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Abstract To investigate the inductive effect of salicylic
acid (SA) on the resistance of Pyrus bretschneider cv Yali
to black spot disease (Alternaria kikuchiana Tanaka), the
physiological and biochemical characteristics of detached
pear leaves at the age of 5 to 10 days were measured after
application of SA. The results showed that exogenous SA
significantly improved the resistance of Yali pear (Pyrus
bretschneider cv Yali) leaves to black spot disease. For the
SA treatment at 0.02mmol-L! SA concentration, the
disease index was the lowest, and the induced resistance
reached up to 63.9%. Furthermore, SA induced local and
systemic resistance of Yali pear against the black spot
disease. Expression of systemic resistance in leaves was
detectable 3 d after SA treatments and lasted for 10d.
POD, PPO, and PAL activities of Yali pear leaves
increased by SA treatment. It is suggested that exogenous
SA solution as a chemical activator could induce the
resistance of Yali pear to black spot disease.

Keywords Yali pear, Alternaria kikuchiana Tanaka,
salicylic acid, induced resistance

1 Introduction

Yali pear is one of the best pear cultivars cultivated
extensively in Northern China. However, it often suffered
serious losses from black spot disease caused by Alternaria
kikuchiana Tanaka. To reduce black spot disease occur-
rence, lots of chemical pesticides are used. Although the
common chemical pesticides have positive effects in the
disease control, it would cause environmental pollution
and pesticide residues for a long time. Therefore, seeking
for new methods to control pear black spot disease is an
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important topic for researchers and pear growers.
Salicylic acid (SA) is a kind of phenolic compound,
existing in plants widely. SA can control many important
metabolic processes in plants (Raskin, 1992). At present,
the study of SA is mainly focused on the induction of plant
defense responses (Loake and Grant, 2007). It has been
reported that SA induces a variety of crops to produce a
wide range of disease resistance, such as cucumber (Shi et
al., 2004), tobacco (Park et al., 2007), turf-type fescue (Gu
and Wang, 2003), and so on. However, whether or not SA
has the ability to induce the resistance of Yali pear leaves to
black spot disease had not been reported. Our experiment
was to evaluate the ability of SA, whether it could induce
resistance to black spot disease in the leaves of Yali pear.

2 Materials and methods
2.1 Biological materials and fungal strains

Yali pear plants (Pyrus bretschneider cv Yali) were
selected from the orchard of the Agricultural University
of Hebei, and healthy young leaves of 5 to 10 days were
collected as trial materials.

The pathogenic fungus A. kikuchiana Tanaka was
obtained from the College of Plant Protection in the
university. Fungal was grown on solid potato dextrose agar
(PDA) for seven days at 25°C. Then, conidia were washed
with sterile water by centrifugation and suspended in 0.1%
Tween solution. The conidial concentration was adjusted
to about 2x 10° conidia-mL™".

2.2 Methods

2.2.1 Determination of colony growth

After filtration through a nylon filter with 0.25 pm pore
diameter, the SA solution was mixed with PDA and
adjusted to different concentrations (0, 0.002, 0.02, 0.2,
and 2mmol-L™"). Drops (about 20 pL) of the conidial
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suspension were placed at the center of the PDA medium.
The experiments were conducted with three replicates.
After inoculation, the PDA media were placed in a
phytotron at 25°C to observe the morphology of mycelia,
measure the diameter of colony, and calculate inhibition
rate 5 days later.

2.2.2  Foliage protection experiments with SA treatment

SA was adjusted to different concentrations (0.002, 0.02,
0.2, and 2 mmol-L™) and sprayed onto young leaves of
Yali pear with distilled water treated as a control. Three
days later, the branches were cut off and inserted into
conical flask for hydroponic culture. Then, conidial
suspension was brushed onto the leaves with a writing
brush. The inoculated branches were incubated in a moist
chamber at 20°C in the dark for 48 h and transferred to a
phytotron, maintaining at 25°C. Experiments were
repeated for three times. In each experiment, 20 branches
per treatment were used. Seven days later, the disease
index was calculated. The classification standard of black
spot disease was referenced to the research method of plant
disease by Fang (1998) (Table 1).

