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ABSTRACT 
�-amino butyric acid (�-ABA), salicylic acid (SA), calcium oxide (CaO) + urea play important roles in inducing and accumulating 
phytoalexins in plants. Soil amended with these inducers influenced the presence of Ralstonia solanacearum population density in the soil 
rhizosphere of both tomato (Lycopersicon esculentum cv. ‘Pinto’) and potato (Solanum tuberosum cv. ‘Spunta’) plants. This led to a 
reduction in the percentage of infection and disease severity compared to the control treatment. Different concentrations of �-ABA and 
SA were effective in reducing the pathogenicity of R. solanacearum to tomato and potato plants as well as decreasing the population of 
bacteria invading their roots. Also, soil amended with CaO + urea influenced the presence of R. solanacearum population density in the 
soil rhizosphere of both tomato and potato plants. 
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INTRODUCTION 
 
Tomatoes and potatoes are the most important crops in 
fresh-market production worldwide (Messiha et al. 2007). 
However, their yield and quality are threatened by bacterial 
wilt (BW) for which effective control measures are limited. 
BW is caused by Ralstonia solanacearum and is probably 
the most important bacterial disease of plants in different 
geographical zones worldwide (Elphinstone 2005). BW is a 
systemic disease that cannot be effectively managed with 
bactericides. Furthermore, it is also difficult to eliminate 
from fields since the pathogen persists in a wide range of 
crop and weed hosts and is associated with tomato, potato, 
and other Solanaceous hosts (Messiha et al. 2007). In ad-
dition to the loss of plants and yield, another serious impact 
of BW in Egypt (Messiha et al. 2009) and worldwide (Xue 
et al. 2009) is the abandonment of cultivation of potatoes 
and tomatoes on previously productive farms due to serious 
outbreaks of the disease (Li et al. 2004, 2005). 

Application of synthetic bactericides is still the most 
effective management strategy on account of unavailability 
of suitable disease-resistant cultivars for commercial use. 
However, the use of potentially hazardous bactericides in 
agriculture has been the subject of growing concern because 
of their possible adverse effects on the environment and 
emergence of bactericide-resistant pathogens (Pal et al. 
2001). Moreover, frequent application of bactericides leads 
to the development of tolerance in pathogens. Therefore, 
alternative control methods are deemed essential for the 
management of BW. 

The use of soil amendments is a widespread means to 
control diseases caused by soil-borne plant pathogens 
(Huang and Huang 1993; Michel and Mew 1998). Islam 
and Toyota (2004) suggested that tomato BW was sup-
pressed by certain amendments that promoted microbial 
activity due to their high contents of water-soluble C and N. 
Posas et al. (2007) used different sugars and amino acids as 

soil amendments to reduce the BW of tomato caused by R. 
solanacearum YU1Rif43. Michel et al. (1997) and Michel 
and Mew (1998) tested the efficacy of sugar, amino acids, 
urea and calcium oxide (CaO) as soil amendments in con-
trolling tomato BW. 

Okamura et al. (2002) reported that the density of R. 
solanacearum in soil was markedly reduced by adding sim-
ple organic compounds that are not utilized by the patho-
gens such as serine and glycine. In contrast, Matsuoka et al. 
(2005) found that the addition of glucose, utilized by the 
pathogen, to pumice culture increased its suppressiveness to 
tomato BW. The main objective of this study was to illus-
trate the efficiency of �-amino butyric acid (�-ABA), Sali-
cylic acid (SA), and CaO + urea used as abiotic inducers for 
reducing the infection of R. solanacearum and its disease 
severity against potato and tomato plants. 

