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ABSTRACT 
 

Using AM fungus, Glomus macrocarpum, when inoculated in combinations with different rates of calcium 
chloride as dipping treatment and/or gypsum as soil treatment were significantly effective for reducing 
incidence onion white rot disease caused by Sclerotium cepivorum, under artificially and naturally conditions in 
greenhouse and field trials, respectively compared with untreated control. Also, treatments increased fresh and 
dry weight under greenhouse conditions as well as increased onion bulb yield in field trials. The superior 
treatments were obtained by combined treatments of AM and gypsum at 1.0 and/or 1.5 ton/fed. with calcium 
chloride at 4% and 2% which gave the highest reduction of white rot disease incidence under greenhouse and 
field trials during the two growing seasons. Pectolytic enzyme activity of both polygalacturonase (PG) and 
pectin methylestrase (PME) in onion plant tissue resulted from the tested treatments under artificially conditions 
were significantly decreased by different treatments of AM, gypsum and calcium chloride. Integration of 
gypsum, calcium chloride and AM gave the maximum performance of AM root infection percent and number of 
their spores in soil more than without AM in natural soil as well as increase total calcium (Ca++) concentration 
in plant and soil. 
 
Key words:  Onion white rot, Sclerotium cepivorum, AM fungi, Glomus macrocarpum, gypsum and calcium 

chloride.  
 

Introduction 
 

Onion (Allium cepa L.) is the most widely cultivated Allium species in Egypt. Onion production has been 
significantly reduced in the last years due to white rot disease caused by Sclerotium cepivorum Berk (Jones, 
2010). Onion white rot disease is widely distributed in Egypt and considered a limiting factors especially in 
upper Egypt for onion cultivation, production and exportation (Saad, Amany, 2009 and Mohamed, Hala, 2012). 
The pathogen produces numerous long-lived small size survival structures (sclerotia) that can last for many 
years in the soil which aid in survival of the pathogen, and considered as a primary source of inoculum (Jones, 
2010).  

Calcium has many roles in the plant. It has a critical metabolic role in carbohydrates removal, cell wall 
deposition and formation of pectates in the middle lamella (El-Neshawy, Saneya et al., 2004). A high proportion 
of because of its role in cell wall architecture, Ca is considered important in determining cell wall strength and 
firmness in fruits and vegetables (Coolong and Randle, 2008). In addition to improvements in firmness, Ca 
applications can enhance disease resistance in some crops (Conway et al., 1991). Onions grown on low-calcium 
(Ca) soils are softer and more susceptible to disease than on high- Ca soils. Furthermore calcium play an 
important role in reducing of many plant diseases by directly inhibiting fungal growth, decreasing the 
production by fungi of cell-wall-degrading enzymes, and/or by being incorporated into the cell wall, thus 
making it less accessible to cell wall-degrading enzymes produced by the pathogens (Sugimoto et al., 2008 and 
Mahmoud et al., 2009).  

Arbuscular mycorrhizal (AM) fungi are beneficial plant symbionts that form a mutualistic relationship with 
the roots of most crop plants. Mycorrhizal fungi, upon root colonization, develop an external mycelium which is 
a bridge connecting the root with the surrounding soil microhabitats. AM fungi enhance the uptake of nutrients 
of low mobility in the soil solution such as P, Ca, Zn, and Cu, but they have many other impacts on crop 
productivity (Bethlenfalvay, 1992). It reduces damage of plants caused by plant pathogens and benefits the host 
plant primarily by increasing the capability of the root system to absorb and translocate phosphors and 
microelements through on extensive network of hyphae external to the root (Siddiqui et al., 2008). Furthermore 
act as biocontrol agents against root and soil borne pathogens (Khalifa 1997; El-Fiki et al. 2004 Mahmoud et al. 
2008 and Khalifa et al. 2010).  
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The present study was conducted to investigate the effect of integration between AM fungus Glomus 
macrocarpum and two calcium sources i.e. calcium chloride as dipping treatment and/or gypsum as soil 
treatment for suppression onion white rot disease.  
 
Materials and Methods 
 
1. Greenhouse Experiment: 

 
Pot experiment was carried out in a randomized complete block design at Agriculture Research Center, 

Giza. Two arbuscular mycorrhizal (AM) treatment i.e. with and without Glomus macrocarpum (obtained from 
Onion, Garlic and Oil crops Dept., Plant Path. Res. Inst., Giza) were used in this study, as well as two mineral 
Ca sources i.e. pure calcium chloride (CaCl2 36.4% calcium and 63.6% chloride) and fine gypsum calcium 
(CaSO4+2H2O by weight it is 79% calcium sulfate and 21% water and it has 23% calcium and 18% sulfur).  

The AM fungus G. macrocarpum (a soil based preparation containing AM propagules “spores and 
colonized roots”) was added to natural potted soil just before planting at rate of 100g/pot provided 3x103 - 5x103 
AM spores/pot (Ferguson and Woodhead, 1984). While Calcium chloride (CaCl2) was used as dipping treatment 
before planting at 0, 1, 2 and 4% (w/v), however, the gypsum calcium-source was added before planting at rates 
of 0.0, 0.5, 1.0 and 1.5 ton/fed. equal 0.0, 60, 120 and 180 gm/ pots (50 cm-diam) (Area of each pot (50 cm-
diam) was calculated as the area of the conical shape (50 cm diameter and 40 cm high) and converted to 
calculate the area of square meter). Each treatment in this experiment was used separately or combined with the 
other treatment. 

