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Table 1. Mean comparison of different concentrations of Ceratocephalus falcata on some seedling traits of
wheat (var. Sardary)

o soi gL L s Jsko

O)LA: e = 4‘? *oyo (€3] \7? Pt wLS /fw)s ..ifw)i WLS 4.>=\3L.., sty

O 3s)) (0 5 k) (p 5k (PS5 sk Goils) Gl (el
Seedling Shoot Radicle . .
Extract Germination  Germination fresh fresh fresh Sf cdling Shoot Radicle
. . X X ength length length
concentration (%) rate (1/day) weight weight weight (cm) (cm) (cm)
(mg) (mg) (mg)

Control 994 a 0.67 a 565 a 290 a 276 a 14.58 a 5.85a 8.73a
5% 40.1b 0.58b 300b 205b 94 b 10.23 b 4.68b 5.56b
10% 19.5¢ 0.54b 302b 215b 87 be 8.52b 4.08b 443 Db
15% 6.6¢ 0.38 ¢ 63 ¢ 50c¢ 12 ¢ 413 ¢ 234 ¢ 1.78 ¢
20% 0ff

ANOVA ib,lg a2
)L’°’33 *
Treatment

s ojlac 0o, Vo e lp 55 alsr aoy0 xSl i)l ao,0 0 (glel Jloii] o 5o o sire S ailie g, L Lo Silo

o yd gy 5 do,0 S (ko] Jlatol gelas 0 )0 ime oSS A g
Means with the same letters are not significant at p<0.05. T, mean of germination percentage for 20%
treatment. ** *: indicate significance at 0.01and 0.05 levels, respectively.
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Table 1. Continued

kS o mls mes bl e UOY g s, T oR
ojlas chile (.: ’ Lo S o) o Jsb' azals (5 L) Azdds,
o b e S (ke azads - PP ) & -
’ (p 5 k) (PS5 o)
Extract Seedling vigor index Sh.OOt. Seedling dry Shoot dry Radicle dry
. length:radicle . . .
concentration (cmxmg) lenght weight (mg)  weight (mg) weight (mg)
Control 13.99 a 0.67 c 96 a 39a 57 a
5% 7.61b 0.81 be 70 b 31 ab 39b
10% 417 ¢ 0.95b 49b 24 b 25¢
15% 0.45d 1.38a 11c 8c 3d
ANOVA (b)ls a3
e k% * k% k% k%
Treatment
Aoy S glel Jlaiml s (o o e BT a4 s g s .00 00,0 0 gkl Jleisl mhans jo jls e BN dilie gy b laSile
.M)») C.u 9

Means with the same letters are not significant at p<0.05. ** *; indicate significance at p<0.01and p<0.05
levels, respectively.
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SloSTy (CAT) 5Y6S «(Alpha-amylase) dlel Wl slaws 3T codlad  owls VT aiy ) conl 5 0lge 31 uillg a5 =Y Jaus

Sl o8, pasS 3 ailexr o)t b (SOD) 5Lgemsd 0Ty 5 PPO) jlast Ji5 L (POX)
Table 2. Effects of allelopatic compounds of root extract of Ceratocephalus falcata on enzyme activities of

Alpha-amylase, catalase (CAT), peroxidase (POX), polyphenol oxidase (PPO), and superoxid dismutase
(SOD) in wheat seed during germination process (var. Sardary)

l Slay e (pSile
i e bl ey Mean of Squares
S.0.V df
Alpha-amylase CAT POX PPO SOD
s (Treatment) 4 0.035 ** 1.58 ** 28.2 ** 7.59 ** 1.14 **
oLzl (Error) 15 0.001 0.20 0.65 0.84 0.7

Sy gy g 0,0 S (g le] Jleisl mhans 0 o e ol 5y s g e
** *: indicate significance at p<0.0land p<0.05 levels, respectively.
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n

B 3 0.5
= - a Alpha-amylase
E 2 é 0.4 b e
Z1s 2 0.3
2! 2 ,
E 1 = 02 ed
£ =
R =
g 05 = 0.1
EEN 2 0
0 5% 10% 15% 20% 0 5% 10% 15% 20%
Concentration Concentration
6 12
- - a a POX
é § 10 ab b
8 4 g 8 a
g w6
g, =4 c
2 = 2
g g
=, E o
0 5%  10% 15% 20% 0 5% 10% 15% 20%
Concentration Concentrafion
, T slap T cadled s ool AT ay ) s 55 Slge 1) U
I . 2 SOD (POX) jlowst, «CAT) ;Y65 «(Alpha-amylase) Ml
ar
‘g 1.5 aild (b (SOD) 5bgemnd 0S5 5 PPO) jlocast J5 L
N Sl slas 1) bepSile ooy o, paF L g5als>
g‘ be zhw 30 gbgre gyl B! Gl alie B> b (Sl
s 05 RSO IR W) I DS
= Fig. 1. Effects of allelopatic compounds of root
0 . . . . extract of Ceratocephalus falcata on Alpha-amylase,
0 % 10% . 15% 20% catalase, peroxidase, polyphenol oxidase, and
Concentration superoxid dismutase in wheat seed during
germination process. Means (£Se) with same letters
are not significant at p<0.05.
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Fig. 2. GC / MS spectra of the methanol root extract in Ceratocephalus falcata

