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ABSTRACT 
 
 Four bioagents i.e. yeast (Saccharomyces cerevisiae), Trichoderma viride, Bacillus subtilis, and 
Pseudomonas fluorescens in addition to humic acid, sulphated canola oil (sulphex 0.5%) and Paclobutrazol 
(PBZ) were applied to study their effect on disease incidence caused by Sclerotium rolfsii. Also, some 
vegetative parameters, tuber yield and enzymes activity of Jerusalem artichokes (Helianthus tuberosus L.) 
plants under field conditions were detected. Results indicated that, under laboratory conditions, all treatments 
significantly reduced the linear growth of Sclerotium rolfsii. The highest reduction was obtained with sulphated 
canola oil (sulphex 0.5%) and Paclobutrazol (PBZ) which reduced the linear growth by 94.4 and 88.9 % 
respectively, followed by B. subtilis which reduced the linear growth by 71.5 %. Meanwhile, T. viride, P. 
fluorescens and yeast (S. cerevisiae) showed moderate effect. Under field conditions results revealed that all 
tested treatments significantly reduced the disease incidence and disease severity of Jerusalem artichokes plants 
as compared with untreated plants during the periods between April and November of 2009 and 2010 growing 
seasons. The highest reduction was obtained with T. viride, B. subtilis, sulphated canola oil (sulphex 0.5%) and 
the fungicide Vitavax-200 which reduced the disease incidence and disease severity more than 70.0 and 54.2% 
respectively. The same trend was observed in the second seasons. Also, all tested treatments significantly 
increased the tested parameters of Jerusalem artichokes plants under field conditions compared with untreated 
plants during 2009 and 2010 growing seasons. As for tuber yield, all tested treatments significantly increased 
the tuber yield of Jerusalem artichokes plants under field conditions. The most effective treatments are T. viride, 
B. subtilis, sulphex 0.5% and fungicide Vitavax-200 which increased the tuber yield by 180.7, 180.7 and 
145.6% respectively in the first season. Meanwhile, a moderate increas in tuber yield was obtained with P. 
fluorescens, humic acid and Paclobutrazol (PBZ) which increased tuber yield more than 93.0%. The same trend 
was observed in the second season. The four bioagents i.e. yeast (S. cerevisiae), T. viride, B. subtilis, and P. 
fluorescens in addition to humic acid, sulphated canola oil (sulphex 0.5%) and Paclobutrazol (PBZ) increased 
the activity of all assessed enzymes compared to untreated control during two growing seasons.  It could be 
suggested that bioagents and safety chemicals could be commercially used for controlling stem rot disease for 
Jerusalem artichokes plants under field conditions. 
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Introduction 
 
 Jerusalem artichoke (Helianthus tuberosus L.) is currently an important crop for production of healthy food 
(Danilcenko et al., 2008). 
 Sclerotium rolfsii can result in yield of Jerusalem artichoke serious losses, especially when grown on land 
previously planted with Jerusalem artichoke or other hosts. It can cause a 60% plant loss in plots which had 
grown the two previous years (Mccarter and Kays, 1984). 
 The application of fungi as biological control agents, especially Trichoderma spp., to control S. rolfsii has 
been attempted (Henis, 1984 and Papavizas & Lewis, 1989). 
 Biological control of different plant diseases was focused primarily using bacteria or filamentous fungi. 
Bacillus subtilis, Pseudomonas fluorescens and yeast (Saccharomyces cerevisiae) also are considered the most 
important genera of antagonistic microorganisms for controlling fungal diseases (Abdel-Kader et al., 2012 and 
Khalifa et al., 2007). Induced resistance in some plants against plant diseases was reported by (Shoresh et al., 
2005; Hoitink et al., 2006 and Abd-El-Kareem et al., 2007). Humic acid is a suspension, based on potassium-
humates, which can be applied successfully in many areas of plant production as a plant growth stimulant or 
soil conditioner for enhancing natural resistance against plant diseases and pests (Scheuerell and Mahafee 
2004). Amending soil with sulphated canola oil for controlling the plant pathogen S. rolfsii and improving the 
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nutrient status of the grown plant. In this concern, the elemental sulfur also had long been used as an excellent 
fungicide (Cooper et al., 1996 and Williams & Cooper, 2004). Treating plants with the growth retardant, 
Paclobutrazol (PBZ) compounds are potential growth regulators which lessen shoot elongation and biomass and 
thus minimizing the plant nutrient requirements (Asm et al., 2007; Yim et al., 1997) without affecting the 
quantity or quality of the obtained yield even under extreme environmental conditions (Abdel Rahim et al., 
2011 and Wheaton, 1989). 
 Moreover, Paclobutrazol (PBZ) has fungicide properties for some soil-born pathogens (Bolu & Cimen, 
2006 and Cimen et al., 2004) 
 The current research aimed to evaluate the effect of different bioagents, i.e. yeast (S. cerevisiae), T. viride, 
B.subtilis and P. fluorescens in addition to the effects of humic acid, sulphated canola oil (sulphex 0.5%) and 
Paclobutrazol (PBZ) on the stem rot disease of jerusalem artichoke caused by Sclerotium rolfsii compared with 
the fungicide Vitavax -200 under field conditions. 
 
