (3.12 mg.g”’ FW) and increasing the concentration of the
extract led to a decrease in glucose. The highest grain yield was obtained at control
concentration of extract (150 g.m™). Increasing the concentration of extracts led to a
decrease in leaf area index, plant height and biological yield about 23.8%, 28.7% and
20.9%, respectively. The results show that the effectiveness of total flavonoid extract
was higher than total extract. In general, the inhibitory effect of total extract was more
on mannose and in the case of total flavonoids, the reducing effect of the extract was ore
obviouse on total chlorophyll and stem to root ratio. The greatest effect of growth
inhibition is related to flavonoid compounds and the presence of other compounds along
with flavonoid compounds reduces their inhibition.

Key words: Allelopathy, Flavonoids, Natural herbicides, Seedling length, Soluble
sugar.
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