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ABSTRACT

biochemical ghanges but decreased the enzyme{superoxide dismutase) activity, and
growth , JThe allelochemicals application increased thgphenolic compounds, protein
and sugars contents in treated plants; indicating, the changes in metabolism, ;The
allelochemicals at 20, 40 and 60 mg/ ml/ 20 seeds showed ,considerable impact on
,'shoot growth, whichameliorated with the increasing concentrations,
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affect many aspects of plant ecology including occurrence, growth, plant succession, and
the structure of plant communities, dominance, diversity, and plant productivity
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between antioxidant defenses and the amount of reactive oxygen species (ROS), resulting
in oxidative stress (7). Although allelochemicals act as inhibitors of seed germination, their
mode of action often remains unclear. Recently, it was proposed that oxidative stress could
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concentrated in a rotary evaporator. Leaf material weighing 150 g yielded a dry extract of
5.5 g. Castor , seeds (obtained from Directorate of Oil Seed Research, Hyderabad ) were
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laboratory in the morning hours and the upper leaves from each plant were selected for the
treatment.
The castor plants of 20-day-old (30 cm height with 4 to 5 leaves) were chosen for

v

Each plant received 50 pl of a single concentration of the test chemical and the plants
treated with the same amount of acetone alone served as controls. For each treatment there
were 10 treated plants and same number for controls. The experiments were repeated three
times. Immediately after the application, the treated plants were shifted to the controlled
conditions in an environmental chamber and alowed to remain up to 24 h. The leaf
materia from the treated and control plants were collected, immediately frozen in liquid

determined, With regard to the possible roles of oxidative stress in phytotoxicity, the
changes in the main oxidative enzymes such as catalase, superoxide dismutase and
peroxidasevere studied.
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100 pl of the extract was diluted to 1 ml with water and mixed with 0.5 ml of 2 M Folin-
Ciocalteu reagent as well as 0.5 ml of 1. M NaCOs. The absorbance of the sample solution
was measured at 724 nm using spectrophotometer after 1 hr. Concentration of total phenols
in the extract was calculated from a standard curve prepared with gallic acid.

The qualitative profile of phenolic compounds was determined by thin layer

chromatography using the methods of Harborne (15). In this, R._communis |leaves were
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acetate. A single spot of extract (25 ul) was applied onto silica gel (250 mesh), and the
TLC plates developed in n-butanol-acetic acid-water (BAW, 4:1:5 v/viv)_and were
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Figure 1. Effects of Piper betle extract and eugenol on protein, phenols and carbohydrate content of
R. communis. In each treatment, bars indicated by ‘*’ are significant differences (Tukey's
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Table 1. Qualitative analysis (TLC) of phenol extracts from the castor leaves treated with P. betle

extract and eugenol (24 h after exposure to these two allelochemical factors) /
i Cootrol PEBL
!
Control Retention factor (R¢) values Visible (lodine) uv /
Piper treatment Eugenol treatment I
0.29 0.29 0.29 - P /
0.66 0.66 0.66 Y /
0.73 Y !
0.85 0.85 0.85 Y !
Colour reaction of phenol after treatment Y - yellow, P - pink. !
v /
Control PRE Fugenol
Deleted:
Deleted: |
treatment ...the ... [84]
( Deleted: 17 ]
‘,"‘[ Deleted: caused ...in (...[85] i
‘ sy“j‘/[ Deleted: 14 ]
Deleted: quantitatively in the
comparison with the ...and the di”"1g6]
[Deleted 2
PBL - Piper betle leaf extract Deleted: C ]
Deleted: The carbohydrates are the
Figure 2. TLC profile of the phenol extracts from the castor leaves surface treated with two energy sources that aresynthesizH” [87]
alelochemicals (24 hrs after exposure to P. betle and eugenal). { D
eleted
jn eugenol treated leaf extracts. Earlier reports showed similar observations with the ||/ /( Deleted: 29 )

application of leaf leachate of Eucalyptus globulus on seedlings of rice, sorghum and black |, Deleted: treatment with ...the ...caused
_The application of terulic acid and vanillic '/ 8.in .. [88]

| Deleted: oxidative(..) [ [go] ]

'/ .
control plants (Fig. 1). Previous investigations showed that plant exposure to cinnamic or | i/ /{ Deleted: -

benzoic acids inhibited the photosynthesis, protein synthesis, enzyme activities and lipid /" /) [Deleted: case }
mobilization (5,30). )/ [ Deleted: of )

enzymes , (superoxide dismutase, peroxidase and catalase). The difference between the ////,ﬂ {

Deleted: the ... The peroxidase activity
increased on...the ... [90]

application of piper extract and eugenol at 20 and 40% concentration jncreased the - ’{ Deleted: |
- { Formatted: Centered J

/{ Deleted: 21 ]
/

<




Allelochemical stress induced biochemical changesin Ricinus communisL. 87« _- {Formatted: Font: 9 pt ]
v N - Formatted: Centered, Space Before: ‘
18 oo
16 { Deleted: EENER ]
g 14 - /[ Deleted: peroxidase activity ]
gg 1.2 4 /{Deleted: (only?) ]
= !
E S 14 ///’{Deleted: (Fig. 3 ]
0.8 A I
5% 06 ,’//{Deleted: B ]
o © Y.0 o //////
Q 94 | ,//,//{ Deleted: A). ]
Il
~ 0.2 1 ////:// Deleted: Catalaseisthe reactive
04 /,/’//// ;| oxygen species scavenging enzyme (only
’/// 1,/ | catalase?) and antagonist (competitor) to
’ the peroxidase for hydrogen peroxide

20

Test concentration (in %)

40 60 7
2

SOD activity
(0.D at 560 nm/min/g)

20

Test concentration (in %)

40 60

CAT activity
(O.D 240 nm/min/g)

20

Test Concentration (in %)
/

/]
Figure 3. Effects of alelochemical stress, along with control at different concentrations on redox /

B Control
m Eugenol
B PBL

40 60

enzymes — (A) peroxidase (POX), (B) superoxide dismutase (SOD) and (C) catalase

In each treatments stars at the top of the bars show

(CAT) in leaves of R. communis.

significant differences (Tukey's HSD test, P<0.05), (N — one leaf/plant/replicate, 30

replicates per treatment). Lines on the bars indicating SE (standard error).