Pots (50 cm-diam) were sterilized by dipped in 5.0% formalin solution for 15 minutes, left to dry for two 
days to get rid of formalin residues, then filled with soil previously sterilized by formalin solution (5.0%) for 15 
days and left for 15 days to get rid of formalin residues. Fungal inoculation of S. cepivorum (previously isolated 
from diseased onion plants and confirmed their pathogenic capabilities by the authors) was prepared using 
sorghum-coarse sand water (2:1:2 v/v) medium. The ingredients were mixed, bottled and autoclaved for one 
hours at 1.5 air pressure. The autoclaved media in glass bottles were inoculated separately using agar discs 
obtained from the periphery of 5 days old colony of the tested fungi and incubated at (20±2°C) for two weeks 
and used for soil infestation. Fungal propagules of S. cepivorum were added to the potted natural soils (10 kg 
soil/pot) at the rate of 10.0 g/kg soil (w/w), mixed thoroughly with the soil surface of each pot then  irrigated with 
water and left for one week for the inoculum establishment.  

Apparently healthy onion transplants of Giza 20 cultivar were dipped for 2 hours in each particular solution 
of calcium chloride (CaCl2) rates i.e. 0, 1, 2 and 4% (w/v), then raised and planted in infested potted natural soil 
with S. cepivorum immediately at the rate of 10 transplants per pot. Also, natural soil treatment of either gypsum 
rates or AM fungus G. macrocarpum were used before planting as previously mentioned. Three replicates (pots) 
for each particular treatment were used in this experiment. 

The number of plants having specific white rot disease symptoms was counted after two and four month 
from planting and their percentage were calculated according to Hovius and Goldman (2004) as follows: 

 

Infection (%) = 
No. of  transplants infected with white rot 

×100 
Total No. of planted transplants 

 
 Also, fresh weight of onion plants from each pot of different treatments were recorded directly after harvest 

as g/pot and dried in an oven held at about 70°C for two days, the dried plants were weighed as g/pot directly 
after their removal from the oven. 
 
2. Determination of the activity of pectolytic enzymes: 

 
Samples of onion bulb, Giza 20 cv. resulted from treatments of calcium chloride dipping and gypsum soil 

application combined with and without AM fungus Glomus macrocarpum were used for studying cell wall 
degrading enzymes associated with the diseased and healthy tissues under soil infestation with S. cepivorum the 
causal pathogen of white rot disease of onion in greenhouse conditions. At the end of the experiment (120 days 
from planting), extracts from the diseased and healthy tissues of onion bulb were obtained by blending an equal 
amount of both tissues and distilled water in blender. The extract materials were filtered through 2 layers of 
cheesecloth then centrifuged and clear supernatant were utilized as enzyme preparation to estimate the 
pectolytic activities in onion tissues.  

 The activities of PG enzyme was determined by measuring viscosity of the reaction mixture immediately 
before incubation (zero time) and 5, 10, 20and 40 minutes after incubation as described by Alexander (1954). 
Loss in viscosity was measured according to the following formula: % Loss in viscosity = T0 –Tt / T0 – TW X 
100 
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 Where: T0 = the time of flow in seconds of the reacted mixture at zero time; Tt = the time of flow at a given 
time interval and Tw = the time of flow of distilled water. 

The activity of pectin methylestrase (PME) was determined by the titration modified method that described 
by Smith (1958). Enzyme activity was expressed as microequivalent (Meq) of liberated carboxylic groups and 
estimated as mean values of 0.1% NaOH milliliters required to neutralizations. 
 
3. Determinations of AM mycorrhizal spore counts: 

 
At harvest, onion root samples were taken and preserved for 21 days in FAA solution as described by 

(Purves et al., 1966), then prepared and examined for presence of AM-infections (structures) using the 
technique described by Phillips and Hayman (1970). The wet-sieving and decanting technique described by 
Gerdemann and Nicolson (1963) was used to determine the AM spore counts in the potted soils. In order to 
facilitate rapid spore counts, one ml. of spore suspension was transferred in Petri-dishes ( 6 cm) contained 
squared filter paper (No. 100, size 60 mm) then number of AM spores was recorded using binocular X40 and 
estimated as number of AM spores/1g soil according to Khalifa (2003). 
 
4. Determination total Calcium (Ca++) in plant and soil: 

 
After measuring dry weight, Samples of onion bulb, Giza 20 cv. resulted from previous treatments were 

used for determination total Calcium (Ca++) in plants and soil. Calcium concentrations (ppm) in plants and soil 
were determined with an atomic absorption spectrophotometer according to Williams and Twine (1960). 
 
5. Field Experiments: 

 
Field experiment was carried out during two successive growing seasons 2010/2011 and 2011/2012 in 

natural soil heavily infested with S. cepivorum at Mallawy Exp. Res. Station A.R.C., Menia governorate. 
Randomized complete block design with three replicates was used and the plot was 3.0 x 3.5 m2 (10.5 m2 = 
1/400 feddan). Each plot included 6 rows (each 3.0 m length and 50 cm width). Sixty day-old transplanting of 
onion cultivar Giza 20 were planted per each plot at the recommended spacing 10 cm X 10 cm, within each row 
on the first week of December. Onion transplants were planted on the first week of December at approximately 90 
plants/row, to provide approximately 540 onion transplant/plot. The recommended agricultural practices and 
irrigation for onion crop were used.  

Field trial was conducted to investigate the effect of AM fungus Glomus macrocarpum when inoculated under 
different sources and rates of calcium for controlling onion white rot disease and carried out exactly as 
greenhouse experiment as previously mentioned. Onion bulb yield as kg/plot (10.5 m2) was weighted in all 
treatments after harvesting.   
 
