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Abstract: Bacterial leaf blight (Xanthomonas oryzae pv. oryzae) is a significant rice disease. Aqueous
crude extracts of Kalanchoe pinnata were shown to induce rice resistance against the disease. This
study aims at testing the disease-reducing effects of K. pinnata leaf extracts using the liquid-liquid
extraction method with three different solvents (dichloromethane, methanol, and water). This serves
as a basis to select appropriate extracts for effective disease control. Three concentrations (1, 1.5, and
2%) of each extract were tested using seed soaking. The extracts did not show adverse effects on seed
germination and seedling growth. Methanol extracts showed significantly different effects compared
to those of the untreated control. The involvement of induced resistance in the disease reduction
was shown through activities of the four defense-related and antioxidant enzymes, i.e., peroxidase
(POX), catalase (CAT), polyphenol oxidase (PPO), and phenylalanine ammonia lyase (PAL). Using
1% methanol extract, activities of POX and CAT involved in hydrogen peroxide production in rice
tissues increased 1—4 days after pathogen inoculation (DAI) and remained at high levels until 6 DAL
Activities of PPO and PAL involved in resistance signaling pathways significantly increased after
pathogen inoculation. Activities of the four enzymes generally increased after pathogen inoculation
and reached higher levels with extract applications.

Keywords: bacterial leaf blight; induced resistance; Kalanchoe pinnata; methanol extract; rice;
Xanthomonas oryzae pv. oryzae

1. Introduction

Bacterial leaf blight (BLB) caused by Xanthomonas oryzae pv. oryzae (Xoo) is one of
the most notable diseases in rice fields, particularly in Vietnam [1,2]. Different means to
control the disease have been studied, i.e., chemicals [3,4], antagonistic bacteria [5], genetic
resistance [6-8], and induced resistance [9,10]. Induced resistance is defined as the process
of active resistance dependent on the host plant’s physical and chemical barriers, activated
by biotic or abiotic agents [11]. Physically, induced resistance may involve papilla formation,
lignification, and callose accumulation which prevent the direct penetration of pathogens
into plant tissues [12,13]. Induced resistance may also involve the production of phenolic
compounds [14,15], phytoalexins [16,17], and defense-related enzymes like peroxidase
(POX), polyphenol oxidase (PPO), and phenylalanine ammonia lyase (PAL) [18,19]. The
induction of POX was associated with the production of toxic radicals, such as oxide (0%7)
and hydrogen peroxide (H;O;) [20]. The increased production of both the superoxide
radicals and HyO, is a common feature of defense responses to plants challenged by
pathogens and elicitors. There has been evidence indicating that HyO, performs several
important roles in plant pathogen interactions [21] where its metabolism is tightly correlated
with the antioxidant enzyme catalase (CAT) which decomposes H,O; at a rapid rate [22].
As a biotrophic pathogen, Xoo infection is inhibited by H,O, [23]. PPO mediates phenolic
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oxidation in restricting plant disease development [24]. PAL and POX are the key enzymes
involved in phenylpropanoid metabolism [25]. The increase in PAL and PPO activity could
assist rice plants in inhibiting Xoo infection as they enhance the biosynthesis of secondary
metabolites in rice tissues [9,10,25-27].

Numerous chemicals, bacteria and plant extracts can induce rice resistance against
BLB. They include salicylic acid [28], vitamin B; [29], rhizobacteria [30], Pseudomonas
fluorescens [31], methanol extracts of Datura metel [9], aqueous and methanol extracts of
Adhatoda vasica [26], aqueous extracts of Vitex negundo [27], and aqueous crude extracts
of Kalanchoe pinnata [10,32]. Indeed, disease-reducing effects until 21 days after pathogen
inoculation (DAI) were shown previously when rice seeds were soaked in aqueous K.
pinnata crude extracts before sowing [10,32]. The protection involved induced resistance
since activities of POX and CAT increased after extract applications, particularly with the
presence of Xoo, while those of PPO and PAL increased at an early stage after pathogen
inoculation [9,10,26,27].

