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ABSTRACT

The present study aimed to investigate whether
nitric oxide (NO) is involved in the ABA-induced
adventitious root formation (ARF) in derooted Vi-
gna radiata seedlings due to its nature as a second
messenger in stress responses. 7-day-old
derooted mung bean seedlings were treated with
the plant growth regulator ABA, NO donor sodium
nitroprusside {SNP), and ABA in combination with
the specific NO scavenger 2-(4-carboxyphenyl)-
4,4,5 5-tetramethylimidazoline-1-oxyl-3-oxide '(car-
boxy-PTIO) or the nitric oxide synthase (NOS) in-
hibitor N".nitro-l-arginine (L-NNA), Results showed
that application of ABA and SNP significantly
stimulated ARF in a concentration dependent
manner. However, the NO specific scavenger car-
boxy-PTIO and the NOS-inhibitor L-NNA sup-
pressed the stimulatory effect of ABA on ARF In
derooled V. radiala seediings, indicating that en-
dogenous NO plays a vital role in the ABA induced
ARF; and it can be implied that the generation of

NO catalyzed by NOS-like enzyme. in addition,

data showed that ABA-treated cuttings had higher
levels of NO, hydrogen peroxide {H;0,}, and lower
levels of superoxide anion (027} than those of un-
treated ones. Further, ABA-treated cutting also
contained higher activities of the antioxidant en-
zZymes, i.e. [superoxide dismutase (SOD), catalase
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{CAT), guaiacol peroxidase (GPX), and ascorbate
peroxidase (APX)], than those of the control treat-
ment; however, carboxy-PTIO + ABA-treated cut-
tings had lower activities of such enzymatic activi-
ties at 120 h of ABA treatment. These results sug-
gest that NO is involved in the ABA-induced stimu-
lation of mung bean ARF most probably mediated
via creating optimal levels of 07", and H:0: and
enhancement of antioxidant enzymatic activities. it
may be concluded that endogenous NO plays a
vital role in ABA-induced de novo root formation in
derooted V. radiata seedlings.

ABBREVIATIONS

ABA, abscisic acid; ARF, adventitious root for-
mation;  carboxy-PTIQ,  2-(4-Carboxyphenyl)-
4.4 5 §-tetramethylimidazoline- 1-oxyl-3-oxide; CAT,
catalase; M0z hydrogen peroxide; L-NNA, N¥.
nitro-l-arginine; NO, nitric oxide; NOS, nitric oxide
synthase; GPX, guaiacol peroxidase; ROS, reac-
tive oxygen species; SNP, sodium nitroprusside;
50D, superoxide dismutase

INTRODUCTION

Adventitious root formation (ARF} process con-
sists of three successive but interdependent
physiological phases with different requirements,
namely: induction, initiation and expression. The
induction phase is comprised of molecular and
bicchemical events withoutl visible changes. The
initistion phase is characterized by cell divisions
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and the organization of root primordia. Expression
phases (intra-stem growth of root primordia and
root emergence) have specific requirements
(Fabijan et a/ 1981).The plant growth regulator
abscisic acid (ABA} participates in the control of
diverse physiological processes incfuding adventi-
tious root formation (ARF) (Hartmann et a/ 1997).
ABA promotes ARF in many plant species (Davis
and Sankhla, 1989). ABA mediates various impor-
tant plant developmental and physiological proc-
esses and responses to stress conditions (Leung
and Giraudat, 1998). A common feature of a biotic
stresses, including wounding, is an imbalance be-
tween pro- and anfioxidant reactions in the cell,
which appears as oxidative stress (Orozco-
Céardenas and Ryan, 1999; Halliwell, 2008),
which causes rapid changes of different defense
genes expression locally and systemically {Leén
et al 2001). An increasing body of evidence indi-
cates that one mode of ABA action is related to
antioxidant defense system. It is documented that
ABA can cause an increase generation of reactive
oxygen species (ROS) such as Oy and H:0:
{Apel and Hirt, 2004; Kwak et a/ 2006). It can
also induce the expression of antioxidant genes
encoding superoxide dismutase (S0D), catalase
(CAT), guaiacol peroxidase (GPX), and ascorbate
peroxidase (APX) and enhance the activities of
these antioxidant enzymes in plant tissues (Bueno
et al 1998; Jiang and Zhang, 2003). Such anti-
oxidant enzymes play a crucial role in the scaveng-
ing of ROS during plant metabolism (Camp ef al
1997). Higher antioxidant enzymatic acfivities trig-
ger cell division and organogenesis (Tian et al
2003). ROS is an important intermediate compo-
nent in ABA induced antioxidant defense system
against oxidative stress (Courtols et af 2008).