Materials and Methods 
 
1- Source of the materials: 
 
 A white moldy layer with small, smooth and brown sclerotia was detected in the parts of tubers of the 
Mammoth French White cultivar in Vegetables Farm of Hortculture Dept., Fac. of Agric., Benha Univ. Egypt, 
which was initially identified as Sclorotium rolfsii infection according to Schwartz et al., (2005). Further 
confirmation of S. rolfsii was obtained through the morphological characteristics identified under the 
microscope by the Dept. of Fungal Taxonomy, Plant Pathol. Res. Instit., Agric. Res. Cent. (ARC), Giza - Egypt. 
 The tested bioagents i.e. Trichoderma viride, Bacillus subtilis and Pseudomonas fluorescens were kindly 
obtained from Botany Dept., Fac. of Agric., Benha Univ. Egypt. Meanwhile, yeast (Saccharomyces cerevisiae) 
was obtained from Microbiol. Microbiol. Res. Cent., Cairo MIRCEN, Ain Shams Univ., Egypt.  
 Humic acid was of analytical grade with a purity of 99% (obtained from Fluka Chemika). A solution of 
80mgL-1 was prepared from humic acid using deionized water. 
 Canola oil (100% pure oil) was obtained from Al-Ghurair Foods (LLC), Dubai under the trade name 
“Jenan”. sulphated canola oil (sulphex 0.5%) was prepared according to Pohoreski (2004) by adding 477 mL of 
analar H2SO4 to three kilograms of raw canola oil and the mixture was allowed to stand for 18h. Afterwards, 
3.88 L of NaOH (3N) was added slowly to the mixture and left for 24h. Sulphated oil was then removed from 
the top of the mixture, diluted with deionized water at a rate of 1 part to 4 parts and the pH of the resultant 
solution was then adjusted to pH 4 using 3N NaOH. Fifty milliliters of the prepared sulphex solution was then 
diluted with deionized water to 10L to obtain sulphex (0.5%). 
 Paclobutrazol (PBZ) plant growth retardant (250gL-1) was obtained from syngenta under the commercial 
name “Cultur”. A stock solution of PBZ of 40 mg L-1 was prepared using deionized water. 
 Tuber seeds of the Mammoth French White cultivar were obtained from Hortculture Dept., Fac. of Agric., 
Benha Univ. Egypt. 
 
2- Laboratory experiment: 
 
Evaluation of some bioagents and safety chemicals on the growth of Sclerotium rolfsii in vitro: 
 
 Four bioagents, i.e. yeast (S. cerevisiae), T. viride, B. subtilis and P. fluorescens and were tested for their 
antagonistic effect against the pathogenic fungus in vitro conditions. Cultures of pathogenic and antagonistic 
fungi grown on potato dextrose agar (PDA) medium for 5 days as well as bacterial cultures which were grown 
in nutrient broth for 2 days were used in this study. Mycelial disk (6 mm diameter) of pathogenic fungus 
Sclerotium rolfsii was transferred singly to 1 cm apart from the Petri plates (9 cm diameter) edge containing 
PDA medium. The efficacy of the P. fluorescens, B. subtilis and yeast (S. cerevisiae) were tested by streaking 
the bacteria or yeast (S. cerevisiae) at one side of the Petri plate opposite to the test pathogen. 
 Disk of T. viride and disk of Sclerotium rolfsii was placed on opposite sides of Petri plates containing PDA 
medium. 
 The inhibitory effect of humic acid, sulphex (0.5%) and Paclobutrazol (PBZ) plant growth retardant 
(250gL-1) against linear growth of S. rolfsii was evaluated. Humic acid at concentration 0.8ml/100ml, sulphex at 
concentration 0.5mL /100mL and Paclobutrazol (PBZ) plant growth retardant (250gL-1) at 
concentration0.016mL /100mL were added to 250mL conical flasks containing 100mL sterilized PDA medium 
before its solidifying and rotated gently then disbanded into sterilized Petri-plates (9cm diameter). Plates were 
individually inoculated at the centre with equal disks (6 mm diameter) taken from 5 days old cultures of S. 
rolfsii.  
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 Plates with no antagonists served as control for the pathogen. Inoculated plates were incubated for 5 days at 
27°C. Four plates for each particular treatment were used as replicates. The percent of growth inhibition of the 
test pathogen was calculated using the formula according to Jane et al 2011 as follows. 
 
