‘ 733
Annals Agric. Sci,, Ain Shams Univ., Cairo, 43(2), 733-745, 2004

CONTROLLING ONION WHITE ROT BY USING EGYPTIAN
FORMULATED ENDO-MYCORRHIZA (MULTI-VAM)

[52]

El-Haddad S.A.'; M.S. Abd El-Megid' and O.Y. Shalaby®
ABSTRACT

All tested mycorrhizal treatments to control white rot diseases and increased
yield in greenhouse and field., were effective and reduced the diseases infection.
Treatment triple No.3 (Application in seed bed 14 days transplanting + Dipping at
transplanting time + Soil drench 14 days after transplanting) and treatment single
No.5 (Dipping at transplanting time) and treatment double No.6 (Dipping at trans-
planting time + Soil drench 14 days after transplanting) were higher root coloniza-
tion of onien plants. The percentage were 80,73.3 and 73.3%, respectively. Sporula-
tion were increase with triple treatment No.3 (Application in seed bed 14 days trans-
planting + Dipping at transplanting time + Soil drench 14 days after transplanting)
and double treatment No.2 (Inoculated with Multi VAM in the seed bed 14 days be-
fore transplanting + dipping at transplanting time). In greenhouse experiment, treat-
ment triple No.3 and dounble treatment No.6 were reduced percentage of white rot
disease during two seasons 2001/2002 & 2002/2003 and increase of yield were
4.3,3.4,6.4 and 5.3 folds, respectively. At ficld experiments treatment triple No.3
and treatment double No.2 and No.6 were higher efficacy to reduce white rot disease
during two seasons. The efficacy were 61.7,64.4,57.0,56.1,60.7 and 61.4, respec-
tively and increase of yield were showed by using treatment single No.7 (Soil
drench 14 days after transplanting}, double No.2 & 6 and triple No.3.

Key words: White rot, Sclerotium cepivorum, Arbuscular mycorrhizal fungi (AMF),
Egyption formulated endo-mycorrhiza (Multi VAM).

INTRODUCTION season 2002, White rot of cnion., caused

Orion, Allium cepa L., is an important
crop in many countries of the world in-
cluding Egypt. According to the Statisti-
cal Department of Ministry of Agriculture
and Soil Reclamation, the total area culti-
vated with onion in Egypt is estimated by
102967 feddans (faddan = 4200 m’) in

by Sclerotium cepivorum Bark., is one of
the most serious fungal discases of onion
cultivation in many regions of the world
(Crowe et al 1980). White rot disease is
the most widespread soilborne onion dis-
ease in Egypt (Abdel-Moity 1981 and
Satour &f al 1989).
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Arbuscular mycorrhizal fungi (AMF)
increased nutrient uptaking by root and
subsequently the growth of many plants
(Stribley, 1990). Mycorrhization had
been proposed as good alternative method
for the management of soilborne patho-
gens (Schenck, 1981; Dehne, 1982,
1987; Barea et al 1984; Horunby, 1990;
Perrin, 1990 and Reid, 1990). My-
corrhizal plants are often less colonized
by the pathogens and show reduction in
the disease incidence.

Garlic plants inoculated by Vesicular
Arbuscular Mycorrhiza (VAM) were lar-
ger, had more green leaves, with more
photosynthesis rate and had higher fresh
and dry weight compared with uninocu-
lated plants. Dry weight of plants treated
and untreated with VAM were 51g/bulb
and 27g/bulb, respectively (Koch e af
1997). Mycorrhizal plants showed in-
crease of 22% in onion yield, regardless
of the presence of white rot pathogen
{(Andrea et al 1996). The defense re-
sponse of alfa alfa roots to the pathogenic
fungi Rhizoctonia solani was reduced
significantly in roots simultaneously in-
fected with the AM fungus Glomus intra-
radices (Guenoune et al 2001). Also, G.
clarum acted to some extent as a bioagent
against Rhizoctonia. solani, the causal
fungus of root rot of cowpea plants.
(Shabana, 2002 and Matsubara et al
2001) revealed that tolerance to fusarium
root rot of asparagus caused by Fusarium
oxysporium fsp. asparagi (FOA) was
conditioned by AM fungal infection.
(Abo El-Ela, 2003) found that formu-
lated mycorrhizal fungi (Multi VAM) and
Rhizo-N were the most effective treat-
ments controlling fusarium wilt of gladio-
lus and increased the yield <2.25 < 13
folds.