In addition to ABA, nitric oxide (NO} is also an

important inter-and intracellular signaling molecule .

involved in many plant physiological processes
{Lamattina of af 2003; Lamotte of al 2005). It is a
reactive nitrogen species, and its concentration-
depending effects on different cell types were
shown to be either protective or toxic. NO is In-
volved in regulating growth and developmental
processes, such as seed germination, de-
etiolation, cell senescence and programmed cell
death (Beligni and Lamattina, 2000; Neill et a/
2003). Moreover, NO was found to mediate piant
responses to abiotic stresses (Laspina ef af 2005,
Zhao et al 2008). In animal celis, most of the NO is
synthesized by nitric oxide synthase (NOS). Re-
cently, NOS was aiso detected in plants (Guo et al
2003; Chaki et af 2009). Research with different

plant explants suggested that NO is an intermedi-
ate component of the plant hormone IAA signaling
network that controls rooting process (Pagnussat
et al 2002, 2003, 2004, Lanteri et al 2008). The
latter authors recognized that NO and IAA shared
common steps in the signal transduction pathways
fowards auxin-induced lateral or ARF. To date,
there are no reports describing whether NO is in-
volved in ABA-induced stimulation of ARF.

In this invesfigation, dercoled mung bean
(Vigna radiata {L.) Wilczek) seedlings were used
to study the interaction effects of ABA, the NO
donor sodium nitroprusside (SNP), the NO
specific ' scavenger 2-(4-carboxyphenyl)-4.4.5,5-
tetramethylimidazoline-1-oxyl-3-oxide  (carboxy-
PTIO), or the nitric oxide synthase (NOS) inhibitor
N“-nitro-Larginine (L-NAA) on adventitious rooting
process. Any possible relationship between ROS
metabolism and ABA-induced activities of antioxi-
dant enzymes after ABA alone or in combination
with NO scavenger carboxy-PTIO was also exam-
ined.

MATERIALS AND METHODS
1. Plant material and treatments

Seeds of mung bean were germinated as pre-
viously described (Tartoura et al 2004). After ger-
mination, the seedlings were incubated in a growth
chamber at 25 £ 2°C under confinuous white fluo-
rescent illumination (20 W m? PAR), and 80% of
relative humidity. Five uniform cuttings from 7-day-
old seedlings, consisting of terminal bud, one pair
of primary leaves, epicotyl and 5 c¢m of hypocotyls,
were placed in 10 mil dark glass vials containing a
5 cm solution depth of distilled water (control} or
test solutions for 48 h, including ABA and NO indi-
vidually at 25, 55, 100, and 200 pM; 100 uM ABA
plus either 150 M carboxy-PTIO or 300 pM L-
NAA. Then the cuttings were replaced in distilled
water for a further 6 days under the same envi-
ronmental conditions. The number of adventifious
root was quanfified after 8 days of treatments.
Data are the mean values of three independent
experiments, each with two replicates of 25 cut-
tings. At 120 h after ABA and/ or ABA plus car-
boxy-PTIO application, the concentrations of NO,
02" , Hz0z, and activities of the antioxidant en-
zymes SOD, CAT, GPX, and APX were deter-
mined in the basal end of the hypocotyls (10-mm)
during the progress of adventitious rooting proc-
ess.
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2. Biochemical parameters determinations

2.1. Quantification of endogenous NO

Nitric oxide was indireclly determined as nitrite
using the method described by Zhou et al (2005).
Briefly, 500 mg sample tissues of 10-mm length
from the basal end of hypocotyls were quickly fro-

zen and homogenized in a pre-chilled mortar with.