6. Statistical analysis: 

 
The obtained data were statistically analyzed by analysis of variance (ANOVA) using MSTAT-C program 

version 2.10 (1991). The least significance difference (LSD) test (0.05) was used to find out the significance of 
mean difference of various treatments. (Gomez and Gomez, 1984). 
 
Results:  

 
1. Effect of transplant treatment with calcium chloride and soil application of gypsum combined with AM fungus 
Glomus macrocarpum under soil infestation with S. cepivorum  in greenhouse. 

 
1.1 On onion white rot disease: 

 
Data presented in Table (1) showed that the effect of AM fungus Glomus macrocarpum when inoculated in 

combinations with different rates of calcium chloride dipping treatment and/or gypsum soil treatment were 
significantly decreased onion white rot disease in most treatments compared with untreated control (without AM 
fungus, calcium chloride and gypsum). Applying AM fungus G.  macrocarpum  with different treatments of 
gypsum and/or calcium chloride was more and significantly effective for reducing white rot disease incidence 
(39.8 %) than without AM fungus (49.4 %). Also, increasing rates of both calcium chloride (from 0.0 to 4%) 
and gypsum treatment (from 0.0 to 1.5 ton/fed. {180g/pot}) were more and significantly effective for decreasing 
disease incidence. As for the interactions, obtained results showed different responses between AM G. 
macrocarpum with different treatments of gypsum and/or calcium chloride. The percentage of white rot disease 
incidence was affected significantly by the interaction between AM and gypsum treatments as well as, between 
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gypsum and calcium chloride treatments. However, it was not significantly affected by interaction between AM 
G. macrocarpum  and calcium chloride and/or the interaction between AM fungus, gypsum amendement and 
calcium chloride treatments. The superior treatments in this regard were obtained by combined treatments of 
AM and gypsum at 1.5 ton/fed. with calcium chloride at 4% and 2% which exhibited the highest reduction of 
white rot disease incidence (13.3 and 16.7%, respectively). 
 
Table 1: Effect of transplant treatment with calcium chloride and soil application of gypsum combined with AM fungus Glomus macrocarpum 

on onion white rot disease under artificial infestation with S. cepivorum in greenhouse. 
Gypsum 

soil treatment 
Calcium chloride (CaCl2) 

dipping treatment 
White rot infection (%) 

With AM Without AM Mean 
0.0 0.0 66.7 83.3 75.0 

1 % 60.0 70.0 65.0 
2 % 53.3 63.3 58.3 
4 % 40.0 50.0 45.0 

0.5 ton/fed 
(60 g/pot) 

0.0 60.0 73.3 66.7 
1 % 46.7 56.7 51.7 
2 % 40.0 50.0 45.0 
4 % 33.3 40.0 36.7 

1.0 ton/fed 
(120 g/pot) 

0.0 53.3 60.0 56.7 
1 % 33.3 43.3 38.3 
2 % 26.7 33.3 30.0 
4 % 23.3 30.0 26.7 

1.5 ton/fed 
(180 g/pot) 

0.0 43.3 53.3 48.3 
1 % 26.7 40.0 33.4 
2 % 16.7 23.3 20.0 
4 % 13.3 20.0 16.7 

Mean 39.8 49.4  
 

LSD. at 5% for 
AM fungus (M) Gypsum (G) CaCl2  (C) M x G M x C G x C M x G x C 

3.84 5.43 5.43 7.68 NS 10.86 NS 

 
1.2. On onion fresh and dry weight: 

 
Results illustrated in Table (2) proved that, all tested treatments and their combinations were significantly 

increased onion fresh and dry weight except for the interaction between AM and calcium chloride treatments 
was not significantly effective on dry weight of onion. Fresh and dry weight were highly increased by AM 
Glomus macrocarpum in combined with gypsum and calcium chloride at the highest rates. Fresh and dry weight 
were affected significantly by increasing concentrations of calcium chloride dipping treatments from 0.0 to 4% 
and gypsum treatment (from 0.0 to 1.5 ton/fed. “180g/pot”). The highest increasing of fresh and dry weight of 
onion was obtained by combined treatments of AM and gypsum at 1.5 ton/fed. with calcium chloride at 4%. 
(198.1 and 163.3 for fresh and dry weight, respectively). 
 
1.3. On  pectolytic enzyme activity in vivo: 
 
1.3.1. Polygalacturonase (PG) activity: 

 
Data presented in Table (3) illustrated that polygalacturonase (PG) activity was  significantly affected at 

each reaction time by different treatments of AM, gypsum and calcium chloride in extracts of onion plant tissue 
that inoculated under soil infestation with S. cepivorum. The PG activity was significantly decreased in onion 
plant tissue resulted from all tested treatments and their combinations except for interaction between AM and 
calcium chloride treatments was not significantly effective in this respect. The lowest activity of PG was 
observed in plants resulted from combined treatments of AM and gypsum at 1.5 ton/fed. with calcium chloride 
at 4%, while the highest activity of PG was noted in plants resulted plants inoculated with S. cepivorum without 
any treatment. Enzyme activity was significantly increased with the increase in period of incubation at 30C 
from 5-40 min. (reaction time [R.T.]). The activity of PG was significantly decreased by increasing 
concentrations of calcium chloride dipping treatments from 0.0 to 4% and gypsum treatment (from 0.0 to 1.5 
ton/fed. “180g/pot”). 
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Table 2: Effect of transplant treatment with calcium chloride and soil application of gypsum combined with AM fungus Glomus macrocarpum 
on fresh and dry weight under artificial infestation with S. cepivorum in greenhouse. 

