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Abstract

The survey which was carried out in alfalfa piantations at Ismailia
Agricultural Research Station in seasam 1998/99, indicated that the inci-
dence of Verticillium wilt ranged from 1.9 to 16.6%. The highest per-
centage was recorded in June, while the lowest was in February. No wilt
symptoms was found in January. Aphids were found throughout the year
and their population ranged in between 1.3 and 13.2 insect per plant.
Highest population was found in March, whereas the lowest was in Au-
gust and September. Natural percentage of field aphids contaminated
with Verticillium ranged from 1.3 to 7.5 % and caused 16.7 and 33.3 %
infection, while artificially ones (laboratory strain) resulted in 76.7 and
90% wilted plants for cut and uncut planted, respectively. Spraying cut
and uncut plants with the spores of the fungus caused 43.3 and 6.6%
wilted plants, respectively. Treatment with Verticillium spores reduced
the length and weight of shoot and root as well as protein contents in
cut and to a greater extent in the uncut plants. Both aphids (laboratory
strain) free from Verticillium and the artificially contaminated caused
greater reductions of the growth rates.

INTRODUCTION

Importance of alfalfa Medicago sativa has increased in Egypt to meet the increas-
ing of local consumption of forage crops. Alfalfa occupies an important position mainly
in the newly reclaimed areas to improve soil type and to avoid the competition with
other ordinary crops.

Due to its perennial nature, f’es‘ complex associated with it is varied and in-
creased, specially late in the season, when the plants are left to produce seeds. El-
Adawy et al. (1996) recorded Aphis spp., Hypera brunnipennis, Thrips spp. and Liriomy-
za congesta as pest species on forage crops in Ismailia Governorate.

Alfalfa is also subjected to stand injury and yield loss due to diseases caused by
vascular wilt pathogens. Atkinsin, 1981 ; Christine and French 1982 and Billar, 1989
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reported that Verticillium wilt can drastically reduce yield and affect the quality of hay.

Recently, numerous investigators confirmed that some species of insects includ-
ing pests, predators and pollinators are important vectors of spores of some pathogens
(Harper and Huang, 1984; Huang et al., 1986).

The objectives of this study are to:

- Clarify the role of aphids in dissemination of the Verticillium wilt and
- Determine the effect of each of the aphids and Verticillium on plants height, yield
(fresh & dry matter) as well as protein contents.

MATERALS AND METHODS

1. Survey : Alfalfa (Medicago sativa L.) was seeded on the 10'" of November 1998
in four plots (200m? each.) at the farm of Ismailia Agricultural Research Station. Regu-
lar agricultural practices were carried out. For monitoring aphids, 100 plants/plots were
picked randomly (around and across each plot), at monthly intervals and directly prior
to cutting. Samples were put in paper bags provided with a piece of cotton saturated
with ether as anaesthetic to insects and then transferred to the laboratory. Alfalfa
plants of each sample were carefuly inspected and the number of prevailed aphids was
recorded.

To estimate percentage of aphid contaminated with Verticillium spores, 100 aph-
ids individual (from each plot) were separately collected, each in a glass tube by the aid
of fine brush sterilized in alcohol. Aphids were killed individually by sterilized forceps,
then each was placed on PDA (Potatoes Dextrose Agar) medium in petri dishes and in-
cubated at 20°C for one week. The cultures were examined for Verticillium albo atrum.
The percentage of contaminated aphids was calculated.

To estimate the percentage of infected plants with Verticillium wilt, 10 random
wilted plants from each alfalfa plot, around and across each plot, were sampled month-
ly through the growing season. Stem segments of the wilted plants were surface steril-
ized in 5% sodium hypochlorite solution for two minutes then rinsed several times in
sterilized distilled water and dried between two sterilized filter paper. The sterilized dry
stems were cut into small pieces then placed on PDA medium in Petri dishes for one
week at 20°C. The growing colonies were checked for V. albo atrum.