4.0 m! of 50 mM cold acetate buffer pH 3.6, con-
taining 4% (w/v) zinc diacetate. The homogenates
were centrifuged at 10,000g for 15 min at 4°C. The
supernatant was collected and the pellet was
washed by 1.0 ml of extraction buffer and centri-
fuged as before. The two supernatants were com-
bined and 0.1 g of activated charcoal was added.
After vortex and filtration, the filtrate was leached,
coflected and immediately assayed for NO. Equal
amounts of the filtrate and Greiss reagents [1%
sulfanilamide and 0.1% naphthylethylenediamine
dihydrochloride in 5% (whs) HaPO.)] were incubated
at room temperature for 30 min. Absorbance of the
reaction mixture was read at 540 nm and concen-
{ration of NO determined from a calibration curve
prepared using sodium nitrite as standard.

2.2, Determination of H;0: and 0" produc-
tion

Samples tissues (200 mg FW)}) were homoge-
nized with 5 ml of ice-cold 5% (w#/v) trichloroacetic
acid. The extracled solution (800 pl) was reacted
by adding 100 pt of 15% (wiv) titanium sulphate
(TiS04) in 23% (viv) H2S04. The reaction mixture
was then centrifuged at 10,0009 for 10 min and
absorbance of the orange-yellow color solution
measured at 408 nm against hydrogen peroxide as
standard (Nag et af 2000).

Superoxide radical production rate was deter-
mined by the modified method according fo
Elstner and Heupel {1976). Sample tissues of 10-
mm length from the basal end of hypocetyls (1.0g)
were homogenized in 3 ml of 50 mM potassium
phosphate buffer (pH7.8) and centrifuged
at12,000g for 20 min. The incubation mixture con-
tained 1mi of supematant, 1 ml of 50 mM potas-
sium phosphate buffer (pH7.8) and 1 ml of 1mM
hydroxylammonium chloride and the mixture was
incubated in 25 °C for 20 min. The mixture was
subsequently incubated with 2 ml of17 mM sul-
phanilic acid and 2 m! of 7 mM a-naphthyl amine
at 25 °C for 20 min. The final solution was mixed
with an equal volume of ethylether, and the ab-
sorbance of the pink phase was read at 530 nm.
The production rate of superoxide radical was cal-

culated based on a linear standard curve of
NaNQ,.

2.3. Determination of antioxidant enzymatic

activities

Samples tissues (0.5 g) of 10-mm length from
the basal end of the hypocotyls were ground In a
mortar and pestle in 5 mi of 50 mM cold phosphate
buffer (pH 7.8), containing 2% (wN) polyvinyl-
polypyrrolidone (PVP). The homogenates were
centrifuged at 10,000g for 20 min at 4°C. The re-
sulting supematant was used for assay of enzy-
matic activities.