Gypsum 
soil treatment 

Calcium chloride (CaCl2) 
dipping treatment 

Fresh weight/g. Dry weight/g. 
With 
AM 

Without 
AM 

Mean With 
AM 

Without 
AM 

Mean 

0.0 0.0 94.0 41.0 67.5 74.2 23.2 48.7 
1 % 116.3 65.4 90.9 89.5 52.6 71.1 
2 % 129.7 108.7 119.2 102.8 81.5 92.2 
4 % 141.6 118.2 129.9 109.2 91.2 100.2 

0.5 ton/fed 
(60 g/pot) 

0.0 100.4 53.4 76.9 79.6 34.7 57.2 
1 % 135.1 110.0 122.6 113.7 93.4 103.6 
2 % 148.5 114.3 131.4 115.9 83.9 99.9 
4 % 157.6 136.4 147.0 128.4 119.5 124.0 

1.0 ton/fed 
(120 g/pot) 

0.0 122.8 70.3 96.6 93.1 56.3 74.7 
1 % 159.2 119.5 139.4 125.0 95.9 110.5 
2 % 174.9 134.6 154.8 137.6 109.2 123.4 
4 % 187.3 144.2 165.8 150.2 121.4 135.8 

1.5 ton/fed 
(180 g/pot) 

0.0 130.0 108.2 119.1 107.4 84.1 95.8 
1 % 174.7 127.9 151.3 132.2 102.1 117.2 
2 % 185.2 146.1 165.7 146.3 123.7 135.0 
4 % 198.1 180.7 189.4 163.3 134.8 149.1 

Mean 147.2 111.2  116.8 88.0  
 

LSD. at 5% for AM fungus (M) Gypsum (G) CaCl2  (C) M x G M x C G x C M x G x C 
Fresh weight 3.12 4.41 4.41 6.23 6.23 8.81 12.46 
Dry weight 3.55 5.03 5.03 7.11 NS 10.05 14.22 

 
Table 3: Determination of Polygalacturonase (PG) activity enzyme activity in extracts of onion bulb resulted from treatments of calcium 

chloride dipping and gypsum soil application combined with and without AM fungus Glomus macrocarpum under soil infestation 
with S. cepivorum the causal pathogen of white rot disease of onion in greenhouse conditions. 

Treatments Relative enzyme activity as 
% Loss in PG-substrate viscosity after incubation periods 

at different reaction time (R.T) by minutes 
Gypsum soil 

treatment 
Calcium chloride 

(CaCl2) 
dipping treatment 

With AM Without AM 
5 10 20 40 Mean 5 10 20 40 Mean 

0.0 0.0 63.6 74.7 82.4 90.2 77.7 68.0 77.9 85.4 93.7 81.3 
1 % 56.9 61.0 77.8 83.6 69.8 59.2 72.4 84.0 88.1 75.9 
2 % 54.4 63.2 75.9 82.3 69.0 55.1 67.6 74.9 85.4 70.8 
4 % 43.2 59.0 68.6 70.7 60.4 51.0 62.1 70.8 76.5 65.1 

Mean 54.5 64.5 76.2 81.7  58.3 70.0 78.8 85.9  
0.5 ton/fed 
(60 g/pot) 

0.0 49.3 53.7 57.4 63.5 56.0 58.8 64.9 69.7 71.5 66.2 
1 % 46.4 49.8 53.7 60.1 52.5 55.2 60.7 62.6 65.8 61.1 
2 % 41.3 44.4 51.4 57.6 48.7 47.4 55.1 57.6 63.5 55.9 
4 % 37.2 42.0 49.6 53.3 45.5 39.9 50.7 54.9 60.1 51.4 

Mean 43.6 47.5 53.0 58.6  50.3 57.9 61.2 65.2  
1.0 ton/fed 
(120 g/pot) 

0.0 33.5 36.6 41.3 49.8 40.3 42.7 47.3 54.0 63.3 51.8 
1 % 27.6 29.9 36.5 44.7 34.7 39.1 43.9 48.4 59.3 47.7 
2 % 25.8 28.1 35.8 40.1 32.5 38.9 42.3 47.9 58.7 47.0 
4 % 23.1 26.2 33.6 38.2 30.3 34.3 40.5 46.1 57.4 44.6 

Mean 27.5 30.2 36.8 43.2  38.8 43.5 49.1 59.7  
1.5 ton/fed 
(180 g/pot) 

0.0 26.5 32.6 40.9 49.4 37.4 41.0 44.6 51.2 56.9 48.4 
1 % 23.7 30.2 36.8 48.8 34.9 30.4 37.3 49.8 54.4 43.0 
2 % 20.9 27.0 33.5 41.8 30.8 26.7 34.5 43.6 52.9 39.4 
4 % 17.3 23.4 30.9 36.9 27.1 24.2 32.1 42.9 50.7 37.5 

Mean 22.1 28.3 35.5 44.2  30.6 37.1 46.9 53.7  
 

L.S.D. at 5% for PG enzyme activity at different reaction time (R.T) by minutes 
5 10 20 40 

AM fungus (M) 0.36 0.46 0.51 0.57 
Gypsum (G) 0.50 0.64 0.73 0.80 
CaCl2  (C) 0.50 0.64 0.73 0.80 

M X G 0.71 0.92 1.07 1.14 
M X C NS NS NS NS 
G X C 1.01 1.29 1.48 1.61 

M X G X C 1.42 1.82 2.07 2.27 
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1.3.2. On pectin methylestrase (PME) activity: 
 
Data presented in Table (4) indicated that, the activity of pectin methylestrase (PME) was detected in  

extracts of onion plant tissue that inoculated under soil infestation with S. cepivorum of all treatments with 
different reaction value. PME activity was significantly affected by different treatments of AM, gypsum and 
calcium chloride and significantly decreased in onion plant tissue resulted from all tested treatments and their 
combinations except for interaction between AM and calcium chloride treatments was not significantly effective 
in this respect. The lowest activity of PME was observed in plants resulted from combined treatments of AM 
and gypsum at 1.5 ton/fed. with calcium chloride at 4%, while the highest activity of PME was noted in plants 
resulted plants inoculated with S. cepivorum without any treatment. The activity of PME was significantly 
reduced by increasing concentrations of calcium chloride dipping treatments from 0.0 to 4% and gypsum 
treatment (from 0.0 to 1.5 ton/fed. {180g/pot}).    
 