Pathogenicity technique of Boodly and Seldrake (1977) was employed to evalu-
ate the pathogenicity of the isolated fungus, from each of aphid and wilted plant.
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2. Role of aphid in the transmission of Verticillium wilt to alfalfa :
Aphids used in the present study were collected from alfalfa plants and reared in muslin
10 cages (0.60 x 0.60. x 1.00 m). Each cage contained four pots, each planted with
10 alfalfa plants. The cages were kept in a controlled green house. Aphids colony was
reared for 3 months away from any contamination at 25°C + 2 and 50+ 5 % RH., cages
showing wilt symptoms were excluded.

Forty other cages containing alfalf plants, were left for 8 weeks before carrying
out the experiment. The plants in 20 cages were cut to approximately 6 cm high by
sterile shear. The other cages were left without cutting. Sixteen hundred individual aph-
ids were allowed to move across a culture of Verticillium albo atrum so they get con-
taiminated with fungual spores. Four cages with whole plants and four cages with cut
plants, each was provided with 200 contaminated aphids. The same number of cages,
were infested each with 200 aphids free from fungual contamination. Eight cages each
was supplied with 200 contaminated aphids (field strain) and 8 cages were sprayed
with suspension of Verticillium albo-atrum spores. The remaining cages were kept away
from being infested with aphids or contaminated the fungus and served as control. All
cages were kept at 25+2°C and 60+5% R.H. Four weeks after treatments, severity of
symptoms were scaled on an 1 to 5 according to Ireland and Leath (1987) where: 1=
green leaves, 2 = general chlorosis of leaflet, 3= leaf necrosis and leaf curl on < 50% of
stem, 4 = leaf necrosis and leaf curl on >50% of plant and 5= wilted stem with chloro-
sis, necrosis and leaf curl. All plants of each treatment were checked for the infection
with the Verticillium wilt.

3. Effect of both aphids and Verticillium on alfalfa plants phenology

a. On plant height (the length of the stem) : Length of stem of each
treatment was measured after 4 weeks from the treatment.

B. On fresh yield : Plants stems and roots were cut and each was weighted

C. On dry matter : Fresh samples were dried in an oven at 70°C to constant
weight. Dry matter was determined according to the methods of Chapman and Pratt
(1961)

D. On protein content : Nitrogen percentage was estimated by Kjldahl meth-
od using Kijelte system (AOAC, 1954). Protein content was calculated by multipling
N % x 6.25 where 6.25, is constant value.
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RESULTS AND DISCUSSION

Data in table 1 showed that the highest percentage of infected plants with Verti-
cillium wilt were recorded in June and July (16.6 and 16.5%) respectively, whereas the
lowest one was observed in February (1.9%). In January no infection was recorded.
Aphids were found on the alfalfa plants throughout the year. Highest (13.2 insect/
plant), and lowest (1.2 insect/plant) numbers were recorded during March and Septem-
ber; respectively.

Table 1. Percentage of naturally infected plants and aphids with Verticillium albo atrium
in an alfalfa field at Ismailia in 1999.

Month | % Verticillium infected [ Mean number of aphid / %
plants plant contaminated aphids

January 0 8.7 1.3
February 1.9 9.8 2.3
March 5.5 13.2 7:5
April 8.3 12.4 3.8
May 11.7 7.9 3.3
June 16.6 4.3 2.3
July 16.5 1.9 2.8
August 11.5 1.3 2.3
September 9.5 1.8 3.3
October 8.6 2.3 3.8
November 5.6 3.3 1.3
December 6.2 6.5 1.5
L.S.D. 2.217 5.11

Percentage of the contaminated aphids with Verticillium spores, varied from 1.3
to 7.5 %. The highest percentage occurred during March, whereas the lowest was dur-
ing January, November and December.

All isolations of Verticillium albo atrum from wilted plants and aphids were found
pathogenic to alfalfa plants.