As bioactive compounds have different characteristics and polarities, their contents
and antioxidant power varied when extraction was conducted using different solvents [33].
It could be argued that different solvents and/or extraction methods could extract different
resistance-inducing compounds against BLB. Previous studies showed the disease-reducing
effects of aqueous crude extracts of K. pinnata against BLB [10,32]. This study aims at
testing the disease-reducing effects against BLB, under greenhouse conditions, of K. pinnata
leaf extracts using the liquid-liquid extraction method with three different solvents, i.e.,
dichloromethane, methanol, and water, thus investigating the involvement of induced
resistance in disease reduction through the activities of the defense-related and antioxidant
enzymes, i.e.,, POX, CAT, PPO, and PAL. These serve as a basis to select appropriate extracts
to effectively control rice bacterial leaf blight and thus reduce the current use of chemical
pesticides to protect human health and the ecosystem.

2. Materials and Methods
2.1. Materials

Whole healthy mature plants (one year old) grown in the greenhouse of Vinh Long
University of Technology Education (Vinh Long City, Vietnam) were harvested at 7:00 a.m.
Uniform mature leaves (approx. 10 cm in length) were collected from the plants under
laboratory conditions to prepare extracts.

Rice cv. Jasmine 85 and Xoo isolates were provided by the Plant Pathology Group,
Institute of Food and Biotechnology, Can Tho University (Can Tho City, Vietnam).

2.2. Preparation of K. pinnata Extracts

K. pinnata leaf extracts were made by the liquid-liquid extraction method following
the protocol of Kagale et al. [9]. The extraction was conducted using 300 g fresh leaves
homogenized in 5 min in a blender containing 1500 mL solvent (1:5 w/v). Three different
solvents were used to make the extracts including (1) dichloromethane [100%, polarity
index (PI) 0.309, Sigma-Aldrich, Darmstadt, Germany], (2) methanol (100%, PI 0.762,
Sigma-Aldrich, Germany) and (3) distilled water (PI 1.0). The mixtures were subjected to
ultrasonication (Elmasonic S300, Elma Co., Singen, Germany) at 120 W power in 60 min,
salted out by sodium sulphate (NaySO;), and filtered through filter papers (Whatman
(J110 mm) to obtain filtrates. The filtrates were vacuum-evaporated at 50 °C using a rotary
vacuum evaporator (IKA, Calgon Scientific Co., Kochi, India) operating at 5000 rpm. The
resulting 100 mL products were dried at 50 °C to obtain three corresponding extracts. These
were stored at —4 °C for further analyses in this study.

2.3. Effects of K. pinnata Leaf Extracts on Rice Seed Germination and Seedling Growth

The experiment was conducted in a completely randomized design with three repli-
cations. Three K. pinnata extracts [methanol (MeOH) extract, dichloromethane (CH,Cl;)
extract, and distilled water (H,O) extract] were tested using three different concentrations
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[1, 1.5, and 2% (w/v)]. Rice seeds were soaked in the extracts for 24 h. Sterile distilled
water was used as an untreated control. Effects of K. pinnata extracts on rice seed ger-
mination and seedling growth were tested using the protocol described by Singh and
Rao [34] and modified by Khoa et al. [10]. A hundred seeds were evenly placed in ten
rows (10 seeds/row) between two moist sheets of filter papers. The sheets were rolled and
stored at 28 °C in plastic bags. After 7 days, shoot and root lengths of germinating seeds
and germination rates (% of germinating seeds over total number of seeds) were recorded.
Vigor indexes were calculated as described by Abdul-Baki and Anderson [35] and modified
by Teixeira et al. [36].

Vigor index = (shoot length + root length) x germination rate

2.4. Effects of K. pinnata Leaf Extracts Using Seed Soaking on BLB Lesion Lengths under
Greenhouse Conditions

The experiment was conducted in a completely randomized design with three replica-
tions. The MeOH extract, CH,Cl, extract, and H,O extract were tested using three different
concentrations [1, 1.5, and 2% (w/v)]. Rice seeds were soaked in K. pinnata extracts for 24 h.
The seeds were then incubated at 28 °C for 48 h before sowing. Starner 20WP (oxolinic acid
20%) was used as a chemical control [10,32,37] and water as an untreated control.