I= (C-T /C)×100 
 
Where, I= Percent inhibition (Reduction), C= Growth of the pathogen in control Petri plate and T= Growth of 
the pathogen in treatment. 
 
3- Field experiments: 
 
3.1- Preparation of bioagents and safety chemicals: 
 
 The antagonistic bacteria ,i.e. P. flourescens and B. subtilis were grown in nutrient broth medium, while 
yeast (Saccharomyces cerevisiae) was grown on nutrient yeast dextrose broth medium (NYDB) (Abd-Alla et 
al., 2007). All tested bacteria and yeast were incubated in a rotary shaker at 200 rpm for 48 h at 28 ± 2°C. The 
bacterial and yeast cells suspensions were adjusted to 3x106 cfu/ml (Omar et al., 2011). Both T. viride and S. 
rolfsii were grown in 500 ml. glass bottles contained autoclaved sand-barley medium (1:3 w:w and 40% water). 
Autoclaved bottles, containing the medium, were inoculated with any of S. rolfsii and T. viride and incubated 
for 15 days at 28± 2°C. Humic acid, sulphated canola oil (sulphex 0.5%) and Paclobutrazol (PBZ) were 
prepared as mentioned above.  
 
3.2- Field Preparation 
 
 A field has a back history of natural infestation with S. rolfsii, (located at vegetables Farm of Hort., Fac. 
Agric. Moshtohor, Benha Univ., Egypt) was chosen to carry out this experiment. An experiment was conducted 
to evaluate role of the tested bioagents, i.e. yeast (Saccharomyces cerevisiae), Trichoderma viride, Bacillus 
subtilis, and Pseudomonas fluorescens in addition to humic acid, sulphated canola oil (sulphex 0.5%) and 
Paclobutrazol (PBZ) in reducing disease incidence, some vegetative parameters, tuber yield and enzymes 
activity of Jerusalem artichokes (Helianthus tuberosus L.) during the periods between April and November of 
2009 and 2010. The field was prepared for sowing tuber as usual. Mechanical and chemical analyses of the field 
soil are presented in Table (1). A field experiment, consisted of plots area of 10.5m2 (3×3.5m) each comprised 
of 3 rows and 5 hill/row, was conducted in Complete Randomized Block Design with three replicates (plots) for 
each treatment as well as control. Tuber of the Mammoth French White cultivar were used in all treatments at 
rate of one tuber / hill planted by hand 50 cm apart 10 cm deep. NPK fertilizers were applied to the 
experimental areas prior to planting at rates of 50 kg N, 25 kg P2O5 and 25 kg K2O per  feddan. 
 
Table 1: Physical and chemical analyses of field soil during two growing seasons 2009 and 2010. 

Soil characteristics Season 2009 Season 2010 
Coarse sand (%) 2.00 2.2 

Fine sand (%) 23.41 24.71 
Silt (%) 33.45 36.0 

Clay (%) 41.14 46.4 
Textural class Clay loam Clay loam 

CaCO3 (g kg-1) 25.10 22.10 
Organic matter (g kg-1) 1.51 2.35 

pH 7.83 7.67 
EC (dS m-1) 2.43 2.17 

Total N (mg kg-1) 2154.00 2139.00 
Available P (mg kg-1) 43.12 41.1 

 
3.3- Soil infestation: 
 
 Soil infestation with inocula of the tested bioagents was carried out by using 360g of T. viride inoculum 
/row and 500ml (3X106 cfu/ml) / row for B. subtilis, P. flourescense and yeast (S. cerevisiae). The inoculum 
was incorporating with the top 20cm of soil surface of the rows just before sowing (El-Mougy, 2001). 
Meanwhile Paclobutrazol (40mgL-1) was added at a rate of three liter per plot, sulphated canola oil (sulphex 
0.5%) was added at a rate of 1 L per plot and Humic acid was added at a rate of, portions of 16g humic acid 
mixed thoroughly with one and half kilograms of soil were added to experimental plot (equivalent to of 16kg 
ha-1). Tubers dressed with Vitavax-200 at a rate of 5g/kg tubers were used for comparison. The ends of each 
row were discarded; the central row per plot was harvested, by hand at November. Tops were cut at ground 
level and fresh weights were recorded at harvest. Dry weights of tops were determined on samples of 100g per 
plant. Samples were dried at 80'C in a forced-air drier for 3 days. Tubers were dug, washed free of soil, wiped 
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dry, and fresh weights were recorded.  
 % Disease incidence was recorded at the end of study according to El-Shafey et al. (1988) as follows: 