7| Deleted: Theactivity of peroxidase

having the similar function (it is not true).

decreased with theincrease in
concentration of P. betle
{Deleted: e ]

Deleted: extract and was significantly
different between treatments and controls

(P<0.05). 1

Page Break

{Deleted: .
/f

S

"| Deleted: 31

/| C:\Documents and

" 1| Settings\Administrator\L ocal

|| Settings\Temporary Internet

Files\Content.|ES\ER7TXA20\Ms%5B1
" | 9%5D[1].9620807-08%20-
%20Barbara%?20accepted%20-
|| %2018.06.08-Manoj%20corrected-
20.6.08.docE:\2008-

! 12.2.08\Journal\Journal 2008\AJ 22 (1)
July 2008\AJ 22 (1)\SSN Edited and

! Corrected Ms\Ms. 807-08 - Barbara

/ accepted - 18.06.08-Manoj corrected-

L 20.6.08.doc/EDCOR-21.6.08




Deleted:

il

Deleted:

)

rewasadiminutivec”  191]

Deleted:

e

Deleted:

in comparison with theto

—

/| Deleted:

A

Deleted:

the

enzyme

Deleted:

e

Deleted:

that of the ...on

... [92]

Deleted:

treatment with the

Deleted:

8

Deleted:

enzyme

88 Usha Rani

(
(
(
(
(
[
[ Deleted:
(
E
(
(
(
E

Deleted:

on treatment with

' {Deleted:

and

peroxidase activity (Fig. 3A). The activity of peroxidase decreased with the increase in

‘," [ Deleted:

are known to

concentration of P. betle extract and was significantly different between treatments and

Deleted:

2.4

... [93]

'

controls (P< 0.05).

enzyme

/ { Deleted:
[ Deleted:

on ...ment

... [94]

peroxidase (POX) due to the application of the allelochemicals, P. betlg crude extract and || | / ‘/{ Deleted

: inthat of the resu

Its (" [95]

Deleted:

Oracz...2...6

sisx| ) | ||| ElJ |1

... [96]

Deleted:

resulted ininduction {""197]

enhanced in eugenol treated castor plants (Fig. 3C). On the contrary. the rice agueous //// [Dmeted:

Yy

Iy

(25). Herrig et al. (17) reported the increased peroxidase activity in the soybean roots |/

/ /{ Deleted:

(explain this abbrevig” 98]

77777777777 Iy

when freated, with ferulic and vanillic acid, which is similar to our results, Bogatek et al. //// / {Deleted:

s

T...wasaffected due| [99]

() demonstrated that allelochemicals present in leaf extracts of sunflower cause oxidative //// [ Deleted: with the treatment

/
/[

stress in mustard seedlings through ROS generation and it enhanced, the activities of CAT, ///

)
SOD, and GR (glutathione reductass), It appears that there is a direct physical interaction /' Deleted: (-.)...(64.447) [ ... [100]
between the susceptible plant cells and allelochemicals. s [ Deleted: . ]
The application of allelochemicals significantly affected fthe seed germination /- ,"/{Daeted: (81.527) ]
(Figure 4), There was significant (P<0.001) inhibition of seed germination under the /, )0 {Deleted_ ]
influence, of piper extract , (64%) as well as eugenal,, (81%) at a concentration 60 mg/ml /- M
per 20 seeds. " Deleted: differencesin shoot( _ [101] )
7~/ _- Deleted: ecially the effect
root length (Fig. 4A). Similarly, the root growth was also decreased as the concentration /~~ { Epedly - [102]

increased. This negative impact on the root and shoot growth also decreased the growth of > Deleted

scauseda...in...grq [103]

castor seedlings. In tomato seedlings, the allelochemical stress caused by Scyos deppei { Deleted:

1

aqueous leachate inhibited the root growth but not germination, and produced an /,{ Deleted

: compound

imbalance in the oxidative status of cells both in ungerminated seeds and in primary roots ,’

(k2. )

/{ Deleted:

(factors)

Both the alelopathic factors reduced the germination of castor seeds and their, -~ /{ Deleted:

inaddition...; ... al{" T104]

seedlings growth. The root and shoot length of castor seedlings at al the three /Li/{ Deleted

: seeds(...)