Table 4: Determination of Pectin methylestrase (PME) enzyme activity in extracts of onion bulb resulted from treatments of calcium 

chloride dipping and gypsum soil application combined with and without AM G. macrocarpum under soil infestation with S. 
cepivorum in greenhouse conditions. 

Gypsum 
soil treatment 

Calcium chloride (CaCl2) 
dipping treatment 

PME activity 0.1% NaOH cc 
With 
AM 

Without AM Mean 

0.0 0.0 *6.4 8.1 7.3 
1 % 5.3 5.9 5.6 
2 % 4.2 5.1 4.7 
4 % 2.9 3.1 3.0 

0.5 ton/fed 
(60 g/pot) 

0.0 5.5 6.0 5.8 
1 % 4.8 5.2 5.0 
2 % 3.3 3.6 3.5 
4 % 2.1 2.5 2.3 

1.0 ton/fed 
(120 g/pot) 

0.0 4.9 5.1 5.0 
1 % 4.3 3.9 4.1 
2 % 2.5 2.8 2.7 
4 % 0.9 1.4 1.2 

1.5 ton/fed 
(180 g/pot) 

0.0 4.3 4.4 4.4 
1 % 2.8 3.1 3.0 
2 % 0.6 1.1 0.9 
4 % 0.2 0.3 0.3 

Mean 3.4 3.9  
* Mean values of 0.1% NaOH milliliters required to neutralizations  
 

LSD. at 5% for 
AM fungus (M) Gypsum (G) CaCl2  (C) M x G M x C G x C M x G x C 

0.20 0.28 0.28 0.39 NS 0.55 0.78 

 
1.4. On AM root-infection % and number of AM-spores in soil: 

 
Data illustrated in Table (5) showed that all tested treatments and their combinations significantly increased 

AM root infection percent and spore numbers in natural potted soil except for the interaction between AM and 
calcium chloride treatments was not significantly effective on spore numbers in soil. Applying AM G. 
macrocarpum with different treatments of gypsum and/or calcium chloride was more and significantly effective for 
increasing AM root infection percent and spore numbers in natural potted soil (64.5 % for root infection and 
20.5 spores/g soil, respectively) than without AM fungus (13.4 % for root infection and 1.2 spores/g soil, 
respectively). Also, increasing rates of both calcium chloride (from 0.0 to 4%) and gypsum treatment (from 0.0 
to 1.5 ton/fed. {180g/pot}) were more effective for increasing AM root infection percent and spore numbers in 
soil. However integration of gypsum, calcium chloride and AM gave the maximum performance of AM root 
infection percent and number of their spores in soil more than without AM in natural potted soil. The superior 
treatments for increasing AM root infection percent and spore numbers were obtained by AM treatment 
combined with gypsum at 1.5 ton/fed. and calcium chloride at 4% (91.3 % for root infection and 58.1 spores/g 
soil, respectively). 
 
1.5.  On total Ca++ in plant and soil: 

 
Data presented in Table (6) clearly showed that all investigated treatments and their interactions gave 

significant increase in total calcium (Ca++) in plant, however, most of these treatments increased total calcium 
(Ca++) in soil. In this regard calcium chloride at different rates and their interaction with AM G. macrocarpum 
were not significantly effective for increasing (Ca++) concentration in soil. AM treatment increase the ability of 
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calcium dissolving inside plants and gave the best ability in increasing total Ca++ in soil, whereas was not 
significantly effective when combined with calcium chloride treaments for increasing total calcium (Ca++) in 
soil. Data, also showed that there was significantly increased in total calcium (Ca++) in plant and soil with 
increasing rates of gypsum treatment (from 0.0 to 1.5 ton/fed. {180g/pot}) when applied with AM G. 
macrocarpum. However, there was not obviously correlation between increasing rates of calcium chloride (from 
0.0 to 4%) and total calcium (Ca++) concentration in soil. AM gave the maximum performance in increasing 
total Ca++ concentration in plant when combined with gypsum at 1.5 ton/fed. and calcium chloride at 4%, 
whereas gave the maximum performance in increasing total Ca++ concentration in soil when combined with 
gypsum at 1.5 ton/fed. regardless calcium chloride rate. 
 