Total superoxide dismutase {SOD, EC 1.15.1.1)
activity was assayed by the photochemical method
described by Rao and Sresty (2000). The 3 ml
reaction mixture contained 50 mM phosphate
buffer (pH 7.8), 13 mM methionine, 76 mM ni-
troblue tetrazolium, 2 mM riboflavin, 10 mM EDTA
and 0.1 ml enzyme extract. One unit of the enzyme
activity was defined as the amount of enzyme re-
quired to result in a 50% inhibition of the rate of
nitroblue tetrazolium (NBET) reduction measured at
560 nm. SOD activity was expressed as U mg”
protein. Catalase {CAT, EC 1.11.1.6) activity was
measured according to the method of Cakmak
and Marschner (1992) by determination the dis-
appearance of H;0; by measuring the decrease in
an absorbance at 240 nm of a reaction mixture
cotaining 25 mM phosphate buffer (pH 7.0), 10
mM H:0; and 0.1 ml enzyme extract, Guaiacol
peroxidase (GPX, EC 1.11.1.7) activity was esti-
mated after Hammerschmidt et af (1982) method.
Activity was measured by the increase in absorb-
ance at 470 nm due to guaiacol oxidation. The
reaction mixture contained 25 mM phosphate
buffer {pH 7.0}, 0.05% gualacol, 1.0 mM H;O; and
0.1 ml enzyme extract. Activity of ascorbate per-
oxidase (APX, 1.11.1.11) was measured according
to Nakano and Asada (1981) by monitoring the
rate of ascorbate oxidation at 290 nm. The assay
mixture contained 0.25 mM ascorbate, 1.0 mM
H202, 0.1 mM EDTA, and 0.1 m| enzyme extract in
25 mM phosphate buffer (pH 7.0). Protein content
was estimated according to Bradford (1976) using
bovine serum albumin as a standard.

3. Statistical analysis

The data were subjected to statistical analysis
using COSTAT computer software (CoHort Com-
puter Software, Berkeley, CA, USA). Least signifi-
cant differences (LSD) test was appiied to compare
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the treatment means. Graphical presentation of
data was carried out using MICROSOFT EXCEL
program (Microsoft Corporation, Los Angeles, CA,
USA).

RSULTS AND DISCUSSION

Effects of ABA and SNP on adventitious root-
ing

Figure {1A) shows that the number of adventi-
fious roots increased significantly in response to
ABA treatments in a dose-dependent manner, with
the maximum effect being at 100 pM. ABA pro-
motes ARF in various plant species, including
mung bean cuttings. It is considered to be a root-
ing cofactor (Hartmann et al 1997). According to
Davis and Sankhala (1989), Grafi et al (1994),
and Tartoura (2001), ABA stimulated ARF via
regulating the levels of both endogenous free and
conjugated IAA and gibberelling

‘in favor of .

inducing a largé number of adventitious roots. In
addition Zaghlool and Shehata (2002) reported
that basipetal polar {ransport of auxin (IAA)
through hypocotyls of derooted cucumber seed-
lings affected ARF. Monitoring and optimization of
IAA transport by exogenous application of ABA
could be achieved the maximum ARF. Therefore,
the role of ABA in adventitious rooting could be
mediated by regulation of IAA level.

The NO donor sodium nitroprusside (SNP)
treatments also increased adventitious root num-
ber in a concentration dependent pattern, with the
maximum biological effect attained at 100 pM, as
shown in Fig. (1B). NO has recently emerged as a
multifunctional bioactive molecule in plant signal
transduction pathways participating in a broad
spectrum of physiclogical and deveiopmental
processes, including root organogenesis, via direct
or indirect processes or through cross taftking with
the classical plant hormones (Lamattina et a/
2003; Pagnussat ef al 2003; Huang et al 2007;
Tewari ef al 2008),

Number of
roots cutting-1

50 UM

100 UM 200 pM
ABA concentration (M)

H20  25uM

Number of
roots cutting-1
»
(-]

“rﬁllll

25puM  S0puM 100 M 200 UM
SNP concentration (M}

Figure 1. Effect of different concentrations of ABA {A), and SNP (B) on the number of adventitious roots of
derooted mung bean seedlings. Vertical bars represent £ SD. Means with different letters are sig-

nificantly different at 0.05 P level.