5l 8

... [105]

concentrations were |ess than seedlings of untreated control (Fig. 4 B and C). Eugenol had

more allelopathic effect than piper crude extract (only roots) and reduced the growth of . Deieted: when comparedto (.. 1106]
Seedlings. Sometimes allelochemicals may not be toxic compounds but they induce toxic [ Deleted:

responses (36). ~{ Deleted:

necessarily beinher(" | 1107]

7777777777777777777777777777777777777 o ‘[ Deleted:

5

i

extracted from leaves of Citrus aurantium L. inhibits the growth of Amaranthus .. [De'ete": have been describ

... [108]

retroflexus (3); residues of Eucalyptus globulus and Acacia melanoxylon inhibits the \T‘[Deleted:

0

5l

germination and seedling growth of Lactuca sativa (33); and essentid oils of Eucalyptus { Deleted: a.. b

globulus and Eucalyptus citriodora inhibits the germination of Phaseolus aureus and Lens . - [109]
esculentum (22). The mechanisms of affecting germination by monoterpenes are not - | Deleted:

known (29). The effects of four monoterpenes (camphor, eucaliptol, limonene and a- { Deleted: 2...19 ... [110]
pinene), were invesiigated on the oxidative metabolism of mitochondria isolated from the ( Deleted: by which monoterp¢ __[111]

maize root (Zea mays), on maize seed germination,and on primary root growth and found *.
that their interference with mitochondrial respiration jnhibited the seed germination and "\ °

. \{ Deleted:

8

plant growth (1,4). N

N
N\

N [ Deleted:
\

it
\ (N

ANON .
\ \\\ { Deleted:

\

N { Deleted:

,...were investigat

... [112]

\
N { Deleted:

caused

\
\ [ Deleted:
\

\ {Deleted:

on

\
Y

\

[ Deleted:

ory activity




89« | - {Formatted: Font: 9 pt ]

Allelochemical stress induced biochemical changesin Ricinus communisL. 89«
v 1 { Formatted: Centered, Space Before:
[~ | opt
90 " { Deleted:

S A " SPBL { Short itle? )
=~ 80 ]

5 70 4 m Eugenol

B

<

E

o}

o

®

c

el

£

z

£

m Control
= PBL
m Eugenol

Soat laghin(@n)

12
10

Root length in (M)

O N b O

Test samples mg/ml/20 seeds)

Figure 4. Effects of P. betle |eaf extract and eugenol on seed germination and seedling qgoyvﬂquj
castor seeds. (A) Germination tests; significant differences (P< 0.001) are indicated by
‘*' (paired t-test). (B and C) Seedling growth; bars indicating ‘*’'are significant
differences (ANOVA, P< 0.001, Tukey's test), (20 seeds/replicate, 3 replicates per
treatment, N — 60). Lines on the bars indicating SE (standard error). PBL — Piper betle

leaf extract.

S

{Deleted: .
/f

Deleted: 31

| C:\Documents and

1| Settings\Administrator\Local

|| Settings\Temporary Internet

Files\Content.|ES\ER7TXA20\Ms%5B1

%5D[1].%620807-08%20-
%20Barbara%?20accepted%20-
%2018.06.08-M anoj%20corrected-
20.6.08.docE:\2008-
12.2.08\Journal\Journal 2008\AJ 22 (1)
July 2008\AJ 22 (1)\SSN Edited and
Corrected Ms\Ms. 807-08 - Barbara
accepted - 18.06.08-Manoj corrected-

| 20.6.08.doc/EDCOR-21.6.08




{Deleted: T
/

J [ Deleted:

0 Usha Rani /// /{ Deleted: was determined

S/ [Deleted: isinteresting to study

We found that allelochemical treatment caused general disorders in the treated |/ [ Deleted:

area and changes the amounts of biochemical parameters as stress markers. Since modes of |/ { Deleted: (realy?)
action of natural products are different from synthetic herbicides, hence, it isinteresting to /", - - e

study fhe mechanism of phytotoxicity induced in susceptible plants by plant-produced /.’ [ Deleted: .

allelochemicals, The phytotoxicity of some allelochemicals is attributed to their ability to /- { Deleted: 1

disrupt normal metabolic processesin the plant. L {Delete e

o J G 0 U

CONCL [Jé[é'i\lisi 7777777777777777777777 /// Deleted: Fromthe above stud” | [115]
,f/ /[ Deleted: | ]
JThe application of Piper leaf extract and eugenol induced changes in the /| [ Deleted: 1 )
qualitative profile of tota soluble phenols and oxidative enzymes in castor by m// ,”/[ Deleted: d J
i ifi 1 i / N
the natural defence pathways. The changes in specific phenols and proteins might be the !/ [ Deleted: indian Institeof G [116]3

useful biogenetic markers in castor plants. Thus treatment changed the level of phenolsin

O
o
@
@
@
o

the plant and it varied with the treatment as well as the concentration of the compound. /// /| Deleted: - Page Brea | 1117]

6. Bogatek, R., Gniazdowska, A., Zakrzewska, W., Oracz, K. and Gawronski, SW. (2006). Allelopathic effects+ ~_

~ of sunflower extracts on mustard seed germination and seedling growth. Biologia Plantarum50; { Formatted: Bullets and Nur”_[124]

156-158. [ Deleted: (1)