Table 5: Effect of transplant treatment with calcium chlorde and soil application of gypsum combined with AM fungus Glomus macrocarpum 

on % AM root-infection and number of AM-spores in soil under artificial infestation with S. cepivorum in greenhouse. 
Gypsum 

soil treatment 
Calcium chloride (CaCl2) 

dipping treatment 
AM counts 

AM-root infection (%) No. of spores/g soil 
With 
AM 

Without 
AM 

Mean With 
AM 

Without 
AM 

Mean 

0.0 0.0 25.6 3.4 14.5 5.9 0.1 3.0 
1 % 29.2 4.5 16.9 8.5 0.3 4.4 
2 % 52.6 4.6 28.6 9.3 0.4 4.9 
4 % 60.2 12.0 36.1 14.5 0.6 7.6 

0.5 ton/fed 
(60 g/pot) 

0.0 55.9 7.2 31.6 7.3 0.4 3.9 
1 % 66.4 13.8 40.1 12.4 0.5 6.5 
2 % 71.7 14.7 43.2 15.9 0.8 8.4 
4 % 73.6 15.3 44.5 17.4 1.3 9.4 

1.0 ton/fed 
(120 g/pot) 

0.0 59.0 8.7 33.9 10.2 0.5 5.4 
1 % 69.4 16.0 42.7 15.2 1.4 8.3 
2 % 75.9 17.1 46.5 32.3 1.8 17.1 
4 % 78.6 18.8 48.7 39.9 2.0 21.0 

1.5 ton/fed 
(180 g/pot) 

0.0 63.1 8.9 36.0 13.8 1.3 7.6 
1 % 76.1 21.5 48.8 25.2 2.4 13.8 
2 % 84.0 23.2 53.6 42.4 2.6 22.5 
4 % 91.3 24.3 57.8 58.1 2.7 30.4 

Mean 64.5 13.4  20.5 1.2  
 

LSD. at 5% for AM fungus (M) Gypsum (G) CaCl2  (C) M x G M x C G x C M x G x C 
AM-root infection (%) 1.16 1.64 1.64 2.32 2.32 3.29 4.65 

No. of spores/g soil 0.72 1.02 1.02 1.45 NS 2.04 2.89 

 
Table 6: Effect of transplant treatment with calcium chloride and soil application of gypsum combined with AM fungus Glomus macrocarpum  
              on total Ca++ in plant and soil  under artificial infestation with S. cepivorum in greenhouse. 

Gypsum 
soil treatment 

Calcium chloride (CaCl2) 
dipping treatment 

Total Ca++ in plant (ppm) Total Ca++ in soil (ppm) 
With AM Without 

AM 
Mean With AM Without 

AM 
Mean 

0 0 301.7 240.7 271.2 200.3 105.5 152.9 
1% 325.3 268.4 296.8 207.5 111.5 159.5 
2% 442.4 381.6 412.0 205.3 113.2 159.3 
4% 485.1 427.3 456.2 217.5 113.9 165.4 

0.5 ton/fed 
(60 g/pot) 

0 335.5 271.6 303.5 334.6 225.5 280.1 
1% 540.6 425.8 483.2 333.8 234.5 284.2 
2% 551.7 448.4 500.0 340.5 242.3 291.4 
4% 691.8 561.7 626.7 343.2 242.6 292.9 

1.0 ton/fed 
(120 g/pot) 

0 390.7 331.9 361.3 489.1 364.7 426.9 
1% 639.7 510.7 575.2 493.2 375.8 434.5 
2% 668.4 568.4 618.4 495.5 366.5 431.0 
4% 753.2 637.6 695.4 500.4 379.8 440.1 

1.5 ton/fed 
(180 g/pot) 

0 518.4 419.7 469.0 558.2 400.4 479.3 
1% 709.3 643.7 676.5 562.7 415.2 489.0 
2% 804.7 698.6 751.6 585.2 408.8 497.0 
4% 877.5 702.7 790.1 580.3 416.3 498.3 

Mean 564.7 471.1  403.0 282.2  
 

LSD. at 5% for AM fungus (M) Gypsum (G) CaCl2  (C) M x G M x C G x C M x G x C 
Total Ca++ in plant 2.31 3.27 3.27 4.62 4.62 6.53 9.24 
Total Ca++ in soil 2.60 3.68 NS 5.21 NS 7.37 10.42 
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2. Effect of transplant treatment with calcium chloride and soil application of gypsum combined with AM fungus 
Glomus macrocarpum at 2010/2011 and 2011/2012 successive seasons under field conditions. 
 
2.1. On onion white rot disease: 

 
Data presented in Table (7) stated that the effect of AM G. macrocarpum when inoculated combined with 

different rates of calcium chloride as dipping treatment and/or gypsum as soil treatment were significantly 
effective for reducing white rot disease incidence in two successive seasons 2010/2011 and 2011/2012 
compared with untreated control (without any treatment). Also, increasing rates of both calcium chloride (from 
0.0 to 4%) and gypsum treatment (from 0.0 to 1.5 ton/fed.) were more and significantly effective for decreasing 
disease incidence. As for the interactions, obtained data indicated that the percentage of white rot disease 
incidence in two successive seasons was affected significantly by the interaction between AM and gypsum 
treatments, gypsum and calcium chloride treatments in two seasons 2010/2011 and 2011/2012 and between AM, 
calcium chloride and gypsum treatments in first season 2010/2011. However, it was not significantly affected by 
interaction between AM and calcium chloride in two seasons and/or the interaction between AM, gypsum and 
calcium chloride treatments in second season 2011/2012. The best treatments for decreasing white rot disease 
incidence in two successive seasons were obtained by combined treatments of AM + gypsum at 1.5 ton/fed. 
with calcium chloride at 4, 2 and 1 % which as well as when combined AM with gypsum at 1.0 ton/fed. and 
calcium chloride at 4%, respectively which exhibited the highest reduction of white rot disease incidence in two 
seasons 2010/2011 and 2011/2012.   
 
Table 7: Effect of transplant treatment with calcium chloride and soil application of gypsum combined with AM fungus Glomus macrocarpum  
              on onion white rot disease at 2010/2011 and 2011/2012 successive seasons under field conditions. 