As MeOH extracts provided the best protection among the extracts tested, higher
concentrations (2, 4, 6, 8, and 10%) of MeOH extracts were further tested to determine
whether the protection increased.

2.4.1. Inoculum Preparation

Xoo was grown at 28 °C on agar plates containing 25 mL of modified Wakimoto’s
medium [1 L of the medium contains 20 g of sucrose, 5 g of peptone, 5 g of Ca(NO3),-4H,0,
0.82 g of NapHPO4 0.05 g of FeSO,4-7H,0 and 15 g of agar, pH 7.0] [38]. Inoculum was
prepared by adding a loopful (2 mm diameter) of a 72 h old Xoo culture to 10 mL of sterile
distilled water followed by homogenization using a vortex. The Xoo cell density used to
inoculate rice plants was 10° colony forming unit/mL (CFU/mL) [10].

2.4.2. Pathogen Inoculation and Disease Assessment

Forty-five days after sowing, three mature fully expanded leaves counted from the
top of each rice plant were inoculated using the leaf-clipping method [10,39]. Furthermore,
10°-CFU/mL Xoo suspension was used for pathogen inoculation. Mean lesion lengths were
recorded for three inoculated leaves/plant at 7, 14 and 21 DAI[10]. All experiments were
conducted in a completely randomized design, and each treatment had three replications
(five plants/replication).

2.5. Assays of Enzyme Activities

Four treatments were included in these assays, i.e., (1) seed soaking using 1% K. pinnata
methanol extract and pathogen inoculation (MeOH + inoculated); (2) seed soaking using 1%
K. pinnata methanol extract and no pathogen inoculation (MeOH + non-inoculated); (3) seed
soaking using distilled water and pathogen inoculation (water + inoculated); (4) seed
soaking using distilled water and no pathogen inoculation (water + non-inoculated).

2.5.1. Tissue Collection and Enzyme Extraction

Rice leaves were collected from 0 to 7 DAI (once a day) and quickly frozen in liquid
nitrogen. For enzyme extraction, 10 g of rice leaves was ground in liquid nitrogen using
a Retsch mixer mill (MM200, Retsch Co., Haan, Germany), and 0.1 g of the sample from
each collection time point was subsequently homogenized in 1.5 mL of an extraction buffer
solution corresponding to each enzyme. Indeed, sodium potassium phosphate buffer 0.1 M
(pH 6.5) was used for the extraction of POX and PPO, sodium potassium phosphate buffer
0.1 M (pH 7.0) for CAT, and sodium borate buffer 0.1 M (pH 8.7) for PAL. The homogenates
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were then centrifuged at 10,000 rpm at 4 °C for 30 min. Enzyme samples were always kept
on ice during the assays. Each assay was conducted with three replicates.

2.5.2. POX Assay

POX activity was recorded through the conversion of tetra-guaiacol and guaiacol
at 470 nm in a UV /Vis spectrometer (Labomed 2602, PerkinElmer, Waltham, MA, USA)
following the method described by Hammerschmidt et al. [40] and modified by Khoa
et al. [10]. It was expressed as changes in absorbance at 470 nm per min per mg protein of
fresh leaf tissue. The reaction mixture consisted of 1.6 mL H,O, 0.05 M, 0.15 mL guaiacol
0.15 M and 0.15 mL enzyme extract. A blank sample consisted of 1.6 mL H,O, 0.05 M,
0.15 mL guaiacol 0.15 M and 0.15 mL extraction buffer, the value of which was set 0 at
470 nm.

2.5.3. CAT Assay

CAT activity was expressed as changes in absorbance at 240 nm per min per mg
protein of fresh leaf tissue of the concentration of HyO; as described by Beers and Sizer [41]
and modified by Khoa et al. [41]. The reaction mixture consisted of 1.75 mL H,O, 0.1 M
and 0.15 mL enzyme extract. A blank sample consisted of 1.9 mL extraction buffer, the
value of which was set 0 at 240 nm.