Interaction effects of ABA, NO scavenger, and
NOS inhibitor on adventitious roots

To confirm whether NO is involved in ABA sig-
nal transduction pathway leading to ARF, mung
bean cuttings were treated with either 150 pM of
the specific NO scavenger carboxy-PTIO or 300
pM of NOS-like enzyme {NOS) inhibitor L-NNA in
combination with 100 pM ABA. Figure (2) shows
that carboxy-PTIO and L-NAA suppressed the
stimulatory effect of ABA on ARF, indicating the
vital role of NO in adventitious rooting since car-
boxy-PTIO and L-NAA individually blocked the
action of ABA. In addition, the inhibitory effect of L-

NAA on ABA-induced ARF suggests that the gen-
eration of NO catalyzed by a NOS-like enzyme. In
this respect, it is well known that two major enzy-
matic NO-generation pathways were proposed in
plants, nitric oxide synthase (Guo et af 2003) and
nitrate reductase (NR) (Desikan ef af 2002; Gar-
cia-Mata and Lamaftina, 2003). Because of the
NR activity and NO production after ABA treatment
in the presence of a NR inhibitor were not meas-
ured, the present data cannot rule out the possible
involvement of NR in ABA-induced NO formation in
V. radiata cutlings. Research with different plant
explants suggested that NO is an intermediate
component of the plant hormone |AA signaling

Annals Agric, Sci., 55(2), 2010
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network that controls rooting process (Pagnussat
et al 2002; Lanteri et al 2008). The latter authors
recognized that NO and IAA shared common steps
in the signal fransduction pathways toward auxin-
induced lateral or ARF. In agreement with the pre-
sent results, Pagnussat ef al (2002), Correa-
Aragunde et al (2004) and Huang et al {2007)
found that application of NO generating agents
slimulated adventitious rooling of several plant
specles. They also reported that NO-scavengers
and inhibitors reduced the stimulatory effect of NO
in inducing root initiation suggesting that NO is
required for adventitious rooting. Recently, Correa-
Aragunde et al (2007) reported that NO is an in-
termediate signal in auxin and ABA signal trans-
duction pathways. The data presented here sug-
gested that ABA signal transduction pathway lead-
ing to stimulation of mung bean adventitious root-
ing required the involvement of NO.

[ ¢ 20

i

10

:
i,

8 3 2 g
Pod e 3l

Treatmants

Figure 2. Inhibitory effect of carboxy-PTIO and L-
NNA on the stimulatory effect of ABA on
adventitious roots of mung bean cut-
tings. Vertical bars represent + SD.
Means with different letters are signifi-
cantly different at 0.05 P level.

Interaction effects of ABA and NO scavenger
on NO and ROS metabolism

This experimental system was used to investi-
gale the possible correlation between the levels of
NO, H202, and O>" as well as theactivities of anti-
oxidant enzymes, i.e. SOD, CAT, GPX and APX,
and adventitious root formation in response fo ABA
alone or in combination with carboxy-PTIO 120 h
after treatment. Table {1) shows that endogenous
levels of NO, and Hx02 in ABA-treated cuttings
were significantly higher than that present in the
control cuttings. The opposite trends were re-
corded after application of carboxy-PTIO + ABA.
The level of Oz in the latter treatment was about
twofold as much as that in the ABA treatment, Low
root regeneration capacity was found when en-
dogenous NO was removed by carboxy-PTIO,

which confirms the role of NO in ARF in derooted
V. radiata seedlings Fig. (1B) and Table (f).
These results indicated that high H,O; level, and
low O, level associated with good root regenera-
fion capacity in ABA-treated cuitings, while the
reverse was frue in relation to carboxy-PTIO+
ABA-treated ones, as shown in Fig. (2) and Table
(1)

Hydrogen peroxide is widely generated in many
blological systems. LI et al {2007) suggested that
H:0, may function as a signaling molecule in-
volved In the formation and development of adven-
titious roots in cucumber. In fact, plant cells contain
several sources of H,0», such as cell wall-bound
peroxidases and NADPH oxidase in the plasma
membrane, which generate H;0; in the apoplast.
Moreover, mitochondrial regpiration, photosynthetic
electron transport in chloroplasts and photorespira-
tory pathway are powerful suppliers of H20; (Apel
and Hirt, 2004; Slesak et al 2007). Resuits ob-
iained suggest that a certain level of H,0; may
function as a signal molecule in the formation of
adventitious roots.