JThe mode of action of these two alelochemicals will show the way jo use these /," Deleted: Referencesmarked _ [11g]
o . - . [
compoundg S futu.re herbicides. Thg stgdy of namurall phytotoxi ns, including I Formatted: Bullets and No o]
dlelochemicals, provides an avenue to identify the mechanisms of action that have |,/ i
developed due to jnteractions among the various organisms and plants over long periods of || . ! i f Deleted: ... ... [120]
time. ! ' K ,"‘y/,"‘ Deleted: , ]
!
v )/ 9,'/’ “/’;‘/,"‘[ Deleted: J
ACKNOWLEDGEMENTS ! Detetea J
L /"/‘/"r“ eleted: ,
. (oot J
- : - . x i1y [ 6.2 ... [121]
their technical and statistical assistance and to Dr. J. S. Yadav, Director, [ICTfor the /) ,‘/[ Deleted ]
facilities and encouragement. , L)
] ‘/{ Deleted: 1 J
Y I
!
REFERENCES | /| peteted (122
/
. iy ////{ Deleted: , J
L_Abrehim, D. Breguini. W, Kelmer-Bracht. AM. and Jshi-lwamoto, EL. (2000). Effects of fou) || /// (‘Delete: )
T o : - == - I :
monoterpenes on germination, primary root growth, and mitochondrial respiration of maize. )
Journal of Chemical Ecology 26: 611-624. / ///// [ Deleted: , }
2. Aebi, HU. (1983). Catalase In: Methods in Enzymatic,Analysis (Eds., HJ)J. Berg Meyer). Vol. 3: pp 276-286. | //////’ / )
Academic Press, New York. 1", ,{ Deleted: | ]
3. Alsoadawi, 1.S. Arif, MBy and Alrubesa, A.) (1985). Allelopathic effects of Citrus aurantium L. 1. / / { Deleted: ]
Isolation, characterization, and biological activities of phytotoxins. Journal of Chemical Ecology + /,” .
11:1527-1534, ) /{Deleted: 1 ]
4. Anaya AL. (1999). Allelopathy asatool in the management of biotic resources in agroecosystems. Critical ,” - .
Reviews in Plant Science 18: 697-739. /| Deleted: ............ [ [123]
aleroni, C Ferrarese, ML L., Braccini AL. i i . s {Deleted: ]
ferulic and p-coumaric acids on canola (Brassica napus L.) seed germination. Seed Science and :
Technology 28: 201-207. - { Deleted: | J

/{ Deleted: 21
/




X
f

Allelochemical stressinduced biochemical changesin Ricinus communisL.

/

Plantarum 116: 20-27.

ecoloqv In: Principles and Practlcesm Plant Ecoloqv Allelochemical Interactions (Eds. |nderjit,

L o

[ Formatted
I

(o qi2s])

’[Formatted [W
[Deleted Short title? ]
”[Deleted 1 ]

,/ [Formatted Bullets and NUF[W

H ,[Deleted l ]
[Deleted o} J

/’/’: {Deleted ]
,’/’ /[Deleted. J
/,// [Deleted J
[ Deleted: § )
{Deleted. [W
///[Deleted J
70 / {Deleted hester... [W
‘ // {Deleted 1 )
, // {Formatted Bullets and Nur[w

// /[ Deleted:

()

.. [131]

K.M.M. Dakshini and GL.. Foy). pp. 3-14. CRC Press, Boca Raton, Florida.
9. Djanaguiraman, M., Vaidyanathan, R., Sheeba, JA., Devi, D.D. and Bangarusamy, U. (2005). Pthoqulcak”

responses of Eucalyptus globulus leaf leachate on seedling physiology of rice, sorghum and

/ / {Deleted 1

P { Formatted: Bullets and Nu

.. [132]

ulul

blackgram. International Journal of Agriculture and Biology 7% 35-38. ViV // {Deleted' T
essential oil of DI per betle. Zeitschrift Fuer Pflanzenkrankheiten Und Pflanzenschutz 94; 235-241. | - { Deleted: ...(3) .~ [133]
11. Dubious NXK., Giller, KA., Hamiltion, K., Kelers, PA. and Smith, F. (1956). Colorimetric method for |
determination of sugars and related substances. Annals of Chemistry 28: 350-356. ‘[Deleted: il
3 Deleted: .. [134]
. In: ‘[Deleted T
Plant - Terpenoids (Eds. JB. Harbone and F,A. Tomes-Barberan). pp. 377-399. Claredon Press, )
Oxford, UK. {Formatted Bullets and Nu .. [135]
14. Galindo, JCG., Hernandez, A., Dayan, F.E., Tellez, MR., Macias, EA. Paul, RNyand Dukes, O. (1999). {Deleted
Dehydrozaluzaninc, a natural _sesquiterpenolide, causes rapid plasma membrane |eakage.
Phytochemistry 52: 805-813, {Deleted 1

““““““ ., Uller, H. and Reichel, F. _ Statistical invesfigation into the structural_\
complementarity of natural products and synthetic compounds Angewandte Chemie I nternational \‘ﬂ

{Formatted Bullets and Nu

.. [136]

\ \

Edition 38: 643-647. LN\ L Deteted: .. .. - [137]
17. Herrig, V., De Lourdes, M, Ferrarese, M,D.L., Suzuki, L,S., Rodrigues JD. and Ferrarese, O. (2002). Ly {Deleted: i

Peroxidase and phenylaanine ammonialyase activities, phenolic _acid contents, and \

allelochemical-inihibited root growth of soybean. Biological Research 35: 59-66. \\\ Deleted: .. [138]
18. Horner, JD. (1990). Non linear effects of water deficits on foliar tannin_concentration. Biochemistry {Deleted

Systematics and Ecology 18: 211-213. \
19. Hura, T., Dubert, F., Dabkowska, T., Stupnicka-Rodzynkiewicz, E., Stoklosa, Ayand Lepiarczyk A. (2006). Deleted:

Quentitative analysis of phenolics in selected crop species and biological activity of these | | ‘g

compounds evaluated by sensitivity of Echinochloa crus-galli. Acta Physiologiae Plantarum. 28 || {Deleted

(6): 537-545. A
20. Karban, Ryand Baldwin, |,T. (1997). Induced,Responses to Herbivory (interspecific, nteractions). University \
of Chicago Press, Chicago. \ \
21. Kar, M. and Mishra, D. (1976). Catalase, peroxidase, and polyphenoloxidase activities during rice leaf+ \

senescence. Plant Physiology 5 315-319. l ‘

321-325.