This investigation aimed to evaluate
the efficiency of the Egyptian formulated
endo-mycorrhiza (Multi VAM) in con-
trolling white rot of onion and the yicld
productivity under different conditions.

MATERIAL AND METHODS
Treatments

In this investigation, Egyptian formu-
lated endo-mycorrhiza (Multi VAM,
kindly obtained from Dr. Safwat A. El-
Haddad, MyCol. & PL. Dis. Surv. Dept,
PL pathol. Res. Inst., ARC Giza, Egypt)
was used in liquid type which consists of
propagated units from Glomus intrard-
ices, G. mosseae, G. clarum, Gigaspora
margarita, G. gigantea and other species
in combination (1 x 10° units/liter). Usage
Multi VAM in dipping the seedlings be-
fore transplanting at 50 mi/iter water
dilution and at dilute of 5ml/liter water
for soil drench for onion seed bed and
after transplanting. Table (1) shows the
different treatments in the entire experi-
ments.

Greenhouse experiments

Sclerotium cepivorum inoculum was
prepared by growing pure culture on
maize meal-sand medium at 20°C for 3
weeks. Pots (25 cm-diam) packed with
formalin-sterilized clay and washed sand
{1:1 v/v) were infested at the rate 2 %
{wfw), 7 days before planting. Three pots
for cach treatment were used, each
planted with 5 onion scedlings and three
pots were used as a control 1 with in-
fested soil and without treatments. An-
other three pots were planted without
inoculum control 2. The infection per-
centage and onion weight were estimated
in the end of season (140 days).
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Table 1. Design of the treatments in the greenhouse and field experiments during

2001/2002 and 2002/2003 seasons.

inoculated with Multi VAM
In the seed bed 14 ] Soil drench 14
TREATMENT Dipping at trans-
days before trans- o days after trans-
. planting time .
planting planting
1 + - -
2 + -
3 +
4 + -
5 - + -
6 - +
7 - -
(Control 1)8* - - -
(Control 2) 9** - - . J

* Application with §. cepivorum without VAM.

** Appiication with neither 8. cepivorum inoculation nor VAM

Field experiments

Ficld experiments were carried out in
artificially infested soil at the Agricuttural
Research Stations of Matlawi (E}-Minia
Governorate) during two successive sea-
sons, 2001/2002 and 2002/2003. Sixty-
day old scedlings of onion were irans-
planted four replicates in 3x3.5 m plots
randomized complete block design. The
infection percentage of white rot and the
obtained yield of onion bulbs were re-
corded at the end of the growing season,
after 160 days from transplanting. All of
the mycorrhizal treatments were done
using the recommended rates of N and K

fertilizers to onion plants and half dose of
phosphorus. (Mamatha et al, 2002), Rock
phosphate was used in this study as a
suitable phosphorus source with my-
corrhiza as a fertilizer. On the other hand,
in all of the treatments without mycorrhi-
zal fungi, the recommendcd rates of NPK
were used (Daft and Nicolson 1967).

Clearing and staining of vesicular ar-
buscular mycorrhizal (VAM) fungi

a. Root Colonization

To study the effect of formulated
AMF (Multi VAM) inoculum with differ-
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ent execution on the percentage of root
colonization of onion plants under ficld
natural infection. Onion hairy root sam-
ples were removed from soil, washed by
tap water and cutted into | cm long
pieces. Root pieces were prepared for
microscopic observation to determine the
percentage of mycorrhizal colonization in
the different treatments according to
(Philips and Hayman, 1970} at the end
of season.

b. Sporulation density of VAM in the
rhizosphere

250 g of soil samples were collected
from the onion experiments (treatment
and replicates) and extraction of VAM
propagules was done under Lab. condi-
tions using wet sieving and decanting
technique as described by (Gredman and
Nicolson, 1963).