2.5.4. PPO Assay

PPO activity was recorded through the conversion of colorless catechol to brown
benzoquinone at 490 nm per min per mg protein of fresh leaf tissue as described by
Mayer et al. [42] and modified by Khoa et al. [10]. The reaction mixture consisted of
1.75 mL catechol 0.2 M and 0.15 mL enzyme extract. A blank sample consisted of 1.75 mL
catechol 0.2 M and 0.15 mL extraction buffer, the value of which was set 0 at 240 nm.

2.5.5. PAL Assay

PAL activity was recorded through the deamination of L-phenylalanine to produce
trans-cinnamic acid at 290 nm per min per mg protein of fresh leaf tissue as described by
Dickerson et al. [43] and modified by Khoa et al. [10]. The reaction mixture consisted
of 0.5 mL sodium borate buffer 0.1 M (pH 8.7), 1 mL L-phenylalanine 0.1 M, 0.15 mL
distilled water and 0.2 mL enzyme extract. After allowing the reaction to occur in a test
tube at 32 °C for 40 min, 0.2 mL HC1 5.0 N solution was added to stop the reaction. A
blank sample consisted of 0.7 mL of extraction buffer, 1 mL L-phenylalanine 0.1 M and
0.15 mL distilled water, the value of which was set 0 at 290 nm.

2.6. Data Analyses

Data of rice seed germination and seedling growth, BLB lesion lengths, and enzyme
activities were analyzed via an analysis of variance without transformation using PC-SAS®
version 9.1 (SAS Institute Inc., Cary, NC, USA). All experiments were conducted in a
completely randomized design with three replications. Three independent experiments
were carried out.

3. Results
3.1. Effects of K. pinnata Leaf Extracts on Rice Seed Germination and Seedling Growth

The vigor indexes of rice seeds soaked in methanol extract (MeOH), dichloromethane
extract (CH,Cly), and distilled water extract (H,O) using three different concentrations (1,
1.5 and 2%) are shown in Table 1. The vigor indexes of rice seeds soaked in 2% extracts using
MeOH, CH,Cl, and HyO were significantly different compared to those of the untreated
control. These extracts were therefore used to test their disease-reducing effects against
BLB under greenhouse conditions.
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Table 1. Effect of Kalanchoe pinnata leaf extracts using three different solvents on seed vigor index of
cv. Jasmine 85 at 7 days after soaking application.

The Vigor Index
Extracts Concentrations (w/v) Untreated Control
1% 1.5% 2% (Distilled Water)
MeOH 10,555 4 1427b¢ 10,917 + 953 be 12,038 &+ 629 P 10,240 + 873 ¢

CH,Cl, 11,296 + 163 be 11,083 + 898 be 15,033 4 481 2
H,O 9966 =+ 706 © 11,328 + 935 be 12,048 + 890 P

Mean values + standard errors followed by the same letters indicate no significant differences at p < 0.05 by
Duncan’s multiple range test.

3.2. Effects of K. pinnata Leaf Extracts Using Seed Soaking on BLB Lesion Lengths under
Greenhouse Conditions

Seed soaking application using K. pinnata leaf extracts significantly reduced the lesion
lengths of BLB under greenhouse conditions (Figure 1). At 14 DAI, there were no significant
differences between BLB mean lesion lengths on rice leaves of the MeOH treatment using
1, 1.5, or 2% extracts (122.6 &+ 5.4 mm, 124.4 + 10.6 mm, 108.7 £ 9.8 mm, respectively)
and those of the chemical control (123 £ 8.9 mm). At 21 DAI, mean lesion lengths of
the MeOH treatment using 1, 1.5, and 2% extracts (308.2 £ 33 mm, 298.9 £+ 18.2 mm,
268.2 £ 19.9 mm, respectively) were significantly different from those of the untreated
control (350.0 £ 5.9 mm) and similar to those of the chemical control (280.5 &+ 5.6 mm). As
the 1.5% and 2% methanol extracts showed similar effects to those of the chemical control
until 21 DAI, they were selected to investigate the involvement of induced resistance in the
observed disease reduction.