2.2.3 Determination of pharmacodynamics during SA
treatments

SA (0.02mmol-L™) or distilled water (control) was
sprayed onto young leaves of Yali trees. The treated leaves
were detached from trees 1, 2, 3,4, 5,6, 7, 10, 15, and 20
day(s) after treatment, respectively. Then, the detached
leaves were inoculated with A. kikuchiana Tanaka and
cultured in phytotron at a steady temperature of 25°C.
Seven days later, the disease index was calculated. Twenty
shoots were inoculated per treatment, and the experiment
was repeated three times.

2.2.4 Experiments of local and systemic resistance

Young leaves of the test shoots were divided into left and
right parts, with about three leaves each. Leaves from the
left part were carefully brushed with SA at 0.02 mmol-L™'
(SL) or distilled water as a control (CL), while those from
right part were smeared nothing, namely, SR and CR were
brushed with neither SA nor water. Then, conidial

Table 1 The classification standard of black spot disease
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suspension was sprayed to SL, CL, SR, and CR. Seven
days after inoculation, the disease index of the two parts
was calculated separately. Twenty branches were used per
treatment with three replicates.

2.2.5 Assays of enzymatic activities

In the initial experiment, young leaves of Yali trees were
sprayed with different concentrations of SA (0, 0.002,
0.02, 0.2, 2 mmol-L™), and were sampled three days later.
Enzyme activities of the samples were analyzed or stored
at —70°C for later use. Thereafter, SA (0.02 mmol-L™) or
distilled water (control) was sprayed onto the young leaves
of Yali trees, and the enzyme activity assays of the treated
leaves were made at 1, 2, 3,4, 5, 6,7, 10, 15, and 20 day(s),
respectively, followed by determinations of POD
(Moerschbacher et al., 1998), PPO (Zhang, 1990), and
PAL (Mozzetti et al., 1995) activities.

3 Results

3.1 Growth of Alternaria kikuchiana Tanaka

Alternaria pathogen was cultivated on the PDA medium,
which contained 0, 0.002, 0.02, 0.2, and 2 mmol-L!
salicylic acid, respectively. Five days after inoculation,
colony morphology was recorded, and bacteriostasis rate
was calculated. Results showed that the colony diameter
had no significant difference between the PDA medium
treated with SA (0.002-0.2 mmol-L™') and control
(Table 2). The colony shape and color after treatment
with SA were similar to those of the control, and
bacteriostasis rate was less than 2%. However, when SA
concentration of the PDA medium reached to 2 mmol-L™,
the mycelium was inhibited significantly.

3.2 Effect of induced resistance treated by SA at different
concentrations

Young leaves of Yali pear were sprayed with different SA
concentrations three days before the conidial suspension of
A. kikuchiana Tanaka was applied. Seven days after
inoculation, the disease index of the leaves treated with SA
(0.02 mmol-L™) was the lowest, and the inductive effect

level

disease severity

representing number

1 no symptom 0
2 area with symptom 0-25% 1
3 area with symptom 26%—50% 2
4 area with symptom 51%—75% 3
5 area with symptom more than 75% or withered leaf 4
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Table 2  Effect of SA on colony growth of Alternaria kikuchiana Tanaka

concentration of SA colony diameter/mm inhibition rate/% colony shape colony color density and growth
Jmmol-L ™1 potential of mycelia

0 (control) 59.4 0 round-shaped floc black green thick and flourish
0.002 58.2 1.94 round-shaped floc black green thick and flourish
0.02 58.3 1.77 round-shaped floc black green thick and flourish

0.2 61.6 -3.79 round-shaped floc dark gray thick and flourish

2 537 9.52 round-shaped floc dark green very thick center with thin

margin , flourish

Note: * denotes significant at 0.05 level; ** denotes significant at 0.01 level.

on the 3rd day, with —49.3% severity. Thereafter, the
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Fig. 2 Disease index on leaves of Yali pear after different time intervals between SA treatment and inoculation
Note: * denotes significant at 0.05 level; ** denotes significant at 0.01 level.
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Fig. 3 Effect of SA treatment before or after inoculation on the
black spot disease index in Yali pear