24. J ehman, M Eyand Blum, U. (1999). Evaluation of ferulic acid uptake as a measurement of allelochemical M‘g \\\\

dose: effective concentration. Journal of Chemical Ecology 25: 2585-2600. !

Chinese Journal of Applied Ecology 12: 871-875.

25. Lin, WX., He, HQ, and Guo, Y.C. (2001). Rice allelopathy and its physiobiochemical characteristics. \*\\ H\

,,,,,,,,,,,,,,,, |
AR\
26. J owry. OH., Rosebrough, N.J., Farr. Al and Randall, R,J. (1951) Protein measurement with the Folm\‘ L‘\ W,

N\

Deleted: London

\ \

\ Deleted: |

\ \ {Deleted T

\\ \
\‘ ! \[ Deleted:

LIt
| \t\{\\ (Deleted: 1
X

.. [139]

[Deleted'

(Deleted 1

Acta Oecol ogica 16:135-142.

28. Panda, S,and Kar, A. (1998). Betel leaf extract can be both antiperoxidative and peroxidative in nature. ||f! {11

29. Penuelas, J., Ribas-Carbo, M., Giles, L. (1996). Effects of alelochemicals on plant respiration and oxygen | "'w

isotope fractionation by the alternative oxidase. Journal of Chemical Ecology 22: 801-805. l [, !
30. Politycka, B. (1996). Peroxidase activity and lipid peroxidation in roots of cucumber seedlings influenced by \\ | “

derivatives of cinnamic and benzoic acids. Acta Physiologiae Plantarum 18: 365-370.

v
!

n ‘
| ”x
Il

mlh i

i
il

i

{it
Current Science Bangalore 74(4): 284-285. 1 EAX “

\
i
nl i “
il

: |\ [ Deleted:

.. [140]

[ »1‘1,«' ‘\ ( Deleted:

) \
(

ﬂ ayu,‘ Deleted: r...h..i...i

.. [141]

V
w ‘H‘ \[ Deleted: |

,u [Formatted Bullets and Nu

‘ww

.. [142]

il { Deleted: (2)

‘w‘\" Deleted: 1

o
‘lw

l
Y

Formatted: Bullets and Nu

.. [143]

Deleted: |

Deleted:

AR08 (NRRNR-ARRANRANE N



| 92 Usha Rani

31. Rice, E. L. 1984. Allelopathy, 2™ edn. Academic press, New York.

Comparatlve effects of allelochemlcal and water sre&s in roots of Lvooperscon escul entum M|II S

(Solanaceae). Plant Science 168: 1059-1066.
33. Souto, X,C., Gonzalez, L. and Reigosa, M. (1995). Allelopathy in forest environment in Galicia, NW

- {Deleted: 1

\‘ [ Deleted: ,

) ‘[ Deleted: |

Spain. Allelopathy Journal 2: 67-78.
34. Swain, TW, and Hillis, E. (1959) The phenolic constituents of Prunus domestica I

The quantitative \

,Lﬂjice \\

‘[Deleted 1

{ Deleted:

{ Deleted:

{ Deleted: |

\ {Deleted

{Deleted 1

cucumber ( Cucum s satlvus L.) and alel ocheml cals on photosynthesis and antioxidant enzymesin
cucumber, Biochemical Systematics and Ecology 31:129-139.

{Deleted

0 [Deleted.
\

: { Deleted: |

Deleted:

Deleted:

N

[Deleted: ,

Deleted:

—

[Deleted: 1

[Deleted:

\“\[ Deleted: p
\\\“

[Deleted: c

\[ Deleted: |

\( Deleted: ,

( Deleted: |

‘\“\[ Deleted:

[ Deleted:
[Deleted:

o 0 A 0 0 A 0 0 0 0 U 0 0 0 L

Deleted: 1

Page Break

I | Table 1. Qualitative analysis (TLC) of
1| phenol extracts from the castor leaves
|''| treated with P. betle extract and eugenol
''| (24 hrs after the exposure to these two

|'| alelochemical factors). 1

!

“.\ ... [146]
vl[ Deleted: |

[Deleted: 1 ... [147] ]
/{ Deleted: 21 ]




Page 79: [1] Deleted win 6/29/2008 1:56:00 PM
XX

Page 79: [1] Deleted win 6/29/2008 1:57:00 PM
XX

Page 79: [2] Formatted win 6/29/2008 1:57:00 PM
Formatted

Page 79: [3] Deleted win 6/18/2008 2:33:00 AM

Allelopathy Journal

Page 79: [4] Deleted win 6/18/2008 2:33:00 AM

Page 79: [5] Deleted win 6/18/2008 2:35:00 AM

Page 79: [5] Deleted win 6/18/2008 2:35:00 AM
(AP),

Page 79: [6] Deleted win 6/18/2008 2:33:00 AM

Page 79: [7] Deleted Saleem 6/23/2008 9:29:00 PM

Tel  -91-40-2713148,
Fax no. -91-40-27160757,
91-40-27160387.

Page 79: [8] Deleted Saleem 6/23/2008 9:29:00 PM
m
Page 79: [8] Deleted Saleem 6/23/2008 9:29:00 PM
Page 79: [9] Deleted win 6/18/2008 2:34:00 AM
Page 79: [10] Formatted win 6/29/2008 4:31:00 PM
Font: 12 pt

Page 79: [11] Deleted win 6/18/2008 2:34:00 AM



* For correspondence

Allelopathy Journal

Page Break

Allelochemical stressinduced biochemical changesin the leaves and plant growth

regulation in Ricinus communisL.