% Disease incidence = (infected plants / total plants) ×100. 
 The tubers showing apparent rotting were considered infected and the tubers without these symptoms were 
considered healthy according by Sennoi et al., (2010). 
 % Disease severity were calculated using Scale of 0-5 scale of Shahzad & Ghaffar (1992) where 0=0, l=l- 
10, 2=11-25, 3=26- 50, 4=51-75 and 5=75-100% root pieces colonized by the pathogen. 
 % Disease severity = (Σ (n × r) / 5N) X 100 
Where: n = number of plants in each numerical rate (r0...r5). r = numerical values of each category, r0.....r5. 
            N = the total number of plants multiplied by the maximum numerical rate r5 (Liu et al., 1995). 
 
4. Determination of enzymes activity: 
 
 The four tested bioagents, Humic acid, sulphated canola oil (sulphex 0.5%) and Paclobutrazol (PBZ) as 
well as the fungicide Vitavax-200 were evaluated for their effect on the activity of peroxidase, 
polyphenoloxidase and chitinase in tubers. 
 
4.1. Extraction of enzymes: 
 
 Five grams of tubers were taken from different treatments, ground in a mortar in presence of purified sand 
plus 4ml of 0.1M sodium phosphate buffer (pH 7.1) (Tuzun et al., 1989). The homogenate of each sample was 
filtered through four layers of cheesecloth then filtrates were centrifuged at 3000 rpm for 20min. at 6°C. The 
obtained supernatant fluids (crude enzyme extracts) were used for assaying activities of peroxidase, 
polyphenoloxidase (PPO) and chitinase enzymes at 425, 420 and 540nm, respectively using Spectrophotometer 
(Spectronic 20-D). Enzyme extract was replaced" by distilled water in control blank cuvette. Changes in 
absorbency for all previous enzymes were recorded. The activity of peroxidase enzyme was determined 
according to (Allam and Hollis, 1972), polyphenoloxidase enzyme (Matta and Dimond, 1963) and chitinase 
enzyme (Boller and Mauch, 1988). 
 
Statistical analysis: 
 
 Data collected were analyzed with the statistical analysis system (CoStat Pro. 2005). All multiple 
comparisons were first subjected to analysis of variance (ANOVA). The differences between the mean values 
of various treatments were compared by Duncan's multiple range test (Duncan, 1955). 
 
Results: 
 
1- Effect of some bioagents and safety chemicals on the growth of Sclerotium rolfsii in vitro: 
 
 Four bioagents, i.e. yeast (S. cerevisiae), T. viride, B. subtilis and P. fluorescens in addition to humic acid, 
sulphated canola oil (sulphex 0.5%) and Paclobutrazol (PBZ) were tested for their effect on the growth of 
pathogenic fungus Sclerotium rolfsii in vitro. Data in Table (2) indicate that all treatments significantly reduced 
the linear growth of Sclerotium rolfsii. The highest reduction was obtained with sulphated canola oil (sulphex 
0.5%) and Paclobutrazol (PBZ) which reduced the linear growth by 94.4 and 88.9% respectively. Followed by 
B. subtilis which reduced the linear growth by 71.5%. Meanwhile, yeast (S. cerevisiae), T. viride and P. 
fluorescens showed moderate effect. 
 
Table 2: Effect of some bioagents and safety chemicals on the growth of Sclerotium rolfsii in vitro. 