RESULTS AND DISCUSSION
Root Colonization

A subsequent increase in root AMF
colonization was observed with triple
inoculation by multi VAM. Data in Table
(2) indicate that the highest percentage of
colonization was 8% in triple inocula-
tion treatmeni. The dual inoculation in the

permanent {soil / field) caused coloniza-
tion of onion roots higher than dual in-
oculation in seed bed and permanent soil
(73.3 % and 60 , 66.6 % colonization) in
treatments No. 6, 2 and 4 respectively.
However, the percentage of colonization
was recorded in the field inoculation in a
single inoculation in the time of trans-
planting (treatment No. 5 and No. 6) 73.3
% and 60 %, respectively. Also, the lower
percentage of root colonization with dou-
ble treatment (2) and single treatment (7)
were 60%.These results are in a harmony
with those recorded by (Andrea e al
1996; Johnson 1984; Koch ef al 1997
and Stribley 1990) .

Sporulation density of VAM in the
rhizosphere

Increasing in the percentage of sporu-
lation was observed in all treatments.
Table (3) indicates that the highest sporu-
Iation was recorded in triple adding multi
VAM (T3) and in dual adding (T2). In-
oculation with multi VAM as a single
treatment in the seed bed 14 days before
transpianting (T1) resulted in an increase
of sporulation more than in the time of
transplanting or 14 days after transplant-
ing (T5 and T7), Table (3). These results
were agreement with (Reid 1990 Azcon-
Aguilar and Barea, 1996 and Shaltout,
1998).

Table 2. Effect of formulated AMF inoculum (Multi VAM) with different applications
on the percentage of root colonization of onion plaats under field natural infec-
tion with white rot pathogen at the end of 2002/2003 growing season

Treatment 1 1 2 3 4 3 6 7 8 9*
Percentage of root coloni-

zation **(calculated from

15 samples) 666 60 8 666 733 733 60 333 - -
* Not tested

** The percentage of root colonization was estimated as avérage of 15 samples.
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Table 3. Sporulation density number of spores in the rhizosphere of onion plants under
greenhouse at the end of the 2002/2003 season

Treatment 1 2 3 4 5 6 7 8 9

No. of spores/lgm dry
soil
Increasing of sporula-

178 1322
tion %

25 128 144

1300 56 100 89 67 22 -

14 18 17 15 1 9

Treatment — Control

Sporulation % = X 100

Control

Greenhouse experiments

Data of the season 2001/2002 pre-
sented in Table (4) shows that all of the
Mycorrhizal Multi VAM treatments sig-
nificantly reduced the infection percentage
of onion white rot compared with artificial
infestation (control). Treatments triple
No.3 foliowed treatment double No. 6
resulted in the best values in controlling
the white rot of onion. Non significant
results were recorded between treatments
single No. 4, 3, treatment double 6 and
treaument single 7. Higher efficacy was
resulted in by using formulated AMF
(Muli VAM) triple No.3 and double No.6
ranged between 38.8% and 52.2%. Higher
yield was recorded by using treatments
No.3,6. Also, significant results were
showed between the three treatments 3,6
and 7 compared with the other treatments
and control. Non significant resuits in the
yield were showed between the treatments
double No. 2 and 4 Table (4).