Table. 3. Compounds identified in methanolic extract of the root of Ceratocephalus falcata
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1 2-Furanmethanol 1.37 98.1 4.562 CsHsO,
2 4,5-dihydro-2-thiazolamine 0.98 102.16 4938 C3;HgN,S
3 Protoanemonine 0.49 96.08 5.181 CsH,0,
4 2-propenylhydrazine 1.58 72.11 5.4 C;HgN,
5 Pentaborane(11) 0.3 65.14 5.726 BsH;;

6 1-nitroheptane 0.25 142.2 5.901 C;H5sNO,
7 2,3-dimethyl-2-pentene 0.97 98.18 6.27 C;Hy,

8 Cyclohexanone 0.41 98.15 6.564 CsH,cO
9 3-Cyclohexene-1-propanal 0.49 138.21 9.989 CoH,,0
10 1-Octanol 0.2 130.23 7.108 CsH 30
11 5-methy-2-furancarboxaldehyde 0.25 110.11 7.265 CsHgO,
12 Isopropyl isothiocyanate 1.37 101.16 7.696 C4H;NS
13 1,3-Cyclohexanedione 0.37 112.12 8.109 CsH30,
14 1,2,3,6-Tetrahydropyridine 0.72 83.13 8.272 CsHoN
15 2-Methyl-2-vinyloxirane 0.2 84.11 9.229 CsHgO
16 4-Ethyl-2-octanol 0.51 158.28 9.379 C,0H»,0
17 Phenyloxirane 0.21 120.15 9.573 CsHgO
18 N-ethyl-N-nitrosoethanamine 0.39 120.13 9.704 C4H (N,O
19 5-n-Butyltetrahydropyran-2-one 0.29 226.35 9.949 C14H60,
20 Levulinic acid 0.28 116.11 10.136 CsHgOs
21 2,4-Dihydroxy-5-methylpyrimidine 5.04 126.11 10.599 CsHgN,0O,
22 2,3,4,5-tetrahydropyridine 0.69 83.13 11.168 CsHoN
23 3-methyl-2-heptene 0.37 112.21 11.393 CgH
24 8-Methyl-1,5-diazabicyclo{3.2.1}octane 0.54 140.23 11.837 CgH 4N,
25 N-methyl-N-nitroso-2-propanamine 0.35 102.13 12.281 C4H (N,O
26 3,5-dihydroxy-6-methyl-2,3-dihydro-4H- 6.86 144.12 12.544 CH,0,