in addition to Hy03, O;" is also recognized as
another signaling molecule, regenerated from a
one-electron reduction of Oz by enzyme catalysis
or by ‘electron leak’ from various electron transfer
reactions (Thannickal and Fanburg, 2000). H;0,
and O;" can induce different gene expression, in
combination or separately, thereby giving more
flexibility to the ROS signaling function (Van
Breusegem et al 2001). In this respect, Tewarl et
al (2008} reported that NO activate NADPH oxi-
dase activity resulting in the generation of 02" and
which subsequently induces rootdifferentiation.
Moreover, they found that inhibition of NADPH
oxidase with the treatment of SNP + dipheny! io-
dodonium chloride (DPI, an inhibitor of NADPH
oxidase) or DPI alone retarded growth of adventi-
tious roots, suggesting that a certain level of O;" is
beneficial for growth of adventitious roots of moun-
tain ginseng. Thus, the present results suggest
that NO and ROS might play an important role in
ARF in derooted mung bean seedlings.

SOD is a major scavenger of Oz, catalyzing
the dismutation of superoxide radicals to H,0; and
Q2. CAT, GPX and APX are important H;O, de-
toxyfying enzymes. In addition, GPX is implicated
in several physiological processes including cell
growth and expansion (Kawano, 2003), reactive

- oxygen species generation (Schopfer et al 2002),

and lignification (Goldberg et al 1985). As shown
in Table (1), ABA-treated cuttings exhibited

Annals Agric. Scl.,, 55(2), 2010
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Table 1. Effect of ABA, and the specific NO scavenger carboxy-PTIO on the levels of NO, O;", and
H;0., and activities of antioxidant enzymes in the basal end (10-mm) of hypocotyls of

mung bean cuttings 120 h after trea

tment. Means with different letters are significantly dif-

ferent at 0.05 P level
0, SOD activil CAT activi GPX AP

NO content H0, ? . 2 4 y ac!. I? " x aclf.vlgy

Treatment (hmol g DW) | qumol g Fw) (nmol min {Umg {umol min {U min {umol min
§ Hmolg g' Fw) Protein) | mg” protein) | mg protein} | mg ! protein)

Control 3368b 0.481 b 38.30 b 76.90 b 79.57 b 4264 b 0,404 b

ABA 53.95a 0.579a 31.38¢ 87.73a 103.67 a 58.78 a 0.708 a

PTIO - ABA 11.26 ¢ 0.335¢ §3.71 a 578¢ 56.47 ¢ 23.81¢ 0.163 ¢

increases in the activities of antioxidant enzymes,
namely SOD, CAT, GPX, and APX. Increases in
the activities of previously antioxidant enzymes
suggest that ROS induced these increases in dif-
ferent ceflular compartments, as also reported by
Logan ef al (1998); whereas a reversed pattern
was found when the NO scavenger carboxy-PTIO
atong with ABA were applied (Tabte, 1). This is
consistent with the postulated role of NO as a sig-
nafing molecule involved in inducing increases in
the activities of antioxidant enzymes, as reported
by Laspina et af-(2005), Tewari ef al (2007} and
Zhang et al (2009). The mode of ABA action in
inducing ARF might be explained as follows: ABA
might first induce NO synthesis and the ABA in-
duced NO then stimulates the antioxidant en-
zymes, as also reported by Zhou ef af (2005). It
has been observed in many other plant species
that NO stimulates antioxidant enzymes. The in-
ducible effect of the NO donor SNP on the activity
. of SOD, CAT, GPX, and APX was observed in rice
seedlings (Uchida et af 2002). The NO donor in-
creased SOD activity in rice under osmotic stress
(Cheng et al 2002), SOD and CAT are considered
key players in the antioxidant response system as
they regulate the cellular concentration of O;” and
H;0. (Van Breusegem et al 2001). These two
enzymes, together with ascorbate peroxidase, and
other antioxidant enzymes, constitute the major
defense system against ROS in the plant cell un-
der abiotic stress {Mittler, 2002).