It is obvious that there was a gradual reduction in aphids population started from
May, faced with gradually increase in Verticillium wilted plants. This may be due to the
infection with Verticillium by aphids occurred early and disease development and symp-
toms expression took time, accompanied with the natural changes in the population of
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aphids which had lower population. Harper and Huang (1984) showed that spores of V.
albo - atrum are not produced on infected alfalfa plants in the early growing season.
Also, the contaminated insect may be moved within the field and caused multiply infec-
tion.

Data in table 2 showed that aphids artificially contaminated with V. albo atrum
spores resulted in 76.7 and 90% infection on cut and uncut plants, respectively, while
the field strain resulted in respective values of 16.7 and 33.3%. Spraying cut and uncut
plants, with the spores of the fungus caused wilt infection ranged betweenn 43.3 and
6.6 %, respectively.

Table 2. Percentages of infection and disease severity scores on alfalfa plants treated
with contaminated and uncontaminated aphids and spores of Verticillium albo

atrum.
Cut alfalfa plants Uncut alfalfa plants
Treatments Percentage of | Disease severity | Percentage of | Disease severity
infected plants. score* infected plants. score *
Artificial Contaminated Aphids 76.7 4.2 90.0 4.8
Aphids(field strain) 16.7 1.3 33.3 2.3
V.albo atrum spores 43.3 2.5 6.6 1.6
Uncontaminated aphids 0 1 0 1
Untreated 0 1 0 1
L.S.D. 34.9 0.836 24.2 0.456

*According to the proposal of Ireland & Leath ( 1987).

No wilted plants were recorded when cages were not subjected to aphids or sup-
plied with uncontaminated aphids. Percentage of wilted plants was higher on uncut
plants when treated with artificially and field contaminated aphids. The contrary was
obtained when plants were sprayed with the fungal spores, whereas percentage of the
wilted plants were higher (43.3%) on cut plant than on the uncut ones (6.6%).

The result may be explained by that aphids feeding on the young leaflet are ac-
tive on plants before being cut and frequantly the infection increased, but after cutting
aphids aggregate on the base of the shoot or may be winged and start to emigrate.
The cut plants sprayed with the spores, show high percentage of infection as a result
of the direct contact between the spores and the plants, which facilitating the spores
gaining an access into the plants.
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Data in tables 3 & 4 showed that all treatments affected the length, weight and

protein contents of alfalfa plants, but the effect varied from one treatment to another.

Table 3. Effect of different treatments with Verticillium on length, weight (shoot &

root), dry matter and protein content of cut and uncut alfalfa plants.

Treatments Cut alfalfa plants Uncut alfalfa plants
Plant length | Shoot | Root | % |[% protein [Plant length | Shoot | Root | % {% Protein
Cm. Weight g. [Weight g. | D.M | content Cm. | Weight g. |Weight g. | DM | content
QL‘:'?:;?:med . 22 | 104 fie7]| 180 | 131 | 18 | 103 7.6
Aphids (field strain) 9.2 5.3 10.1 |16.0f 187 214 3.1 122 [0.7] 198
V.albo atrum spores 20.0 7.8 10.1 ]i6.0] 2.3 221 3.5 99 (45| 213
Uncontaminated Aphids 9.5 4.0 113 [14.1} 213 21.7 1.5 9.6 |13.8] 20.1
Untreated 20.6 7.8 13.8 [18.1] 21.4 43.4 17.7 | 15.3 |12.0] 22.7
L.S.D. 2.803 2.02 | 1.75 4.43 2.56 | 3.08

Table 4. Percentage change (+,-) of length, weight (shoot & root), dry matter and pro-

tein content of alfalfa (cut & uncut plants) in treated and untreated plants.