PATHIPATI USHA RANI

Biology and Biotechnology Division, Indian Institute of Chemica Technology
Tarnaka, Hyderabad-500 007. Andhra Pradesh India.

Page 79: [12] Formatted win 6/29/2008 4:31:00 PM
Font: 12 pt

Page 79: [12] Formatted win 6/29/2008 4:31:00 PM
Font: 12 pt

Page 79: [12] Formatted win 6/29/2008 4:31:00 PM
Font: 12 pt

Page 79: [13] Formatted win 6/29/2008 4:31:00 PM
Centered

Page 79: [14] Deleted Civil Surgeon Rohtak 6/19/2008 3:47:00 AM

The application of certain alelochemicals on to the leaf surface and the stress caused thereby
inducing quantitative changes in leaf biochemical profiles as well as the reactive oxidative enzymes, in

castor bean plant Ricinus communis (L.) has been studied. T

Page 79: [14] Deleted Civil Surgeon Rohtak 6/19/2008 3:47:00 AM
alelochemical

Page 79: [15] Deleted Civil Surgeon Rohtak 6/19/2008 3:48:00 AM
treatment

Page 79: [15] Deleted Civil Surgeon Rohtak 6/19/2008 3:48:00 AM
the

Page 79: [16] Deleted win 6/20/2008 11:51:00 PM
dterationsin castor plants, such as

Page 79: [16] Deleted win 6/20/2008 11:51:00 PM
changes

Page 79: [16] Deleted win 6/20/2008 11:52:00 PM
castor plants

Page 79: [17] Deleted Civil Surgeon Rohtak 6/19/2008 3:49:00 AM

in the laboratory experiments and compared to that of normal,

Page 79:

[18] Deleted
To induce the stress,

Civil Surgeon Rohtak

6/19/2008 3:50:00 AM

Page 79:

[18] Deleted
t

Civil Surgeon Rohtak

6/19/2008 3:50:00 AM

Page 79:

[18] Deleted Civil Surgeon Rohtak

6/19/2008 3:50:00 AM



were

Page 79: [18] Deleted

Civil Surgeon Rohtak

6/19/2008 3:50:00 AM

the

Page 79: [19] Deleted win 6/20/2008 11:53:00 PM
in

Page 79: [19] Deleted win 6/20/2008 11:53:00 PM

parameters

Page 79: [20] Deleted

Civil Surgeon Rohtak

for both the treatments. However,

6/19/2008 3:50:00 AM

Page 79: [21] Deleted

Civil Surgeon Rohtak

6/19/2008 3:50:00 AM

Page 79: [21] Deleted

Civil Surgeon Rohtak

6/19/2008 3:50:00 AM

the

Page 79: [21] Deleted Civil Surgeon Rohtak 6/19/2008 3:51:00 AM
rates were decreased

Page 79: [22] Deleted win 6/20/2008 11:54:00 PM
The

Page 79: [22] Deleted win 6/20/2008 11:54:00 PM
in

Page 79: [23] Deleted win 6/20/2008 11:55:00 PM

due to the allelochemical application

Page 79: [24] Deleted

Civil Surgeon Rohtak

6/19/2008 3:52:00 AM

treatments. The efficacy of both the allelochemical factors on castor seed germination and the

seedling growth was also studied.

Page 79: [24] Deleted

different doses of

Civil Surgeon Rohtak

6/19/2008 3:52:00 AM

Page 79: [24] Deleted
had

Civil Surgeon Rohtak

6/19/2008 3:52:00 AM

Page 79: [24] Deleted
n

Civil Surgeon Rohtak

6/19/2008 3:52:00 AM

Page 79: [24] Deleted
the

Civil Surgeon Rohtak

6/19/2008 3:52:00 AM

Page 79: [24] Deleted
ismore evident

Civil Surgeon Rohtak

6/19/2008 3:53:00 AM

Page 79: [24] Deleted

Civil Surgeon Rohtak

6/19/2008 3:53:00 AM

Page 79: [24] Deleted

compared to root growth.

Civil Surgeon Rohtak

6/19/2008 3:53:00 AM

Page 79: [25] Deleted Mama 6/17/2008 8:14:00 PM
S

Page 79: [25] Deleted Mama 6/17/2008 7:38:00 PM
Plant

Page 79: [25] Deleted Mama 6/17/2008 8:18:00 PM

defence

Page 79: [26] Deleted
can have an

Civil Surgeon Rohtak

6/19/2008 3:53:00 AM

Page 79: [26] Deleted
effect on

Civil Surgeon Rohtak

6/19/2008 3:54:00 AM

Page 79: [27] Deleted

Civil Surgeon Rohtak

6/19/2008 3:54:00 AM



w

Page 79: [27] Deleted

Civil Surgeon Rohtak

6/19/2008 3:54:00 AM

Page 79: [27] Deleted

also has the advantage

Civil Surgeon Rohtak

6/19/2008 3:54:00 AM

Page 79: [27] Deleted

has aready been established,

Civil Surgeon Rohtak

6/19/2008 3:55:00 AM

Page 79: [28] Deleted

win

and they usually have unique carbon skeletal backbone

6/20/2008 11:55:00 PM

Page 79: [29] Deleted

herbicides and these are normally ignored due to insufficient data.