pyran-4-one
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27 Cyclopentamin 0.57 141.25 13.157 CoH oN
28 Hexadeuterobenzene 1.39 84.15 13.52 C¢Hg
29 Tetrahydro-2-methoxy-2H-pyran 0.44 116.16 13.70 Ce¢H,,0,
30 Tetrahydro-6-propyl-2H-pyran-2-one 1.77 142.19 13.839 CsH,40,
31 2-chloro-1-propene 1.08 76.52 14.396 C;H;Cl
32 1,2,3-tris-trideuteriomethoxy-pentane 0.73 171.28 14.721 CgHoDyO3
33 5-methoxy-4(3H)-pyrimidinone 7.48 126.11 14.996 CsHgN,O,
34 Butanedioic acid, hydroxy-, dimethyl ester 3.49 162.14 15.159 CsH;(Os5
35 0,0'-dideuterio-succinic acid 0.23 120.1 15.834 C,H,D,0,
36 Epifluorhydrine 0.66 76.07 16.541 C;HsFO
37 3,3'-Thiodipropanol 0.76 150.24 16.816 C¢H 4,0
38 Lauryl glycidyl ether 0.38 242.40 17.129 C;5H300,
39 4-Hydroxy-2-methylacetophenone 1.26 150.17 17.490 CoH,(0,
40 cis-3,5-Dimethoxycyclohexanone 0.2 158.19 17.949 CgH 405
41 Methyl pyroglutamate 2.42 143.14 19.093 CsHoNO
42 1,5 -Dihydro-4H-pyraozr(l);o[3 ,4-d]pyrimidin-4- 43 136.11 20795 C:HN,O
43 Cyclopentyl acetate 5.21 128.17 21.689 C,H,,0,
44 octanoic acid, silver octanoate 1.45 251.07 22.434 CsH sAg0,
45 2,6-Dimethyl-3-(methoxymethyl)-p- 027 1802 23728 C1oH 1,05
benzoquinone
46 3-Deoxy-d-mannoic lactone 2.07 162.14 26.593 Ce¢H;9Os5
47 3,4-dimethyl-2-hexanol 0.31 130.23 23.045 CsH 30
48 1-Methoxy-3-(2-hydroxyethyl)nonane 0.3 202.33 29.696 Ci,Hy0,
49 Inositol 0.25 180.16 30.872 CsH 1,04
50 14-Methylpentadecanoic acid methyl ester 0.62 270.45 31416 C,7H3,0,
51 Hexadecanoic acid 5.76 256.43 32.098 CisH3,0,
52 Linolenic acid methyl ester 3.72 292.46 34.738 CioH3,0,
53 Phytol 1.73 296.53 34.957 CyoH400
54 Linoleic acid 0.22 280.45 35.288 C5H3,0,
55 9,12,15-Octadecatrienal 12.84 262.43 35.445 CisH300
56 Bicyclo[3.3.1]non-6-en-2-one 0.26 136.19 35.879 CoH,,0O
57 2-Methoxy-3 -methyi;i?utenoic acid methyl 034 144.16 41368 CH},0
Hexadecanoic acid, 2-hydroxy-
58 L (hydroxymethyl)e thy% o tesf 6.17 3305 41.544 C1oH3504
59 Hexanoic acid butyl ester 0.63 172.26 41.781 CioH»00,
60 3-Nitrophthalic acid 0.64 211.12 42.182 CsHsNOg
61 Stearic acid hydrazide 4.29 298.51 44.627 CgH3sN,O
62 Tritetracontane 0.55 605.17 47.474 C4Hgg
&lw
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Extended Abstract

Introduction: The weed invasion is one of the main yield-reducing factors in crops. They are potent
competitors on vital resources which limits the availability of the resources for crops. Allelopathy is one of
the weeds' abilities that commonly with inhibitory influences, affects plant communities' behavior. Therefore,
the evaluation of these compounds' effects is important on crop plants. Also, the identification of allelopathic
plants and their bioactive compounds can be a suitable approach to weed management. Thus, the aim of this
study was the evaluation of the allelopathic potential of C. falcate on germination indices of wheat seeds and
the mode of action of the extract on some enzyme activities. Furthermore, secondary metabolites in
methanolic root extract were identified and reported.

Materials and methods: Germination and seedling experiments of Triticum aestivum var. Sardary seeds
were tested by 0, 5%, 10%, 15%, and 20% concentrations of C. falcata root extracts based on CRD with four
replications at the research laboratory of Maragheh University during 2018-19. Also, the influence of the
extract was studied on enzyme activities of alpha-amylase, catalase, peroxidase, superoxide dismutase, and
polyphenol oxidase. Furthermore, chemical compounds of the root methanolic extract identified by GC/MS
instruments.

Results: Germination percentage and germination rate decreased significantly with the increase in the
concentration of the extract, and germination stopped at concentrations above 15%. The results of seedling
growth showed severe inhibitory effects of the extract on radicle and shoot organs of wheat seedlings that
associated with reducing of the lengths and weights of the organs, and consequently, the vigor of seedling
declined. The extract significantly reduced the activity of alpha-amylase, however, the activities of
antioxidant enzymes first increased at low and medium concentrations but at high concentrations, the
activities declined. The phytochemical analysis identified 62 compounds in the root of this plant that
Octadecatrienal, Dihydro-4H-pyrazolo [3, 4-d] pyrimidin-4-one, Hexadecanoic acid, Hexadecanoic acid, 2-
hydroxy-1 (hydroxymethyl) ethyl ester, Isopropyl isothiocyanate, and Cyclohexanone could be effective
compounds on seed germination.

Conclusion: C. falcata had a very strong inhibitory effect on the seed viability and seed vigor of the
wheat seeds. According to the results, the mode of action of the allelopathic compounds is induced by
induction of oxidative stress and inhibition of seed reserves remobilization during germination. The high
sensitivity of alpha-amylase activity to allelochemicals was detected in this experiment. The decrease in the
activity of all studied enzymes at high concentrations of C. falcata root extract was also significant. Stearic
acid and palmitic acid derivatives accounted for about 30% of the compounds, which are very likely to
interfere with the activity of the enzymes.

Keywords: Allelopathy, Alpha-amylase, Oxidative stress, Secondary metabolite, Seed vigour

Highlights:
1- Allelopathy effects of C. falcata root extract on germination indices of wheat were studied.
2- Chemical compounds identified were in methanol extract of the plant roots of C. falcate.
3- Oxidative stress is induced by the allelochemicals of C. falcata.
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