Gypsum 
soil treatment 

Calcium chloride 
(CaCl2) 

dipping treatment 

Percentage of white rot disease 
2010/2011 2011/2012 

With 
AM 

Without 
AM 

Mean With 
AM 

Without 
AM 

Mean 

0.0 0.0 38.6 47.3 43.0 35.3 43.5 39.4 
1 % 35.9 43.8 39.9 30.0 34.4 32.2 
2 % 33.7 36.5 35.1 29.1 32.7 30.9 
4 % 30.4 32.8 31.6 25.4 27.3 26.4 

0.5 ton/fed 0.0 32.7 37.1 34.9 26.4 30.6 28.5 
1 % 28.6 35.3 32.0 24.5 28.2 26.4 
2 % 25.3 29.1 27.2 20.1 23.6 21.9 
4 % 22.8 26.2 24.5 17.8 22.7 20.3 

1.0 ton/fed 0.0 26.3 32.9 29.6 19.1 20.9 20.0 
1 % 21.9 24.5 23.2 12.7 16.4 14.6 
2 % 20.5 24.3 22.4 11.8 14.5 13.2 
4 % 11.4 19.0 15.2 8.2 11.5 9.9 

1.5 ton/fed 0.0 20.0 23.7 21.9 13.6 18.2 15.9 
1 % 9.5 17.1 13.3 7.3 11.9 9.6 
2 % 7.6 16.6 12.1 6.4 10.0 8.2 
4 % 5.7 15.2 10.5 4.6 9.1 6.9 

Mean 23.4 29.0  18.4 22.1  
 

LSD. at 5% for AM fungus (M) Gypsum (G) CaCl2  (C) M x G M x C G x C M x G x C 
2010/2011 1.37 1.94 1.94 2.74 NS 3.87 5.47 
2011/2012 1.15 1.62 1.62 2.29 NS 3.24 NS 

 
2.2. On onion bulb yield: 

 
Data illustrated in Table (8) noted that most of investigated treatments were significantly increased onion 

bulb yield kg/plot in two seasons 2010/2011 and 2011/2012. Applying AM fungus G.  macrocarpum  with different 
treatments of gypsum and/or calcium chloride was more and significantly effective for increasing onion bulb 
yield than without AM fungus. Also, increasing rates of both calcium chloride (from 0.0 to 4%) and gypsum 
treatment (from 0.0 to 1.5 ton/fed.) were more and significantly effective for increasing onion bulb yield. As for 
the interactions, obtained data showed different responses between interactions of AM G. macrocarpum, gypsum 
and/or calcium chloride treatments for improving onion bulb yield in two successive seasons. Onion bulb yield 
was affected significantly by the interaction between AM and gypsum treatments and/or between gypsum and 
calcium chloride treatments but it was not significantly affected by interaction between AM and calcium chloride 
and/or the interaction between AM, gypsum and calcium chloride treatments in first season 2010/2011. 
However, it was not significantly affected by interaction between any tested treatments in second season 
2011/2012. The superior treatments in this regard were obtained by combined treatments of AM and gypsum at 
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1.5 ton/fed. with calcium chloride at 4% and 2% which gave the highest increasing of bulb yield during two 
growing seasons 2010/2011 and 2011/2012. 
 
Table 8: Effect of transplant treatment with calcium chloride and soil application of gypsum combined with AM fungus Glomus macrocarpum 

on onion bulb yield kg/plot at 2010/2011 and 2011/2012 successive seasons under field conditions. 
Gypsum 

soil treatment 
Calcium chloride (CaCl2) 

dipping treatment 
Onion bulb yield kg/plot (10.5m2) 

2010/2011 2011/2012 
With 
AM 

Without 
AM 

Mean With 
AM 

Without 
AM 

Mean 

0.0 0.0 8.2 6.9 7.6 11.5 9.4 10.5 
1 % 13.6 11.3 12.5 15.7 13.8 14.8 
2 % 14.7 13.1 13.9 16.8 15.1 16.0 
4 % 15.8 14.2 15.0 19.9 18.4 19.2 

0.5 ton/fed 0.0 14.2 13.3 13.8 17.3 16.9 17.1 
1 % 15.9 15.0 15.5 21.4 19.2 20.3 
2 % 16.8 16.3 16.6 22.3 20.1 21.2 
4 % 19.1 17.8 18.5 23.4 22.0 22.7 

1.0 ton/fed 0.0 16.2 15.5 15.9 21.7 20.9 21.3 
1 % 19.8 18.6 19.2 25.2 24.5 24.9 
2 % 21.3 19.2 20.3 27.4 24.8 26.1 
4 % 22.7 21.8 22.3 28.7 26.4 27.6 

1.5 ton/fed 0.0 21.1 20.4 20.8 27.5 26.0 26.8 
1 % 23.9 22.3 23.1 30.8 29.2 30.0 
2 % 27.6 23.0 25.3 33.6 31.1 32.4 
4 % 28.2 24.7 26.5 35.4 32.7 34.1 

Mean 18.7 17.1  23.7 21.9  
 

LSD. at 5% for AM fungus (M) Gypsum (G) CaCl2  (C) M x G M x C G x C M x G x C 
2010/2011 0.95 1.34 1.34 1.89 NS 2.68 NS 
2011/2012 0.77 1.08 1.08 NS NS NS NS 

 
Discussion: 