 
MATERIALS AND METHODS 
 
Tomato plants 
 
An experiment was set up in a glasshouse (Potato Brown Rot Pro-
ject, Central Administration of Plant Quarantine, Dokki, Egypt) at 
25°C in the first growth stage then at 22°C till the end of the 
experiment with 75% relative humidity. Tomato (Lycopersicon 
esculentum cv. ‘Pinto’) seedlings were obtained from the Agricul-
tural Research Center, Vegetables Research Institute, Giza, Egypt. 
Tomato seedlings (3-5 leaf stage) were grown in pots 15-cm in 
diameter containing 1.5 kg sandy soil with 3 replicates for each 
treatment. Soil was infested with R. solanacearum. After 48 h 
from culturing on nutrient agar media, a suspension of strain was 
prepared in sterile distilled water (SDW) and adjusted to optical 
density at 600 nm (OD600) = 0.3 (approximately 6 × 108 CFU/ml). 
The inoculum: soil ratio was 1: 10 (v/v). Soil and inoculum was 
mixed thoroughly, placed in polyethylene bags, and incubated at 
30°C. The plants were irrigation daily. 

Different concentrations of �–ABA (0, 20, 40, 80 and 100 
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�g/l), SA (0, 3, 4, 5, 6, 7 and 8 mM), and CaO + urea (0, and 20 g 
CaO + 8.7 g urea/l) were prepared and used for irrigating the 
tested plants. The control plants were irrigated by SDW without 
the tested inducers (�-ABA, SA, or CaO + urea). Wilting of 
tomato plants was recorded after 5 and 10 days (the time needed 
for symptoms appearing) as follows: 
 
% infection = (No. of infected plants/total No. of seedlings) × 100 
 

Disease severity was recorded using the scale adapted by 
Kempe and Sequeira (1983): 0 = no symptoms, 1 = 1-10% of the 
foliage wilted, 2 = 11-30% of the foliage wilted, 3 = 31-60% of 
the foliage wilted, 4 = > 60% but < 100% of the foliage wilted, 
and 5 = all leaves wilted. 

About 10 g of tomato root tissue, which the pathogen can 
penetrate, colonize and concentrate, was cut. Surfaces were steri-
lized by 70-90% ethyl alcohol, then gently-flamed for few seconds. 
The sterilized cut roots were macerated with a mortar and pestle in 
0.05 M phosphate buffer (4.26 g Na2HPO4 and 2.72 g KH2PO4 in 
1.0 L SDW; pH = 7.2) and were shaken for 30 min at 15°C and at 
100 rpm (Innova 4330 Refrigerated Incubator Shaker, USA). 
Thereafter, root extracts were left to settle and 1.0 ml of the super-
natant was pipetted, serially diluted from the original concentra-
tion up to 10-6, then cultured on SMSA media (Elphinstone et al. 
1996) in Petri dishes using a sterilized glass spreader, and incu-
bated at 28°C for 48 h. Then, the total number of single typical 
pure colonies of R. solanacearum was recorded per g of root 
according to the following equation: 
 
Total count of bacterial colonies = colony count/sample weight × 
sample dilution. 
 
Potato plants 
 
Another experiment was designed and conducted with the same 
conditions as previously mentioned for tomato, except that potato 
plants (Solanum tuberosum) commercial cultivar (‘Spunta’) were 
used (15-20-day old seedlings). Symptoms of potato wilt disease 
were recorded after 7 and 14 days, the time needed for symptoms 
appearing. 
 
RESULTS 
 
Table 1 represents the effect of different concentrations of 
�-ABA on the pathogenicity of R. solanacearum to tomato. 
Both percentages of infection and disease severity as well 
as the bacterial count decreased as the concentration of �-

ABA increased up to 20 �g/ml; the infection percentage 
reduced from 50 to 20%, and disease severity from 3 to 2 
after 5 and 10 days from soil infestation, respectively. In-
creasing the �-ABA concentration to 40 �g/mL reduced the 
percent of infection from 13.3% at 5 days to 6.67% infec-
tion after 10 days and disease severity from 2 to 1. However, 
60, 80, and 100 �g �-ABA/ml protected tomato roots 
against infection by bacteria where infection and disease 
severity were zero at 10 days after soil infestation in the 
case of the water control. The lowest concentration able to 
completely protect tomato plants was 80 �g/mL. The bacte-
rial count in tomato roots was also affected by increasing �-
ABA concentration compared to the control. 