These results were agreement with
those obtained by (Azcon-Aguitar and
Barea, 1996) and they explain the result
as follow; 1- Both mvcorrhizal fungus and

pathogen depend on host photosynthates
for their growth, mycorrhiral fungus has
primary access to photo synthates, the
higher C demand many inhibit pathogen
growth. If VAM fungus colonizes the root
then this would limit the colonization of
the pathogenic fungi to areas of the root
which had not been colonized, thus of-
fording protection (Goncalves ef al 1991).
2-Mycorrhizal symbiosis increases the
nutrient uptake and results in more vigor-
ous plants, the plant itsclf may thus be-
come more resistant tolerant to pathogen
attack (Azcon-Aguilar and Barea, 1996).
3-Modification of the basic physiclogy of
plant roots may contibute to disease sup-
pression. This promotion of water and
nutrient uptake by mycorrhizal fungi af-
fect the course of pathogensis. VAM root
have higher respiratory activity than non-
VAM roots {(Dehne, 1987 and Snetlgrove
et al 1982). Increased respiration rate of
VAM roots is an indication for the higher
metabolic activity which might enable
plants to react more rapidly and more ef-
fectively against root pathogens (Dugassa
e al 1996). Furthermore, VAM roots
showed an increase of ethylene production
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Table 4, Effect of Formulated AMF (Multi VAM) on percentages of white rot infection
and onion bulb yield under greenhouse conditions 2001/2002 growing seasons.

) Weight of buib Increase of
Treatments Infection % Efficacy % . )
yield (gm / pot) yield %
1 65 23.5 272 5498
9 60 294 326 83.75
3 35 58.8 94.6 439.03
4 45 470 456 159.8
5 55 35.2 36.0 105.1
6 40 522 77.85 343.58
7 50 41.0 494 181.48
B 85 0.0 17.55 0.0
9 Zero - 76.0 333.04
L.SD 5% 18.2 6.3
Treatment of Multi Vam — Treatment of control
* Efficacy = : X 100
Treatment of control
Weight of bulb yisld treatment
Increase of yield = — Weight of bulb yield in consrol X 100

Weight of bulb yield in control

and DNA methylation (Dugassa ef al
1996) Colonization with VAM fungi also
results in an increase of amino acid pro-
duction especially arginine which inhibits
the sporulation of the pathogen (Bal-
tuschat and Schinkbeck, 1975). Exuda-
tion pattern of root also changes both
qualitatively as well as quantitatively
{Graham e al 1981),

Data of all Multi VAM treatments
showed increasing of the yield, being
54.98% to 439.03%. The higher yield
were obtained in the treatments No.3,6

and 7. These increments were 439.03 %,
343.58% and 181.48%, respectively
compared with control 1 Table (4).

In the second season during
2002/2003, significant decrease in the
infection percentage of the white rot were
showed in all Multi VAM treatments,
Treatments triple No.3 and doubie No.6
reduced the infection percentage of white
rot, ranging between 40-43% compared
with control, being 95%. Also, significant
results were showed between treatments
No.3 and 6 compared with treatment sin-
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gle No. L. However, not significant results
were obscrved between the other treat-
ments. The same treatments showed with
application No.3, No.6 and No.7, resulted
in 37.8%, 52.6% and 47.3%. All Multi
VAM treatments recorded an increase in
the obtained yield, being 34.31 % to
640.44%. Multi VAM treatments No.3
and No.6 recorded an increase of the
vield, being 4.0 and 6.0 folds compared
with the control Table (5).

These results were interpreted by
(Gerdemann, 1968 and Boatman ef al
1978) who stated that Allium spp, includ-
ing garlic are extremely responsive to
VAM symbiosits and stunting of onion
growth in the absence of VAM fungi has
been well documented. Also, (Koch ef al
1997) found that VAM inoculation garlic
plants greatly increased the rate of photo-
synthesis including higher fresh and dry
weights compared with non inoculated
plants The increased growth of the My-
corrhizal plants may attributed to the in-
crease of photosynthesis. Also, higher
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photosynthesis in Mycorrhizal plants in
pot grown plants of a variety of species
has been found by several workers
(Johnson, 1984; Brown & Bethlenfal-
vay, 1987 and Allen e al 1981).