400
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350 | BZ4 MeOH 1.5%  FEEA] H,0 1.5% ) ab b
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Figure 1. Effects of seed soaking using Kalanchoe pinnata leaf extracts on bacterial leaf blight lesion
lengths on rice cv. Jasmine 85 inoculated 45 day after sowing under greenhouse conditions. Rice seeds
were soaked in 1, 1.5, and 2% (w/v) K. pinnata leaf extracts using methanol (MeOH), dichloromethane
(CH,Clp), and distilled water (H,O). Starner 20WP (oxolinic acid 20%, 1 mg/mL) was used as a
chemical control and distilled water as untreated control. At each assessment time point, bars with
same letters are not significantly different at p < 0.05 by Duncan’s multiple range test. Each value is
the mean =+ standard deviation of three replications. DAI: days after inoculation.
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Higher concentrations of methanol K. pinnata leaf extracts (2, 4, 6, 8 and 10%) were
tested to determine the concentration associated with the most efficient disease reduction.
All methanol extracts showed significantly different disease-reducing effects until 21 DAI
compared to t of the untreated control (Figure 2). Although the 8% extract provided best
protection, the 1% extract was selected for further investigation as this was the lowest
concentration where the effects were still observed until 21 DAI (Figure 1).
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Figure 2. Effects of seed soaking using methanol Kalanchoe pinnata leaf extracts on bacterial leaf blight lesion
lengths on rice cv. Jasmine 85 inoculated 45 day after sowing under greenhouse conditions. Rice seeds
were soaked in 2, 4, 6, 8, and 10% (w/v) methanol K. pinnata leaf extracts. Starner 20WP (oxolinic acid 20%,
1 mg/mL) was used as a chemical control and distilled water as untreated control. At each assessment time
point, bars with same letters are not significantly different at p < 0.05 by Duncan’s multiple range test. Each
value is the mean = standard deviation of three replications. DAI: days after inoculation.

3.3. Enzyme Activities
3.3.1. POX

POX activities generally increased after pathogen inoculation and reached higher
levels with extract applications (Figure 3). The activities increased dramatically with
pathogen inoculation 3-5 DAI, from 24.8 & 0.8 to 58.1 £ 0.4 in the water + inoculated
treatment. Extract applications induced POX activities 1-7 DAI, from 23.3 £ 3.0 to
30.5 £ 0.5 in the MeOH + non-inoculated treatment but reached high levels 1-6 DAI
with the presence of both extract and pathogen, from 38.1 & 0.4 to 59.2 £ 1.0 in the
MeOH + inoculated treatment.

3.3.2. CAT

Similar to POX activities, CAT activities generally increased after pathogen in-
oculation and reached higher levels with extract applications (Figure 4). The activ-
ities increased dramatically with pathogen inoculation 1-4 DAI, from 17.0 £ 0.3 to
27.0 + 1.3, in the MeOH + inoculated treatment and from 11.5 & 0.6 to 20.3 &= 0.4 in
the water + inoculated treatment. Extract applications induced POX activities 1-5 DAI,
from 7.2 + 0.8 to 13.0 &+ 0.4, in the MeOH + non-inoculated treatment but reached
high levels 3-7 DAI with the presence of both extract and pathogen, from 18.5 £ 0.6 to
24.3 + 1.3, in the MeOH + inoculated treatment.
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Figure 3. Changes in peroxidase activities in rice leaf tissues under greenhouse conditions. MeOH + ino-
culated: ice seeds were soaked in 1% methanol K. pinnata leaf extract rand leaves were inoculated with
Xoo 45 days after sowing; MeOH + non-inoculated: seeds soaked in 1% extract and leaves not inoculated;
Water + inoculated: seeds soaked in distilled water and leaves inoculated; Water + non-inoculated: seeds
soaked in distilled water and leaves not inoculated. Within each treatment, values with same letters are
not significantly different at p < 0.05 by Duncan’s multiple range test. Each value is the mean =+ standard
deviation of three replications.
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Figure 4. Changes in catalase activities in rice leaf tissues under greenhouse conditions.
MeOH + inoculated: rice seeds were soaked in 1% methanol K. pinnata leaf extract and leaves were
inoculated with Xoo 45 days after sowing; MeOH + non-inoculated: seeds soaked in 1% extract and
leaves not inoculated; Water + inoculated: seeds soaked in distilled water and leaves inoculated;
Water + non-inoculated: seeds soaked in distilled water and leaves not inoculated. Within each
treatment, values with same letters are not significantly different at p < 0.05 by Duncan’s multiple
range test. Each value is the mean + standard deviation of three replications.
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3.3.3. PPO