Bioagent Sclerotiom rolfsii 
linear growth (mm) Reduction % 

Yeast (Sacchromyces serivisae) 36.67 c  (1) 59.27 
Trichoderma viride 31.67 c 64.83 

Bacillus subtilis 25.67 d 71.50 
Pseudomonas  fluorescens 34.00 c 62.23 

Humic acid 78.33 b 12.97 
Sulphated canola oil (sulphex 0.5%) 5.00 e 94.40 

Paclobutrazol (PBZ) 10.00 e 88.90 
Control 90.00 a ---- 

1- Figures with the same letter are not significantly different (P = 0.05) 
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2- Effect of some bioagents and safety chemicals on the disease incidence and disease severity of Jerusalem  
artichokes under field conditions during 2009 and 2010 growing seasons:  
 

 Four bioagents i.e. yeast (S. cerevisiae), T. viride, B. subtilis and P. fluorescens in addition to humic acid, 
sulphated canola oil (sulphex 0.5%) and Paclobutrazol (PBZ) were applied to study their effects on disease 
incidence, % Disease severity, some vegetative parameters and tuber yield of Jerusalem artichokes plants under 
field conditions. Results in Table (3) illustrate that, all tested treatments significantly reduced the disease 
incidence and disease severity of Jerusalem artichokes plants as compared to untreated plants (control) during 
two growing seasons. The highest reduction was obtained with T. viride, B. subtilis, sulphated canola oil 
(sulphex 0.5%) and the fungicide (Vitavax-200) which reduced the disease incidence and disease severity more 
than 70.0 and 54.2 % respectively in the first season and more than 77.8 and 61.0 % for disease incidence and 
disease severity respectively in the second seasons. Meanwhile, yeast, P. fluorescens, Paclobutrazol (PBZ) and 
Humic acid showed moderate effect in both seasons.  
 
Table 3: Effect of some bioagents and safety chemicals on the disease incidence and disease severity of Jerusalem artichokes under field 

conditions during 2009 and 2010 growing seasons. 
Treatments First season 2009 Second season 2010 

% 
Disease 

incidence 

% 
Reduction 

% 
Disease 
severity 

 

% 
Reduction 

% 
Disease 

incidence 

% 
Reduction 

% 
Disease 
severity 

% 
Reduction 

Yeast (Sacchromyces serivisae) 33.3 b (1) 50.1 60.0 b 35.7 26.7 b 55.5 41.3 b 47.5 
Trichoderma viride 20.0 c 70.0 42.0 d 55.0 13.3 c 77.8 30.7 c 61.0 

Bacillus subtilis 20.0 c 70.0 42.7 d 54.2 6.7 c 88.8 25.3 c 67.9 
Pseudomonas  fluorescens 26.7 c 60.0 50.7 c 45.7 20.0 b 66.7 36.0 b 54.3 

Humic acid 33.3 b 50.1 50.7 c 45.7 20.0 b 66.7 41.3 b 47.5 
Sulphated canola oil (sulphex 0.5%) 20.0 c 70.0 42.0 d 55.0 13.3 c 77.8 30.7 c 61.0 

Paclobutrazol (PBZ) 26.7 c 60.0 50.7 c 45.7 20.0 b 66.7 41.3 b 47.5 
Fungicide  (Vitavax-200) 20.0 bc 70.0 41.3 d 55.7 13.3 c 77.8 30.6 c 61.1 

Control 66.7 a 0.0 93.3 a 0.0 60.0 a 0.0 78.7 a 0.0 
1- Figures with the same letter are not significantly different (P = 0.05) 
 
3- Effect of some bioagents and safety chemicals on some crop parameters of Jerusalem artichokes under filed 
conditions during 2009 and 2010 growing seasons: 
 
 Results in Table (4) show that, all tested treatments significantly increased the all tested parameters of 
Jerusalem artichokes plants under field conditions compared with untreated plants (control) in the two growing 
seasons. As for tuber yield, all tested treatments significantly increased the tuber yield of Jerusalem artichokes 
plants under field conditions. The most effective treatments are T. viride, B. subtilis and sulphated canola oil 
(sulphex 0.5%) which increased the tuber yield by 180.7, 180.7 and 145.6% respectively in the first season. 
Meanwhile, a moderate increase in tuber yield was obtained with yeast (Sacchromyces serivisae), P. 
fluorescens, Humic acid, Paclobutrazol (PBZ) which increased tuber yield more than 93.0%. During the second 
growing season the increase in tuber yield seemed to be insignificant between the different treatments however 
still higher than the control. 
 