Different concentrations of �-ABA decreased both per-
centage of infection and disease severity of R. solanacearum 
in potato plants and bacterial count of invading potato roots 
(Table 2). Disease severity and bacterial count reduced as 
the concentration of �-ABA increased up to 20 �g/mL; with 
the percentage infection reducing from 43.3 to 23.3% and 
disease severity from 3 to 2 after 7 and 14 days from soil in-
festation, respectively. Increasing the �-ABA concentration 
up to 40 �g/mL reduced the percentage of infection from 
12.4 to 8.6% and disease severity from 2 to 1. However, 60, 
80 and 100 �g/mL reduced the percentage of infection and 
disease severity to zero after 7 and 10 days from soil infes-
tation, resembling the water control. The lowest concen-
tration that was able to completely protect potato plants was 
60 �g/mL. The bacterial count in tomato roots was also af-
fected by increasing the �-ABA concentration compared to 
the control. 

Tables 3 and 4 show that different concentrations of SA 
played an important role in reducing bacterial infection and 
disease severity percentages in tomato and potato plants as 
well as the bacterial count in tomato and potato roots. The 
potato plants showed different resistance against bacteria 
with different SA concentrations. Increasing the concentra-
tion of SA decreased the ability of bacteria to colonize 
inside potato roots (Table 4). 

Tables 5 and 6 show that soil amended with CaO + urea 
influenced the presence of R. solanacearum population den-
sity in the soil rhizosphere of both tomato and potato plants, 
leading to the reduction of the infection percentage and 
disease severity compared to the control. The percentage of 
infection, disease severity, and bacterial count were recor-
ded for both tomato and potato plants after wilting appeared 
on leaves (Table 5). A reduction in bacterial population in 
amended soil with CaO + urea was observed by increasing 

Table 1 Effect of different concentrations of �-amino butyric acid (�-ABA) on pathogenicity of R. solanacearum pathogenicity to tomato plants after 5 
and 10 days after soil infestation and count of bacteria in tomato roots on SMSA media. 

After 5 days from soil infestation After 10 days from soil infestation �-ABA concentrations 
(�g/ml) % infection Disease severity % infection Disease severity 

Count/g root × 102 
After 10 days from soil infestation

0 52 3 100 5 136.2×107 
20 50 3 20 2 14.6 
40 13.3 2 6.67 1 0.5 
60 4.2 1 0 0 0 
80 0 0 0 0 0 
100 0 0 0 0 0 
�-ABA control 0 0 0 0 0 
Water control 0 0 0 0 0 
 

Table 2 Effect of different concentrations of �-amino butyric acid (�-ABA) on R. solanacearum pathogenicity to potato plants after 7 and 14 days after 
soil infestation. 

After 7 days from soil infestation After 14 days from soil infestation �-ABA concentration 
(�g/ml) % infection Disease severity % infection Disease severity 

Count/g root × 102 
after 14 days from soil infestation

0 56.3 4 97.8 4 129.3×106 
20 43.3 3 23.3 2 126.3 
40 12.4 2 8.6 1 0.26 
60 0 0 0 0 0 
80 0 0 0 0 0 
100 0 0 0 0 0 
�-ABA control 0 0 0 0 0 
Water control 0 0 0 0 0 
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the time. However, soil amended by CaO + urea showed 
lower bacterial count than that infested without soil amend-
ments (Table 6). 
 
DISCUSSION 
 
These results show that �-ABA played an effective role in 
reducing pathogenicity of R. solanacearum to tomato and 
potato plants as well as the population of bacteria invading 
tomato and potato roots. This effect is because the applica-
tion of �-ABA in soil leads to the induction of both physical 
and biochemical defense mechanisms in both plants. �-
ABA induction causes the accumulation of pathogenesis-
related (PR) protein before challenge (Hwang et al. 1997; 
Ovadia 2001). In similar studies, �-ABA played an impor-
tant role in accumulating phytoalexins (Hwang et al. 1997), 
which is considered as specific mechanism of host defense. 
�-ABA is thought to have the ability to break or cut chemi-
cal signals between tomato and potato roots by changing the 
chemical composition of root exudates secreted by both 
plants and increasing the amount of phenolic compounds 
secreted in plant root exudates (Bais et al. 2004). A single 
foliar spray on tomato with an effective dose of �-ABA in-

duces a variety of physical and biochemical defense mecha-
nisms in plants (Baysal et al. 2007). Pathogen–specific 
defense mechanisms induced by �-ABA may depend not 
only on the plant species but also on the elicitor(s) released 
by the specific pathogen (Hwang et al. 1997). 