PPO activities increased with extract applications 2-5 DAI, from 4.4 &+ 0.7 to
10.3 £ 0.6 in the MeOH + inoculated treatment and from 3.4 & 0.8 to 4.3 & 0.2 in the
MeOH + non-inoculated treatment (Figure 5). The activities increased dramatically
with pathogen inoculation 3-6 DAI, from 4.0 £ 0.7 to 8.0 £ 0.7, in the water + inoculated
treatment. The activities reached high levels 2-5 DAI with the presence of both extract
and pathogen, from 4.4 + 0.7 to 10.3 & 0.4 in the MeOH + inoculated treatment.

—
[

—
=
|

Polyphenol oxidase activity

{2 0Dyo0m % min™ % mg™ protein of fresh leaf tissue)

Days after inoculation

——MeOH + non-inoculated —4—MeOH + inoculated
-B-Water + inoculated -0-Water + non-inoculated

Figure 5. Changes in polyphenol oxidase activities in rice leaf tissues under greenhouse conditions.
MeOH + inoculated: rice seeds were soaked in 1% methanol K. pinnata leaf extract and leaves were
inoculated with Xoo 45 days after sowing; MeOH + non-inoculated: seeds soaked in 1% extract and
leaves not inoculated; Water + inoculated: seeds soaked in distilled water and leaves inoculated;
Water + non-inoculated: seeds soaked in distilled water and leaves not inoculated. Within each
treatment, values with same letters are not significantly different at p < 0.05 by Duncan’s multiple
range test. Each value is the mean =+ standard deviation of three replications.

3.34. PAL

Activities of PAL decreased 0-7 DAI with pathogen inoculation, from 0.5 & 0.01
to 0.3 £ 0.04, in the water + inoculated treatment, except a peak at 2 DAI (0.7 & 0.01)
(Figure 6). However, extract applications together with pathogen inoculation induced
the activities of this enzyme dramatically 0-2 DAI, from 0.3 £ 0.03 to 0.8 £ 0.04, in
MeOH + inoculated treatment.
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Figure 6. Changes in phenylalanine ammonia lyase activities in rice leaf tissues under greenhouse
conditions. MeOH + inoculated: rice seeds were soaked in 1% methanol K. pinnata leaf extract
and leaves were inoculated with Xoo 45 days after sowing; MeOH + non-inoculated: seeds soaked
in 1% extract and leaves not inoculated; Water + inoculated: seeds soaked in distilled water and
leaves inoculated; Water + non-inoculated: seeds soaked in distilled water and leaves not inoculated.
Within each treatment, values with same letters are not significantly different at p < 0.05 by Duncan’s
multiple range test. Each value is the mean =+ standard deviation of three replications.

4. Discussion

Methanol K. pinnata leaf extracts significantly reduced lesion lengths of BLB under
greenhouse conditions (Figures 1 and 2). Numerous studies on the management of BLB
using plant derivatives have been reported. Khoa et al. [10] presented that aqueous
crude extracts of K. pinnata applied for seeds soaking reduced BLB by induced resistance.
Nisha et al. [27] reported effective control of BLB using methanol extracts of Vitex negundo.
The application of Datura metel methanol leaf extract was reported by Kagale et al. [9] to be
able to effectively reduce the incidence of BLB under greenhouse conditions.