Table 4: Effect of some bioagents and safety chemicals on some crop parameters of Jerusalem artichokes under filed conditions during 

2009 and 2010 growing seasons. 
Treatments FW(2) Shoot g/plant DW(3) Shoot g/plant Tubers Yield 

kg/plant % increase 

Fi
rs

t s
ea

so
n 

20
09

 

Yeast (Sacchromyces serivisae) 680.0 a(1) 226.7 ab 1.2 b 110.5 
Trichoderma viride 720.0 a 206.7 ab 1.6 a 180.7 

Bacillus subtilis 863.3 a 236.7 ab 1.6 a 180.7 
Pseudomonas  fluorescens 650.0 a 183.3 b 1.1 b 93.0 

Humic acid 77.5.0 a 228.3 ab 1.1 b 93.0 
Sulphated canola oil (sulphex 0.5%) 876.7 a 260.0 a 1.4 a 145.6 

Paclobutrazol (PBZ) 766.7 a 226.7 ab 1.3 b 128.1 
Fungicide (Vitavax-200) 780.0 a 236.7 ab 1.1 b 93.0 

Control 366.7 b 120.0 c 0.57 c --- 

Se
co

nd
 se

as
on

 2
01

0 

Yeast (Sacchromyces serivisae) 1233.3 ab 460.9 a 1.3  a 91.2 
Trichoderma viride 800.0 c 280.6 b 1.5 a 120.6 

Bacillus subtilis 933.3 bc 309.2 b 1.4 a 105.9 
Pseudomonas  fluorescens 1333.3 a 468.1 a 1.3  a 91.2 

Humic acid 1066.7 abc 396.0 ab 1.3  a 91.2 
Sulphated canola oil (sulphex 0.5%) 870.0 c 337.4 b 1.2  a 76.5 

Paclobutrazol (PBZ) 950.0 bc 347.3 b 1.3  a 91.2 
Fungicide  (Vitavax-200) 850.0 c 286.1 b 1.3  a 91.2 

Control 483.3 d 155.5 c 0.68 b ---- 
1- Figures with the same letter are not significantly different (P = 0.05) 
2- Fresh weight. 
3- Dry weight. 
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4- Effect of some bioagents and safety chemicals on the enzymes activity of Jerusalem artichokes tubers under 
filed conditions during 2009 and 2010 growing seasons: 
 
 Results presented in the Table (5) reveal that, all treatments increased the activity of all assessed enzymes 
compared to untreated control during the two growing seasons. During the first season the highest increase was 
obtained with T. viride, B. subtilis, P. fluorescens, humic acid and sulphated canola oil (sulphex 0.5%) which 
increased the chitinase, peroxidase and polyphenol oxidase more than 150.0, 287.5 and 130.6% respectively. 
Meanwhile Paclobutrazol (PBZ) and yeast (S. cerevisiae) treatments showed moderate increase. The same trend 
was observed in the second season. 
 
Table 5: Effect of some bioagents and safety chemicals on the enzymes activity of Jerusalem artichoke tubers under filed conditions during 

2009 and 2010 growing seasons. 
Treatment Chitinase Peroxidase Polyphenol- oxidase (PPO) 

Activity(2) % Increase Activity(3) % Increase Activity(4) % Increase 

Fi
rs

t s
ea

so
n 

20
09

 

Yeast (Sacchromyces serivisae) 1.4 d(1) 55.6 8.9 c 217.9 6.5 b 80.6 
Trichoderma viride 2.3 ab 150.0 11.3 a 305.0 8.4 a 133.3 

Bacillus subtilis 2.3 ab 150.0 10.9 a 287.5 8.3 a 130.6 
Pseudomonas  fluorescens 2.5 a 173.3 11.2 a 300.0 8.6 a 138.9 

Humic acid 2.3 ab 150.0 11.3 a 302.5 8.6 a 138.9 
Sulphated canola oil (sulphex 0.5%) 2.3 ab 150.0 10.9 a 287.5 8.3 a 130.6 

Paclobutrazol (PBZ) 1.8 c 100.0 9.1 b 225.0 6.3 b 75.0 
Fungicide  Vitavax-200 1.5 d 66.7 9.5 b 239.3 6.4b 77.8 

Control 0.90 e 0.0 2.8 d 0.0 3.6 d 0.0 

Se
co

nd
 se

as
on

 2
01

0 

Yeast (Sacchromyces serivisae) 2.0 c 75.0 10.0 71.1 8.1b 113.5 
Trichoderma viride 2.6 a 112.5 13.5 a 126.7 8.9 a 134.2 

Bacillus subtilis 2.6 a 112.5 13.5 a 126.7 8.9 a 134.2 
Pseudomonas  fluorescens 2.9 a 137.5 14.0 a 139.5 9.0 a 136.8 

Humic acid 2.5 b 105.0 13.8 a 137.1 9.0 a 136.8 
Sulphated canola oil (sulphex 0.5%) 2.6 a 112.5 13.5 a 131.1 7.0 c 84.2 

Paclobutrazol (PBZ) 2.0 b 62.5 13.5 a 131.1 7.1 c 86.8 
Fungicide  Vitavax-200 2.0 b 69.2 13.1 a 124.1 7.1 c 86.8 

Control 1.2 c 0.0 5.8 b 0.0 3.8 d 0.0 
1- Figures with the same letter are not significantly different (P = 0.05). 
2- Chitinase activity was expresses as mM N-acetyl glucose amine equivalent released / gram fresh weight tissue / 60 minutes. 
3- peroxidase activity was expressed as the change in absorbance (O.D) / minute/gram fresh weight. 
4- The polyphenoloxidase activity was assayed as the change in absorbency (O.D) / minute/gram fresh weight. 
 