" Addiionally, recent research suggested that
suppressed expression of tofipotency in tobacco
protoplast was correlated with reduced activity of
cellular antioxidant machinery (Papadakis et af
2001). Similar resuits were noted in the present
study {Figs. 1, 2 and Table 1). As previously
stated, the activities of the antioxidant enzymes in

carboxy-PTIO plus ABA were much lower than that
in the ABA-treatment, which possibly related to the
fow regeneration capacity in the former treatment.
In fact, antioxidant enzymes play a crucial role in
the scavenging of ROS during plant metabolism
(Camp et al 1997). Higher activities trigger cell
division and root organogenesis, as also sug-
gested by Tlan ef al {2003). The present results
are also agreement with the observations that ABA
induced the expression of SOD, CAT, and APX
genes in maize and Chlamydomonas reinhardfii
(Zhu and Scandalios, 1994; Yoshida et al 2004).
These data supported the hypothesis that NO may
mediate ABA-induced antioxidant enzymes. Thus,
endogenous NO, ROS and activities of antioxidant
enzymes were required to mediate ABA action on
adventitious rooting process in derooted V. radiata
seedlings. The mode of NO action in stimulating
ARF might be rejated to alleviation of the oxidative
damage induced by wounding after removing the
primary. roots. lts role can be explained as foilow-
ing: because of the existence of an unpaired elec-
tron within the molecule, NO can react directly with
some ROS, such as O;", and H20: (Martinez et
al 2000). Reaction of NO with 0>~ produces per-
oxynitrite (ONOCOQ"), which is considered to be a
highly toxic product. However, ONOO™ can be pro-
tonated and decomposed to a nitrate anion and a
proton or it can react with H.O2 to yield a nitrite
anion and oxygen (Martinez ef af 2000; Wende-
henne et a/ 2001). Meanwhile, NO can terminate
the lipid peroxidation by reacting with flipid alcoxyl
(LO) and peroxyl (LOO-) radicals, which are pro-
duced during membrane fipid peroxidation. it has
been reported that the reaction between NO and
LO7 LOO- is rapid and in a direct fashion (Beligni
and Lamattina, 1999). Root formation is not ex-
ception from the targets of NO action {Correa-
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Aragunde ef al 2004, 2006; Kolbert et af 2008). A
high root regeneration capacity in ABA-freated
cutlings is owed to significantly. increased antioxi-
dant enzymes activities. As a bioactive antioxidant,
endogenous NO generation at the potential rooting
sites stimulates ARF by reacting with ROS directly
or inducing activities of ROS-scavenging enzymes,
especially in ABA-treated cuttings, which are better
adapted to produce a large number of roots in this
research. Thus, it may be concluded that ROS
metabolism is important for ARF in derooted mung
bean seedlings.

CONCLUSIONS

Treatments with the NO donor SNP, specific
NO scavenger carboxy-PTIO and NOS inhibitor L-
NNA revealed that NO is involved in ABA induced
ARF via enhancement of antioxidant enzymatic
activities in dercoted V. radiata seedlings. ABA-
triggered NO production was reversed in the pres-
ence of the NOS-inhibitor, indicating that NOS may
play an important role in NO-mediated ABA-
induced antioxidant enzymes activities and in turm
ARF. NO generation has been suggested to be
responsible for the regulation of H,0,, 02" levels
and antioxidant enzymalic activities, which may
affect V. radiata adventitious rooting. It could be
postulated that ABA is necessary to control anti-
oxidant enzyme activity via modulating NO and
ROS for inducing adveniitious rooting.
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