Note: SL, CL, SR and CR represent the left leaves after treatment
with 0.02 mmol-L ! SA, the left leaves after treatment with water,
the right leaves after treatment with 0.02 mmol-L ' SA and the
right leaves after treatment with water, respectively. * denotes
significant at 0.05 level; ** denotes significant at 0.01 level.
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Fig. 4 Effects of different concentrations of SA on activities of
POD, PPO and PAL in Yali pear leaves

Note: * denotes significant at 0.05 level; ** denotes significant at
0.01 level.

of these three enzymes by 31.4%, 93.8% and 89.3%,
respectively, compared to the control.

3.5.2 Assays for enzymatic activities after SA treatment

The change of POD activity shown in Fig. 5 indicates that
the Yali leaves treated with 0.02 mmol-L™' SA from 4 to 20
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Fig. 5 Effects of exogenous SA on activities of POD, PPO, and
PAL in Yali pear leaves

Note: * denotes significant at 0.05 level; ** denotes significant at
0.01 level.

days could be significantly increased more in the POD
activity when compared to their respective controls,
reaching up to the maximum (90.0% in respect to control)
on the 10th day.

The changes of PPO and PAL activity were similar.
They all had a rapid rise and then decreased slowly
(Fig. 5). The activities of PPO and PAL reached their peaks
at the third day, when the activities of the two enzymes
were increased by 101.6% and 145.0%, respectively, in
respect to their controls. The PPO and PAL activities were
significantly lower at 10th day after SA treatment.
Furthermore, at the 20th day, the activities of the two
enzymes were not significantly different from those of their
controls.

4 Discussion

Induced resistance responses contribute to the natural
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protection of plants against pathogens. An emerging
strategy in plant protection is the chemical induction of
systemic acquired resistance (SAR) (Lucas, 1999). Con-
sidered as a SAR inducer, a chemical should fulfill at least
the following criteria (Sticher et al., 1997) including (a)
showing indirect antimicrobial activity, (b) protecting
against a range of pathogens without specificity, and (c)
activating host defense mechanisms. Salicylic acid and its
derivatives showed a typical SAR response in cucumber
and tobacco and effectiveness against different pathogens
(Métraux et al., 1990; Seskar et al., 1998).

Although few studies on induced resistance responses
have been performed on trees, emerging data suggest that
the SAR paradigm may work in these plants too. In
particular, the benzothiadiazole derivative acibenzolar-S-
methyl (BTH) as a SAR inducer have been reported to be
effective in the protection of apples from fire blight disease
caused by E. amylovora (Brisset et al., 2000; Maxson-
Stein et al., 2002). Notably, in the signal transduction
pathway of SAR, BTH acts as downstream of SA (Malamy
et al., 1990). Therefore, the young leaves of Yali pear were
selected as the experimental materials, and the expression
of resistance was studied after the SA treatments. We
suggest that SA, when sprayed onto Yali leaves 2 days
before A. kikuchiana Tanaka inoculation, can make a
significant protection, inducing not only the local defense
response but also the systemic resistance (Fig. 3).

The resistance of Yali pear leaves would not continue to
increase with the increased SA concentration. The best
induced concentration was 0.02 mmol-L™ (Fig. 1). Mao
et al. (2004) found that different plants might need
different concentrations of SA to induce the expression
of their resistance, which was related to the level of
endogenous SA in plants. The concentration of SA
inducing the resistance of Yali pear leaves was lower
than that of many other plants (0.07-0.7 mmol-L™")
(Raskin, 1992). It might be speculated that the leaves of
Yali pear contained a higher concentration of salicylic acid.

Studies have shown that many antioxidant enzymes are
related to plant defense responses (Wang et al., 2005;
Liang et al., 2006). Moreover, the activities of these
enzymes are regarded as an important indicator of plant
defense responses. Our results showed a significant local
accumulation of these enzymes and a persistent tendency
of their systemic accumulation. Therefore, SA was not only
directly involved in the resistance against Alfernaria
kikuchiana Tanaka but also inducted the activity of
defense-related enzymes to prevent pathogen attack.