Investigations of mechanisms involved in observed disease reduction by plant deriva-
tives have suggested that induced resistance in host plants results in the reduction of
disease development [11]. The defense responses could involve pathogenesis-related pro-
teins or metabolites [18]. Assays of activities of the defense-related and/or antioxidant
enzymes, e.g., POX, CAT, PPO, and PAL have been used to show the involvement of in-
duced resistance in plant protection against different diseases, among those BLB caused by
Xoo [9,10,27]. In this study, seed soaking using methanol K. pinnata leaf extracts was shown
to be able to induce rice resistance against BLB through the activities of these enzymes
(Figures 3-6). Indeed, activities of POX, CAT, PPO, and PAL coordinately increased in rice
tissues after pathogen inoculation and reached higher levels with extract applications. Xoo
multiplication commences 2—4 DAI after sufficient growth, the pathogen invades xylem
systems and continues to multiply until 14 DAI [6]. Increased activities of the defense-
related and antioxidant enzymes 1-5 DAI could therefore reduce Xoo inoculum levels at
the early infection stage, thus reducing BLB lesion lengths (Figures 1 and 2).

Data obtained from the POX assays suggest the active role of this enzyme in induced
resistance against BLB. Early and significant increase in the POX activity was observed
with the presence of both extract application and pathogen inoculation (Figure 3). This
is concordant with the results of previous studies. For instance, Kagale et al. [9] and
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Govindappa et al. [26] showed the continuous increase in POX activities from 24 to 96 h
after inoculation (HAI) using seed soaking with methanol leaf extracts of Datura metel and
Adhatoda vasica, respectively. Nisha et al. [27] reported the continuous increase in POX
activities from 24 to 100 HAI using methanol extract of Vitex negundo. Khoa et al. [10] also
observed an increase in POX activity 1-6 DAI using seed soaking with aqueous K. pinnata
crude extracts.

In this study, CAT activities generally increased after pathogen inoculation and
reached higher levels with extract applications (Figure 4). Xoo might have triggered
the production of CAT to scavenge H,O, which is toxic to the pathogen. CAT ac-
tivities in the MeOH + non-inoculated treatment increased compared those in the
water + non-inoculated plants 5 DAI This means that extract applications also increase
CAT activities. After 5 days, CAT activities in the MeOH + non-inoculated treatment
were lower than those in the water + non-inoculated treatment. However, CAT activities
in the MeOH + inoculated treatment were higher than those in the water + inoculated
treatment 4-7 DAL These results support those presented by Khoa et al. [10] where CAT
activities increased 1-6 days using seed soaking with aqueous K. pinnata crude extracts.
Pal et al. [44] also observed a continuous increase in CAT activities 0-96 HAI when rice
seeds were soaked with extracts of Ocimum sanctum and Cymbopogan citrus.

With the presence of both extract application and Xoo inoculation, activities of PPO and
PAL were higher compared to those of the water + non-inoculated treatment (Figures 5 and 6).
PPO was induced earlier (1-5 DAI) than PAL (14 DAI). These results support the findings
of previous studies. For example, Kagale et al. [9] and Govindappa et al. [26] showed
continuous increases of PAL activities 24-72 HAI Khoa et al. [10] reported a similar increase
1-3 DAI when rice seeds were soaked with aqueous K. pinnata crude extracts. PAL is the key
enzymes involved in phenylpropanoid metabolism [25]. The increase in PAL activity could
therefore prevent Xoo infection. Phenolic compounds generated from the phenylpropanoid
pathway are PPO substrates [45]. PPO is a copper-containing bifunctional enzyme which
hydroxylases and oxidizes phenolic compounds to highly reactive ortho-quinones against
biotrophic pathogens like Xoo [46,47].

5. Conclusions

Methanol K. pinnata leaf extracts did not show adverse effects on seed germination and
seedling growth. It was efficient to use the 1% extract to induce rice resistance against BLB.
Although methanol was an adequate solvent to prepare K. pinnata extracts, other extraction
methods and/or fractionation of the extracts could be further investigated. These will
serve as a basis to select appropriate extracts or bioactive compound(s) in the extracts to
effectively control rice bacterial leaf blight and thus reduce the current use of chemical
pesticides to protect human health and the ecosystem.
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