Discussion: 
 
 Jerusalem artichokes (Helianthus tuberosus L.) is currently an important crop for production of health food 
(Danilcenko et al., 2008) Improvement of Jerusalem artichoke genotypes with resistance to stem rot caused by 
the soil borne fungus Sclerotium rolfsii is a sustainable means for controlling the disease (Sennoi et al., 2012). 
The crop produces substantial amounts of the carbohydrate inulin rather than starch in its tubers. Because inulin 
is absorbed by the human body at lower rates than starches it can prevent obesity, enhance immunity, and 
reduce blood cholesterol and the risk of insulin-dependent diabetes mellitus (type 2) and heart disease (Orafti, 
2005). Jerusalem artichoke is also used to produce a variety of products such as animal feed (Zaky, 2009), and 
bio-ethanol (Yildiz et al., 2006). 
 Sclerotium rolfsii causes the disease known as southern blight in a wide variety of crops. There is a growing 
need to develop alternative approaches for controlling plant. Biological control agents are risk free both for 
environment and non-target organisms, and could reduce the use of chemical products. Most biocontrol agents 
(BAs) have varied performance in different environmental conditions. Some of this variability has been 
attributed to differences in physical and chemical properties found in natural environments where biocontrol 
agents are applied (Thomashow & Weller, 1996 and Duffy et al., 1997). In the present study results indicated 
that under laboratory conditions, all bioagents significantly reduced the linear growth of Sclerotium rolfsii. 
Moreover, under field conditions results indicated that all bioagents, humic acid, sulphated canola oil (sulphex 
0.5%) and Paclobutrazol (PBZ) significantly reduced the disease incidence caused by S. rolfsii. All bioagents, 
humic acid, sulphated canola oil (sulphex 0.5%) and Paclobutrazol (PBZ) significantly increased shoot and root 
dry and fresh weight. All tested bioagents, humic acid, sulphated canola oil (sulphex 0.5%) and Paclobutrazol 
(PBZ) caused an increase in peroxidaes, polyphenol oxidase and chitinas activities. As for tuber yield, all tested 
treatments significantly increased the tuber yield of Jerusalem artichokes plants under field conditions. The 
most effective treatments are T. viride, B. subtilis, sulphated canola oil (sulphex 0.5%) and fungicide Vitavax-
200 which increased the tuber yield by 180.7, 180.7 and 145.6% respectively, in the first season. Meanwhile a 
moderate increase in tuber yield was obtained with P. fluorescens, humic acid and Paclobutrazol (PBZ) which 
increased tuber yield more than 93.0 %. The same trend was observed in the second season. 
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 In this respect bacterial species like Bacillus, Pseudomonas, have been proved in controlling the fungal 
diseases. Bacteria identified as plant growth promoting rhizobacteria and biocontrol strains often belong to the 
following genera i.e. Bacillus (Nair, et al., 2002), and Pseudomonas (Mark et al., 2006). Moreover, 
Pseudomonas spp. received great attention as biocontrol agent because of their catabolic versatility, excellent 
root-colonizing abilities and production of broad range antifungal metabolites such as 2,4- 
diacetylphloroglucinoal (DAPG), pyoluteorin, pyrrolnitrin and phenazines (Chin-A-Woeng et al., 2001; 
Raaijmaker et al., 2002). 
 Pseudomonas fluorescens is considered as an important group of the antagonistic bacteria where it was 
effective against several soilborne pathogens in field and greenhouse trails (Jayashree et al., 2000 and 
Karunanithi et al., 2000). 
 Yeast (Saccharomyces cerevisiae) is considered a new promising plant growth promoting yeast (S. 
cerevisiae) for different crops. It became in the last few decade a positive alternative to chemical fertilizers 
safely used for human, animal and environment (Omran, 2000). Due to its cytokinin content, yeast (S. 
cerevisiae) treatments were suggested to play a beneficial role in cell division and cell enlargement (Natio et 
al., 1981). In this respect, (Whipps, 2001) reported that application of yeasts as biocontrol agents acts as a new 
trend against different pathogens. Potential use of yeasts as biocontrol agents of soil-borne fungal plant 
pathogens and as plant growth promoters were recent investigated by El-Tarabily and Sivasithamparam (2006). 