Field experiments

Data in Table (6) show a significant
decrease in the infection percentages of
white rot compared with the of the con-
trol by using all Muiti VAM treatments
during 2001/2002 and 2002/2003 grow-
ing seasons. Treatments triple No.3, dou-
ble 6,2, single No.7 and treatment double
4 recorded the highest efficacy ranged
between 53.1% and 61.7% during the
first season 2001/2002. On the other
hand, efficacy of these treatments ranged
between 49.5% to 64.4% during
2002/2003 season. Also, treatments No.3
and No.6 decreased percentage of infec-
tion between 11.6%, 8.0% and 11.9%,
8.8% during the two scasons, respec-
tively.

Table 5. Effect of Formulated AMF (Muiti VAM) on the infection percentages of white
rot and onion bulb yield under greenhouse conditions during 2002/2003

growing season.

Treatments Infection % Efficacy % ;_?;Tag?gt ;ffb;;g Ir;c.:;zs;)of
1 70 263 16.87 3431
9 60 36.8 282 124.52
3 40 57.8 93.0 640.44
4 53 42.1 26.77 113.13
5 60 36.8 29.6 135.66
6 45 526 79.25 530.97
7 50 47.3 43.4 245.54
8 g5 0.0 12.56 0.0
9 Zero - 54.0 32993

L.8.D 5% 20.4 5.4

Ammnals Agric. Sci., 4%(2), 2004
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Table 6. Effect of Formulated AMF (Multi VAM) on percentages of white rot infection
on onion during 2001/2002 and 2002/2003 growing season. under ficld condi-

tions of Mallawi Research Station, Minia governorate

Treatments 2001/2002 2002/2003
Infection % Efficacy % Infection % Efficacy %

1 14.8 511 11.8 48.2
9 13.0 57.0 10.0 56.1
3 11.6 61.7 8.0 64.4
4 14.2 53.1 11.5 49.5
5 16.4 458 12.1 46.9
6 11.9 60.7 8.8 61.4
7 13.7 54.7 16.7 53.0
8 303 228 0.0

L.8.D 3% 1.1 57

The lowest efficacy was showed by
using treatments single No.5 ranged be-
tween 43.8% and 46.9% during the two
seasons Table (4). These results agres
with (Andrea ef af 1996) who stated that,
Mycorrhizaion infection delayed onion
white rot epidemics by 2 weeks and pro-
vided a significant protection against the
disease for 11 weeks after transplanting.

Therefore, there was an observation of
a decrease in the incidence of S. cepi-
vorum discase from 92 to 28.7% at natu-
ral infestation. Furthermore, as reported
by (Zhengjia and Xiangdong, 1991)
inoculation with Mycorrhizal fungi be-
fore planting conferred more complcte
protection against pathogens.

The present observations that My-
corrhizal plants suffer less colonization
by pathogens and that disease incidence
is reduced with the addition of Glomus

confirms what has been found and sug-
gested by other researchers (Dehne 1982
and Hag ef al 1987).

All Mycorrhizal (MV) treatments sig-
nificantly increased bulb yield than the
conirol in both field experiments. Appli-
cation of Multi 'VAM No6 was the
higher yield and increase of yield ranged
between 135.4%, 106.3% and No. 3
107.5%, 92.3% Table (7).

In general, increase of yield was re-
corded in the different applications MV
treatments during the two scasons com-
pared with control. These increase were
37.9 to 135.4 % during the first season
and 32.6 to 106.5% during the second
season. The same results were recorded
by (Andrea ef al, 1996), who stated that
Mycorrhizal planis showed increase of
onion bulb yield 22%, regardless of the
presence-of the white rot pathogen.
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Table 7. Effect of Formulated AMF (Multi VAM) on onion bulb yield 2001/2002 and
2002/2003 growing season. under field conditions of Mallawi Research station

Minia governorate
2001/2002 2002/2003
Treatments . . Increase of
Yield (kg/plot) yicld % Yield (kg/plot) sield %
1 12,9 63.2 135 46.7
9 132 67.0 14.7 59.7
3 16.4 107.5 17.7 92.3
4 10.9 37.9 122 326
5 14.6 848 15.8 7.7
6 18.6 1354 190 106.5
7 17.0 1151 13.6 - 102.1
8 7.9 92 0.0
L.SD 5% 3.46 28
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