In recent years, evidence has been accumulated, in Ara-
bidopsis mutants, showing that �-ABA possesses a large 
spectrum of activity against many disease-causing organisms 
such as virus, bacteria, oomycetes, fungi, and nematodes 
(Jakab et al. 2001), as well as multiple forms of plant acti-
vation against disease (Siegrist et al. 2000; Ovadia 2001; 
Zimmerli et al. 2001, 2008). �-ABA induces the formation 
of pinpoint necrotic spots which were considered by some 
researchers to be involved in systemic acquired resistance 
(SAR) (Siegrist et al. 2000; Zimmerli et al. 2000, 2008). 
Arabidopsis plants treated with �-ABA showed callus 
formation and papillae after a challenged with Peronospora 
parasitica. In tomato challenged with Phytophthora infes-
tans, callus (Jeun et al. 2000; Jeun and Buchenauer 2001) 
and both callus and lignin (Raviv 1994) were observed as a 
result of treating with �-ABA. It thus appears that a physi-
cal barrier(s) induced by �-ABA is pathosystem-specific. �-
ABA is also effective when incorporated (as a powder) into 
the soil, injected into the stem, or applied as a solution to 
bare roots, cut stems, or cut leaves. The concentration of �-
ABA required to achieve effective (~90%) resistance under 
controlled conditions depends on the host, the pathogen, 
and the mode of application. Normally, higher doses are re-
quired in foliar sprays (250-1000 �g/ml) than in soil dren-
ches (20-100 �g/ml), probably because of a more efficient 
uptake through the roots. Higher concentrations (0.5-1% 
solutions) are needed in seed soaking (Cohen 1994, 1996; 
Shailasree et al. 2001). 

In the present study, soil amended with SA influenced 
the presence of R. solanacearum population density in soil 
rhizosphere of both tomato and potato plants. This may be 
because SA played an effective role in the induction signals 
in the mechanism of SAR leading to the reduction of both 
the percentage of infection and disease severity in tomato 
and potato plants as well as the bacterial counts in their 
roots (Raskin 1992; Sticher et al. 1997). SA is initially pro-
posed to bind to catalase and ascorbate peroxidase, which 
might lead to the formation of free radicals involved in lipid 
peroxidation, which can activate defense gene expression 
(Meraux 2001). SA and acetyl salicylic acid (aspirin) was 
considered as a candidate for exogenous applications as 
SAR activator because they are inexpensive and non-phyto-
toxic products (Lopez 1993). 

SA is a key hormone of stress defense responses in-
duced by biotrophic pathogens in plants (Durrant and Dong 
2004; Loake and Grant 2007) involved in the activation of 
defense genes. Besides activating stress defenses, SA is 

Table 3 Effect of different concentrations of salicylic acid (SA) on the 
pathogenicity of R. solanacearum to tomato plants after 10 days of soil 
infestation. 
SA concentration 
(mM) 

% infection Disease severity Count CFU/g 
root × 102 

0 92.4 4 48.3 × 106 
3 44.2 3 6.5 
4 26 2 0.6 
5 18 2 0.02 
6 8 1 0.005 
7 2 1 0.002 
8 0 0 0 
SA control 0 0 0 
Water control 0 0 0 
 

Table 4 Effect of different concentrations of salicylic acid (SA) on the 
pathogenicity of R. solanacearum to potato plants after 14 days of soil 
infestation. 
SA concentration 
(mM) 

% infection Disease 
severity 

Count * 
(CFU/g root × 102)

0 100 5 60 × 106 
5 29.5 2 590 
7 9 1 21.2 
9 0 0 0 
SA control 0 0 0 
Water control 0 0 0 

 

Table 5 Effect of soil amended by calcium oxide (CaO) + urea on R. solanacearum pathogenicity to tomato and potato plants after different periods from 
soil infestation. 