El-Tarabily (2004) reported that the fungal activities of Rhizoctonia solani diseased sugar beet plants were well 
suppressed by using different yeasts. Wide varieties of yeasts have been used extensively for the biological 
control of post-harvest diseases of fruits and vegetables (Punja, 1997 and Zheng et al., 2003), against moulds of 
stored grains (Petersson et al., 1999). Furthermore, Mukherjee & Raghu (1997) observed that Trichoderma 
spp., were highly effective in suppressing S. rolfsii on ginger rhizomes and on several vegetables in storage. 
Trichoderma spp., have been used for the control of a variety of fungal pathogens like Rhizoctonia, Sclerotinia 
sclerotiorum, Pythium and Fusarium spp. (Lewis & Lumsden, 2001). Production of the antifungal antibiotics, 
gliotoxin and gliovirin, by T. virens has been associated with its efficacy as a biocontrol agent of most soil- 
borne diseases (Highley et al., 1997). T. viride has shown promise as a preventive treatment for the control of 
Rhizoctonia solani (Howell & Stipanovic, 1995). Trichoderma spp., also produce organic acids, such as 
gluconic, citric or fumaric acids, that decrease soil pH and permit the solubilization of phosphates, 
micronutrients and mineral cations like iron, manganese and magnesium, useful for plant metabolism (Benitez 
et al., 2004 and Harman et al., 2004). It is well documented that some strains promote plant growth, increase 
nutrient availability, improve crop production and enhance disease resistance (Harman et al., 2004). Also Rekha 
et al., (2012) found that isolates Tri-13 (T. viride) and Tri-29 (T. viride) reduced the growth of S. rolfsii through 
volatile metabolites compare to other tested isolates and control. Similarly, Chakrabortys and Bhawmik (1985) 
reported that T. viride and T. harzianum were highly effective in the control of sunflower collar rot caused by S. 
rolfsii. 
 Humic acid stimulation plant growth through increased cell division, as well as optimized uptake of 
nutrients and water (Chen et al., 2004). Moreover, humic acid stimulated the soil microorganisms (Qualls 
2004). Furthermore, Scheuerell & Mahaffee, (2004) and (2006) reported that the most effective treatments for 
suppression damping off in many plants and gray mould in Geranium were compost tea plus kelp extract and 
humic acid. Abd-El-Kareem, (2007) reported that bean plants treated with humic acid induced resistance 
against root rot and Alternaria leaf spot in addition to increase bean yield under field conditions. 
 Amending soil with sulphated canola oil (sulphex 0.5%) on controlling the plant pathogen S. rolfsii and 
improving the nutrient status of the grown plant. In this concern, the elemental sulfur also had long been used as 
an excellent fungicide (Williams and Cooper, 2004), beside of the antifungal activity of the essential oils in 
controlling S. rolfsii (Bulluck and Ristaino, 2002 and Kottearachchi et al., 2012). Probably the volatile 
compounds produced through the decomposition of oil in soil are toxic for S. rolfsii (Maiti and Sen, 1984). 
Thus a diluted sulfur containing oil can sucessfully be used in controling the pathogen (Pohoreski, 2004). 
Furthermore, the containing sulphur can reduce soil pH and increase the solubility and availability of soil 
micronutrients and phosphate for the grown plants (Chien et al., 2011 and Pohoreski, 2004). 
 Treating plants with the growth retardant, Paclobutrazol (PBZ) compounds are potential growth regulators 
which lessen shoot elongation and biomass and thus minimizing the plant nutrient requirements (Asm et al., 
2007) without affecting the quantity or quality of the obtained yield even under extreme environmental 
conditions (Abdel Rahim et al., 2011; Wheaton, 1989). Moreover, Paclobutrazol (PBZ) has fungicide properties 
for some soil- born pathogens (Bolu and Cimen, 2006 and Cimen et al., 2004). 
 It is worthy to mention that this hormon has no hazardous effect on soil microbial population or activity 
(Silva et al., 2003) and can efficiently bio-degradated by means of certain microbes (Chen et al., 2010). These 
agrochemicals can be used either through foliar spray or as a soil amendment (Bolu and Cimen, 2006) 
 It could be suggested that bioagents as safety method could be commercially used for controlling stem rot 
disease under field conditions. 
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