References

Brisset M N, Cesbron S, Thomson S V, Paulin J P (2000). Acibenzolar-
S-methyl induces the accumulation of defense-related enzymes in

apple and protects from fire blight. Eur J Plant Pathol, 106: 529-536

Fang Z D (1998). Research Method of Plant Disease. 3rd ed. Beijing:
China Agriculture Press, 366-368 (in Chinese)

Gu Y X, Wang D J (2003). Effect of external salicylic acid on Curvularia
lunate Boed on Festuca arundinacea Schreb. Grassland of China, 25
(4): 56-60 (in Chinese)

Liang J G, Zhang B X, Chen Z Y, Yu J Q (2006). Studies on the
resistance to cucumber damping-off induced by plant growth-
promoting Rhizobacteria CH1. Acta Horticulturae Sinica, 33(2):
283-288 (in Chinese)

Loake G, Grant M (2007). Salicylic acid in plant defence—the players
and protagonists. Current Opinion in Plant Biology, 10: 446472
Lucas J A (1999). Plant immunization: from myth to SAR. Pestic Sci,

55: 193-196

Malamy J, Carr J P, Klessig D F, Raskin I (1990). Salycilic acid: a likely
endogenous signal in the resistance response of tobacco to viral
infection. Science, 250: 1002—1004

Mao A J, WANG Y J, Feng L X, Geng S S, Xu Y (2004). Study on the
resistance induced by salicylic acid against Phytophthora capsici in
pepper. Scientia Agricultura Sinica, 37(10): 1481-1486(in
Chinese)

Maxson-Stein K, He S Y, Hammerschmidt R, Jones A L (2002). Effect
of treating apple trees with acibenzolar-S-methyl on fire blight and
expression of pathogenesis-related protein genes. Plant Disease, 86:
785-790

Métraux J P, Signer H, Ryals J, Ward E, Wiss-Benz M, Gaidin J,
Raschdorf K, Schmid E, Blum W, Inverardi B (1990). Increase of
salicylic acid at the onset of systemic acquired resistance in
cucumber. Science, 250: 1004—-1006

Moerschbacher B M, Noll U M, Flott B E, Reisener H J (1998). Lignin
biosynthetic enzymes in stem rust infected, resistance and susceptible
nearisogenic wheat lines. Physiological and Molecular Plant
Pathology, 33(1): 33-36

Mozzetti C, Ferraris L, Tamietti G, Matta A (1995). Variation in enzyme
activities in leaves and cell suspension as markers of incompatibility
in different phytophthora-pepper interaction. Physiological and
Molecular Plant Pathology, 46: 95-107

Park S W, Kaimoyo E, Kumar D, Mosher S, Klessig D F (2007). Methy]
salicylate is a critical mobile signal for plant systemic acquired
resistance. Science, 318: 112116

Raskin I (1992). Role of salicylic acid in plants. Annual Review of Plant
Physiology and Plant Molecular Biology, 43: 439-463

Seskar M, Shulaev V, Raskin I (1998). Endogenous methyl salicylate in
pathogen-inoculated tobacco plants. Plant Physiol, 116: 387-392

ShiQ H, Zhu Z J, Xu M, Qian Q Q (2004). Effects of exogenous salicylic
acid on activities of some enzymes and antioxidants in cucumber
leaves. Acta Horticulturae Sinica, 31(5): 666—667 (in Chinese)

Sticher L, Mauch-Mani B, Métraux J P (1997). Systemic acquired
resistance. Annu Rev Phytopathol, 35: 235-270

Wang T, Wang S P, Guo S R, Gao H B (2005). Change of polyamines
metabolism in roots of cucumber seedlings under root-zone hypoxia
stress. Acta Horticulturae Sinica, 32(3): 443—437 (in Chinese)

Zhang Z L (1990). Experimentation Guidance of Plant Physiology.
Beijing: Higher Education Press (in Chinese)



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