Treatments Cut alfalfa plants Uncut alfalfa plants
Plant | Shoot | Root | % % Plant | Shoot | Root | % %
length | Weight | Weight | D.M* | protein | length | Weight| Weight | D.M* protein
(em) | (gm) | (gm) |(gm) | content| {cm) [ (gm) | {gm) [(gm) | content
Artificial 62.6 | 73.2 | 24.6 {42.7| 15.9 | 61.9 | 89.8 | 32.7 |70.0 | 22.5
Contaminated Aphids
Aphids  (field strain) |55.3 | 53.4 | 26.4 [22.1] 12.6 | 38.7 83.5 | 20.3 |41.7| 12.8
V.albo atrum spores 29| 49 {268 {221} 0.5 |19.5|35.0| 37.3 }20.8] 6.2
Uncontaminated Aphids {53.9 | 51.2 | 18.2 [7.61]| 0.5 |35.8]80.2 | 353 |15.8] 11.21

*D.M = Dry matter (increase)

The artificially contaminated aphids caused reduction of 62.6, 73.2, 24.6 and
15.9 % of cut plant and 61.9, 89.8, 32.7 and 22.5% of the uncut plant in the plant
height, shoot weight, root weight and protein content, respectively, whereas the field
strain’s respective value were 55.3, 53.4, 26.8 and 12.6 for the cut plant and 38.7
83.5, 20.3 and 12.8 % of the uncut plant, respectively.
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Spraying plants with Verticillium spores reduced the length, weight (shoot &
root) and protein contents of the cut plants by 2.9, 4.9 , 26.8 and 0.5 %, respective-
ly, while correspondent values were 19.5, 35.0, 37.3 and 6.2% for the uncut plant, re-
spectively. Uncontaminated aphids (laboratory strain) reduced the same parameters by
53.9, 51.2, 18.2 and 0.5 % in the cut and by 35.8, 80.2, 35.3 and 11.5 % in the un-
cut plants, respectively.

The different treatments increased the percentage of dry matter of alfalfa
plants, it ranged between 7.6% and 70% according to the treatment and plant organ
examined.

The results showed that Verticillium wilt was absent throughout January al-
though the captured aphids were contaminated with the fungus.

It is obvious that all treatments reduced the length and weight of shoot and root
as well as the protein content. This may resuit from the aphids feeding on the top of
the plant, thus keeping the length shorter than normal. Klostermeyer (1962) reviewed
that high levels of pea aphid, Acyrthosiphon pisum, feeding have been associated with
cessation of apical growth. The dryness of plant tissue as a result of infection with Ver-
ticillium also led to the same result. The lesser reduction on root weight than on shoot
may be attributed to that the damage is mainly directed to the shoot rather than the
root system. The increase in dry matter percentage may be attributed to the reduction
in water content as a resuit of aphids feeding and water deficits in plant parts as a re-
sult of Verticillium infection which may lead to the destruction of the whole plant. Data
reported herein showed that the alfalfa aphid play an important role as a vector of Ver-
ticillium albo atrum to alfalfa.

The obtained data are in agreement with that otained by Rassoulian (1989) who
reviewed that Aphis pisum and Therioaphis trifolii reduced foliage yield by 27.7 - 75.5
and 20.51 % respectively, while T. trifolii reduced the protein by 25.5 % compared
with uninfested plants.

In conclusion, alfalfa aphids play an imporant role in transmission of Verticillium
spores. Both reduce the yield and protein content so, it becomes necessary to protect
alfalfa plant against aphids infestation and to avoid the aggravation of infection with
Verticillium. 1t is better to avoid the use of chemical pesticides to control the aphids,
because the contaminated aphids that may be present in a low proportion is enough to
transmit the fungus spores and iradication of the pest by using pesticides is impossible.
So, cutting is the ideal methods to control the pest when necessary. If there is a neces-
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sity to control aphids throughout the period before collection of seeds when cutting is
stopped, natural or bio substances can be used and seed dressing can also be made
out. The obtained resulis are in agreement with that obtained by Christan (1982) who
reviewed that Verticillium conidispores were observed on some aphids killed and incu-
bated on selective medium.
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