 
In the present study, using AM fungus Glomus macrocarpum when inoculated in combinations with 

different rates of calcium chloride as dipping treatment and/or gypsum as soil treatment were significantly 
effective for reducing incidence of white rot disease under artificially and naturally conditions in greenhouse 
and field trials, respectively compared with untreated control (without any treatment). This is in agreement with 
various investigators (Osman, Nagwa et al., 2002, El-Neshawy,Saneya et al., 2004, Mahmoud et al., 2008, 
Mahmoud et al., 2009 and Khalifa et al.,2010), who's reported that, calcium and AM fungi play an important 
role in reducing of many plant disease. May be that due to the role of calcium in the plant i.e. it has a critical 
metabolic role in carbohydrates removal, cell wall deposition and formation of pectates in the middle lamella 
(El-Neshawy,Saneya et al., 2004). Here it is bound to carboxyl groups of polygalacturonic acids (pectin), where 
it links adjacent galacturonic acid chains through ionic bonds (Carpita and Gilbeaut, 1993). Because of its role 
in cell wall architecture, Ca is considered important in determining cell wall strength and firmness in fruits and 
vegetables (Coolong and Randle 2008). In addition to improvements in firmness, Ca applications can enhance 
disease resistance in some crops (Conway et al., 1991) i.e. in onion larger applications of CaCl2 may be 
necessary to realize improvements in firmness during storage. (Randle, 2005). Moreover It act as: an osmoticum 
within vacuoles; a stabilizing element of membranes; a strengthening agent in cell walls; and a secondary 
messenger for a multitude of signals (McAinsh and Pittman, 2009; Dodd et al., 2010).  

Data of the presented study indicated that, inoculation with AM in combinations with different Ca-sources 
and rates significantly increased fresh and dry weight under greenhouse conditions as well as increased onion 
bulb yield in field trials. This is may be due to the role of arbuscular mycorrhizal (AM) fungi in enhance plant 
development and increased plant vigor, especially under field conditions by enhance plant nutrition which may 
led to diseases escape or higher tolerance towards soil borne pathogens (Mahmoud et al., 2008 and Khalifa et 
al.,2010). In this respect, AM fungi enhance the uptake of nutrients of low mobility in the soil solution such as 
P, Ca, Zn, and Cu, but they have many other impacts on crop productivity (Bethlenfalvay, 1992). It is also 
protect the plant by eliminating pathogens or reducing their effectiveness by interacts directly with soil borne 
pathogens, or indirectly by stimulating other natural antagonistic (Mohan 2000). Moreover it's improving host 
resistance by stimulation of plants to produce phytoalexin (Sundaresan et al. 1993). Moreover, AM fungi 
producing plant growth hormones, improving rhizospheric and soil conditions (Lindermann, 1994), altering the 
physiological and biochemical properties of the host like water absorption capacity of plants by increasing root 
hydraulic conductivity and favourably adjusting the osmotic balance and composition of carbohydrates (Ruiz-
Lozano, 2003) and defending roots against soil-borne pathogens (Dehne, 1982).  
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Sclerotium cepivorum  produced polygalacturonase (PG) and pectin methyl esterase (PME) in vitro, and in 
vivo and their aggressiveness on onion plants varied according to their ability to produce these enzymes (Abd 
El-Razik,et al.1974). In the present  study, pectolytic enzyme activity of both polygalacturonase (PG) and pectin 
methylestrase (PME) were significantly decreased by different treatments of AM, gypsum and calcium chloride 
in onion plant tissue resulted from all tested treatments and their combinations except for interaction between 
AM and calcium chloride treatments was not significantly effective in this respect. The activity of PG and PME 
was significantly reduced by increasing concentrations of the two calcium-sources. Conway et al.,(1988) 
reported that increasing the Ca content of apple cell walls has been shown to inhibit maceration by 
polygalacturonase produced by Penicillium expansum. This may be due to the role of calcium ions in reduce the 
incidence of fungal infection by decreasing the production by fungi of cell-wall-degrading enzymes, and/or by 
being incorporated into the cell wall, thus making it less accessible to cell wall-degrading enzymes produced by 
the pathogens thought to be a key enzyme in the infection process, is inhibited by Ca (Biggs et al., 1997). While, 
Conway and Sams (1984) described the role of Ca2+ in reducing the effectiveness of fungal polygalacturonase 
(PG) enzymes by forming cation cross bridges between pectic acids in the plant cell walls, thus making the cell 
walls more resistant to digestion. The mechanism by which increased tissue Ca reduces decay and maintains 
firmness is hypothesized to be related to Ca ions in the cell wall (Demarty et al., 1984). The stability of the cell 
wall maybe related to the cooperative binding of polygalacturonate chains with Ca ions (Knee, 1978), making 
the cell wall of the fruit less accessible to enzymes that cause softening or to cell wall degrading enzymes 
produced by fungal pathogens.  

Integration of gypsum, calcium chloride and AM gave the maximum performance of AM root infection 
percentage and number of their spores in soil more than without AM in natural soil as well as increase total 
calcium (Ca++) concentration in plant and soil. Several studies revealed that mycorrhization strongly affects Ca++ 
  in the plant. Cantrell and Linderman (2001) noted increased Ca++ uptake in mycorrhizal lettuce. In our study, 
data revealed that increasing rates of both calcium chloride and gypsum treatment were more effective for 
increasing AM root infection percent and spore numbers in soil High Ca++ was found to enhance colonization 
and sporulation of AMF (Jarstfer et al., 1998). In the same time, AM gave the maximum performance in 
increasing total Ca++ concentration in plant when combined with the highest rate of both gypsum and calcium 
chloride, whereas gave the maximum performance in increasing total Ca++ concentration in soil when combined 
with gypsum at the higher rate regardless calcium chloride rate. Yano-Melo et al. (2003) reported that a higher 
Ca++ concentration in mycorrhizal than in non-mycorrhizal banana plants.  
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