win

6/20/2008 11:55:00 PM

Page 79: [30] Deleted
P

Civil Surgeon Rohtak

6/19/2008 3:55:00 AM

Page 79: [30] Deleted
t

Civil Surgeon Rohtak

6/19/2008 3:55:00 AM

Page 79: [30] Deleted
generaly

Civil Surgeon Rohtak

6/19/2008 3:55:00 AM

Page 79: [30] Deleted
M

Civil Surgeon Rohtak

6/19/2008 3:57:00 AM

Page 79: [30] Deleted

rid themselves of

Civil Surgeon Rohtak

6/19/2008 3:57:00 AM

Page 79: [30] Deleted

once they have entered the plant

Civil Surgeon Rohtak

6/19/2008 3:57:00 AM

Page 79: [30] Deleted

Civil Surgeon Rohtak

6/19/2008 3:58:00 AM

In order t

Page 79: [31] Deleted Civil Surgeon Rohtak 6/19/2008 3:58:00 AM
aswell as

Page 79: [31] Deleted Civil Surgeon Rohtak 6/19/2008 3:58:00 AM
the

Page 79: [31] Deleted Civil Surgeon Rohtak 6/19/2008 3:58:00 AM
a

Page 80: [32] Deleted Usha 6/17/2008 11:15:00 AM
18

Page 80: [32] Deleted Usha 6/17/2008 11:16:00 AM
34

Page 80: [33] Deleted win 6/20/2008 11:56:00 PM

Page 80: [33] Deleted win 6/20/2008 11:58:00 PM
a

Page 80: [34] Deleted Usha 6/17/2008 11:16:00 AM
5

Page 80: [34] Deleted Usha 6/17/2008 11:16:00 AM
1

Page 80: [34] Deleted Usha 6/17/2008 11:17:00 AM



1

Page 80: [34] Deleted Usha 6/17/2008 11:17:00 AM
6
Page 80: [34] Deleted Usha 6/17/2008 11:17:00 AM
5
Page 80: [34] Deleted Usha 6/17/2008 11:34:00 AM
5
Page 80: [34] Deleted Usha 6/17/2008 11:34:00 AM
18
Page 80: [34] Deleted Usha 6/17/2008 11:35:00 AM
5
Page 80: [35] Deleted Civil Surgeon Rohtak 6/19/2008 3:59:00 AM
Theaim of t

Page 80: [35] Deleted
is

Civil Surgeon Rohtak

6/19/2008 3:59:00 AM

Page 80: [35] Deleted

Civil Surgeon Rohtak

6/19/2008 3:59:00 AM

Page 80: [36] Deleted win 6/20/2008 11:59:00 PM
R. communis (

Page 80: [36] Deleted win 6/20/2008 11:59:00 PM
)

Page 80: [37] Deleted Mama 6/17/2008 7:36:00 PM
botani

Page 80: [37] Deleted Mama 6/17/2008 7:36:00 PM

cas

Page 80: [38] Deleted

Civil Surgeon Rohtak

6/19/2008 4:03:00 AM

S

Page 80: [38] Deleted Civil Surgeon Rohtak 6/19/2008 4:03:00 AM
S

Page 80: [38] Deleted Civil Surgeon Rohtak 6/19/2008 4:03:00 AM
e

Page 80: [38] Deleted Civil Surgeon Rohtak 6/19/2008 4:03:00 AM
present

Page 80: [39] Deleted win 6/20/2008 11:59:00 PM
, (R. communis)

win 6/20/2008 11:59:00 PM

Page 80: [39] Deleted
is

Page 80: [40] Deleted
changes of

Civil Surgeon Rohtak

6/19/2008 4:04:00 AM

Page 80: [40] Deleted

Civil Surgeon Rohtak

6/19/2008 4:04:00 AM

Page 79: [41] Formatted win 6/29/2008 4:41:00 PM
Font: 9 pt
Page 79: [42] Formatted win 6/29/2008 4:41:00 PM

Centered, Space Before: 0 pt



Page 81: [43] Deleted Civil Surgeon Rohtak 6/19/2008 4:04:00 AM
Allelochemicals

Page 81: [43] Deleted Civil Surgeon Rohtak 6/19/2008 4:04:00 AM
1)
Page 81: [44] Deleted 6/16/2008 1:39:00 PM
betel (
Page 81: [44] Deleted 6/16/2008 1:39:00 PM
)
Page 81: [45] Deleted Civil Surgeon Rohtak 6/19/2008 4:05:00 AM
in
Page 81: [45] Deleted Civil Surgeon Rohtak 6/19/2008 4:05:00 AM
in Hyderabad
Page 81: [46] Deleted 6/16/2008 1:39:00 PM
soxhelet (
Page 81: [46] Deleted 6/16/2008 1:40:00 PM
)
Page 81: [47] Deleted 6/16/2008 1:40:00 PM

In our previous studies we observed that both P. betel (betle) extract as well as eugenol treatments has
some _impact on castor plants and showed visible detrimental effects. (Transfer this sentence to
I ntroduction, please)
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Sample preparation

Both tThe alelochemicals samples, P. betle leaf extract and the oil of eugenol (and what about
eugenol? It is not clear) were dissolved in acetone (w/v) to prepare the dilution 20%, 40% and 60%
dilution. The samples were stored in the refrigerator at 4°C until the use in experiments.

Treatments and measur ements
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Extraction and determination of (iv). cCatalase (CAT) activity:

Catalase activity was determined from the leaf extract prepared according to the method of Aebi (2). All
steps of the extraction were carried out at 4°C. Leaves (1 g FW) were homogenized in a cold mortar in 10
ml of 0.1 M potassium phosphate buffer (pH 7.8) containing 2 mM o-dithiothreitol, 0.1 mM EDTA, 1.25
mM PEG 4000, and 0.2 g polyvinylpyrrolidone and mixed for 15 min. The homogenate was centrifuged at
11,000 x g for 15 min, the supernatant was collected, and immediately used for determination of enzyme
activities. CAT activity was assayed by measuring the rate of disappearance of H,O, (extinction coefficient
of 39.4mM™ cm™) at 240 nm.