Tomato plants Potato plants 
After 5 days from soil 

infestation 
After 10 days from soil 

infestation 
After 7 days from soil 

infestation 
After 14 days from soil 

infestation 

Treatments 

% infection Disease 
severity 

% infection Disease 
severity 

% infection Disease 
severity 

% infection Disease   
severity 

Infested soil with CaO + urea 20 2 26 2 12 2 22 2 
Infested soil without CaO + urea 94 4 96 4 100 5 100 5 
CaO + urea control 0 0 0 0 0 0 0 0 
Water control 0 0 0 0 0 0 0 0 
 

Table 6 Count of R. solanacearum bacteria in soil amended by calcium oxide (CaO) + urea cultivated with potato plants after time course on SMSA 
media. 

Log10 Count of bacteria on SMSA media (CFU/g dry soil) Treatments 
0 days 3 days 7 days 10 days 14 days 21 days 28 days 

Infested soil with CaO + urea 10.4 8.01 7.1 5.9 5.2 3.4 2 
CaO + urea control 0 0 0 0 0 0 0 
Water control 0 0 0 0 0 0 0 
Infested soil without CaO + urea 10.4 10.1 9.02 8.3 9.5 9.1 8.4 
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known to inhibit jasmonic acid and auxin-mediated respon-
ses enhancing the disease-resistance mechanism (Fujita et 
al. 2006; Ndamukong et al. 2007; Wang et al. 2007). These 
responses allow plants not only to survive pathogen infec-
tion, but also to acquire a long-lasting SAR responsible for 
the protection from further infections by a broad range of 
pathogens (Grant and Lamb 2006). SA is an important natu-
ral component in signal transduction pathways leading to 
the activation of defense responses and SAR of plant against 
viral, fungal, and bacterial pathogens (Alvarez 2000; Fara-
vardeh and Rabbani 2006). SA plays a key role in mediating 
disease resistance in plants, where the endogenous SA con-
centration increases at the site of HR and acts as a signal 
transducer for activation of defense response (Delaney et al. 
1994). Marfa et al. (2001) reported that induced resistance 
in plants can be triggered either by localized infection with 
pathogens or by treatment with certain chemicals such as 
SA and acetylsalicylic acid (ASA). 

Höper and Alabouvette (1996) reported that soil sup-
pressiveness can be due to soil physico-chemical charac-
teristics such as texture, structure, pH, and Ca content. The 
obtained results herein showed that soil amended with CaO 
+ urea influenced the presence of R. solanacearum popula-
tion density in the soil rhizosphere of both tomato and 
potato plants. This amendment leads to the reduction of 
both percentage infection and disease severity compared to 
the control. Amended urea may be transformed to other 
nitrogenous compounds such as nitrite and ammonia that 
affect the occurrence of bacteria. The accumulation of nit-
rite against time leading to an increase in soil pH and nit-
rous acid, which considered the non-ionized form of nitrite 
was accumulated (Tsao and Oster 1981; Tenuta and Lazaro-
vits 2002; Cohen et al. 2005). Reduction in bacterial popu-
lation may be due to the accumulation of nitrite which is 
responsible for the decline of several soil-borne pathogens 
(Smiley et al. 1970; Walker 1971). Also, ammonia was re-
ported to be accumulated (Gilpatrick 1969; Rush and Lyda 
1982) and may play an important role in suppression pro-
cess due to its toxicity. On the other hand, Persson and Ols-
son (2000) found a correlation between the degree of soil 
suppressiveness against root rot of vining pea, Pisum sati-
vum L. and soil Ca, pH and vermiculite-smectite content of 
clay minerals. Elevated Ca levels have been associated with 
suppression of infection by a range of different pathogenic 
fungi (Heyman et al. 2007). Likewise, the increase of Ca 
uptake in tomato shoots was correlated with lower levels of 
disease severity of R. solanacearum (Yamazaki et al. 1996; 
Yamazaki 2001; Messiha et al. 2007). 
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