Extraction and determination of (v). sSuperoxide dismutase (SOD) activity:
The activity of SOD was measured according to the method described by Krishnan et al. (230). This
method tests the ability of SOD to inhibit the reduction of nitro blue tetrazolium by the
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was carried out in both treated and healthy (control) castor leaves. (Does it means that other enzymes was

not?)
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The allelochemical effect on seed germination and seedling growth of Ricinus communis plants
were assessed examined in the laboratory.
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records were given in (Figure 4). Seed germination is the important stage component (stage) in plant
development.
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The phytotoxic and insecticidal activity of P. betle extract and eugenol (108) and the antioxidant
activities of the P. betle extract are well reported (287).
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Table 1. Qualitative analysis (TLC)(Rs values) of phenol extracts from the castor leaves
treated with P. betle extract and eugenol the two-allelo chemicals (24 hrs after the
exposure to these two alelochemical factors P. betel and eugenal).

Retention factor (Ry) values values visible Visible
uv
Control Piper Treatment  treatment  Eugenol treatment (lodine)

0.29 0.29 0.29 - P
0.66 0.66 0.66 Y
0.73 Y
0.85 0.85 0.85 Y

Colour reaction of phenol after treatment Y - yellow, P - pink,.

OH

OCH;

OH
AAB - chemical structure of eugenol
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Figure. 12. Effect of Piper betle extract and eugenol on protein, phenols and
carbohydrate content of R. communis. In each treatment, Bbars indicatinged by **’ are
significant differences (ANOVA, P<0.05, Tukey's HSD multiple comparison test,
P<0.05,), (N = one leaf/plant/replicate, 30 replicates per treatment). Lines on the bars

indicating SE (standard error).
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Figure2. TLC profile of the phenol extracts from the castor leaves surface
treated with two allelochemicals (24 hrs after exposure to P. betelle and
eugenal).
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Figure. 3. Effect of allelochemical stress, along with control at different concentrations
on oxidative (redox) enzymes — (A) peroxidase (POX),superoxide dismutase (SOD), (B)
superoxide dismutase (SOD) peroxidase (POX) and (C) catalase (CAT) in leaves of R.
communis. In each treatments stars at the top of the Bbars indicating showdifferent
|etters are significant differences (ANOVA, P<0.05, Tukey'sHSD multiple comparison
test, P<0.05), (N —= one leaf/plant/replicate, 30 replicates per treatment). Lines on the
barsindicating SE (standard error).
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Figure. 4 Effect of P. betle leaf extract and eugenol on seed germination and seedling
growth of castor seeds. (A) Germination tests; significant differences (P< 0.001) are
indicated by ‘*’ (paired t-test). (B and C) Seedling growth; barsindicating ‘*’ different
letters are significant differences (ANOVA, P< 0.001, Tukey*s multiple comparison test),
(20 seedg/replicate, 3 replicates per treatment, N —= 60). Lines on the bars indicating SE
(standard error). PBL — Piper betle leaf extract.
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Page Break
Table 1. Qualitative analysis (TLC) of phenol extracts from the castor |leaves treated with P. betle extract and eugenol
(24 hrs after the exposure to these two allelochemical factors).

Retention factor (R;) values Visible uv
Control Piper treetment  Eugenol treatment (lodine)

0.29 0.29 0.29 - P
0.66 0.66 0.66 Y
0.73
Y
0.85 0.85 0.85 Y

Colour reaction of phenol after treatment Y - yellow, P - pink.

Page Break

=
o
°
El
c
8
o
[on
20 40 60
Test concentrations (in %)
160
B * * @ Control
140 -
m Eugenol
=120 |
@ PBL

Phenol (ug/g) F
[}
o

20 40 60
Test concentrations (in %)



Carbohydrates (pg/g) FW

20 40 60
Test concentrations (in %)

Figure 1. Effects of Piper betle extract and eugenol on protein, phenols and carbohydrate content of R. communis. In
each treatment, bars indicated by ‘*’ are significant differences (Tukey‘'s HSD test, P<0.05,), (N = one
leaf/plant/replicate, 30 replicates per treatment). Lines on the bars indicating SE (standard error).
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Figure2. TLC profile of the phenol extracts from the castor leaves surface treated with two allelochemicals (24 hrs
after exposure to P. betleand eugenol).
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Figure. 3. Effects of allelochemical stress, along with control at different concentrations on redox enzymes — (A)
peroxidase (POX), (B) superoxide dismutase (SOD) and (C) catalase (CAT) in leaves of R. communis. In
each treatments stars at the top of the bars show significant differences (Tukey‘s HSD test, P<0.05), (N —
one leaf/plant/replicate, 30 replicates per treatment). Lines on the bars indicating SE (standard error).
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Figure. 4 Effects of P. betle leaf extract and eugenol on seed germination and seedling growth of castor seeds. (A)
Germination tests; significant differences (P< 0.001) areindicated by ‘*’ (paired t-test). (B and C) Seedling
growth; bars indicating ‘*’are significant differences (ANOVA, P< 0.001, Tukey's test), (20
seedd/replicate, 3 replicates per treatment, N — 60). Lines on the bars indicating SE (standard error). PBL —
Piper betle leaf extract
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