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ABSTRACT. An eleven months survey of the total bacteria and Agrobac-
terium of seven fields in three Jordan Valley nurseries showed significant
differences between cultivated and non-cultivated fields at the same
nursery, between cultivated fields in different nurseries and between
non-cultivated fields in different nurseries. The total bacterial count had
its highest value in April for most of the study fields (except a sterilized
one); also the highest mean count of agrobacteria was in April at Baqura
and Rayyan fields. Seventy-two strains of Agrobacterium were isolated;
twenty-three of them belonged to biovar I, eighteen to biovar II, and
thirty-one to biovar III; however only nine of them were pathogenic;
seven of the pathogenic strains belong to biovar II, and two to biovar III.

The Gram negative, rod shaped, aerobic, mesophilic bacteria of the genus
Agrobacterium are found abundantly in soil and can survive there for many years
(De Boer 1982), they form gails in plants (Kerr 1969). Species of Agrobacterium
are more abundantly present in the rhizosphere than in the nearby soil (New and
Kerr 1972, Bouzar and Moore 1987). A pre-requisite for gall formation is
wounding of the host plant. Infection can occur during various stages of the life of
the plants via wounds caused by growth, germination, subterranean insects or
mechanical injuries (pruning, grafting, and replanting of trees). The microflora of
the rhizosphere differs, both quantitatively and qualitatively, from that in the soil
beyond the influence of the root (Deavin et al. 1981), however the rhizosphere
effect depends on the type and age of plants as well as the type of microorganisms
present in that region; it may have a stimulatory or inhibitory effect.

The taxonomy of the genus Agrobacterium has been treated by using different
approaches, e.g. clustering, grouping, and biotyping (White 1972, Kerr and
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Panagopoulos 1977). In recent years failure in grafting vine in Jordan increased
tremendously (pers. comm. of the Ministry of Agriculture). Since an investigation
of the soil microflora and in particularly of pathogenic bacteria has not been carried
out in Jordan as yet, we started a project to survey plant pathogenic bacteria in
Jordanian soil. In the present work the monthly variation of the total viable
bacterial count and agrobacterial count were determined, and the biovars of
Agrobacterium were identified. No significant correlation was found respectively
between the viable count of total bacteria, agrobacteria and some environmental
factors: temperature, humidity, pH and organic matter content of soil.

Materials and Methods

Seven areas of grapevine nurseries were included in this study:

(a) Baqura Nursery: (1) Grape cultivated (Bg), (2) Control non-cultivated
(Be).

(b) Rayyan Nursery: (1) Grape cultivated (Rg), (2) Control non-cultivated
(Rc).

(¢) Deiralla Nursery: (1) Grape cultivated and sterilized by methylbromide
just before cultivated (D1), (2) Grape cultivated non-sterilized (D2), (3)
Control non-cultivated (Dc).

Sampling and treatment of soil: Monthly samples consisted of a mixture of
nine Auger holdings collected from the top 20 cm (after removing the upper 2-3
cm) at selected areas from each of the study fields. The soil mixtures were dried at
room temperature, sieved in 2xX2 mm sieve and one gram was suspended in 100 ml
sterile distilled water and shaken at 190 rpm for 30 min. After serial dilution 0.1 ml
of the dilution 107> was spread with a sterile L-shaped glass rod on standard plate
count agar for total bacterial count and on the medium of Kado and Heskett (1970)
medium for agrobacterial estimation. Plates were incubated at 27°C for 2-3 days.
From each sample three plates were inoculated and the average of their counts was
taken as the mean count.

Identification and biotyping: Suspected colonies of Gram-negative agrobac-
teria were further purified and identified according to Cowan and Steel (1965),
Kersters and deley (1984), and Sile (1978). For testing pathogenicity 24 h old
bacterial cultures were inoculated into a young stem of tomato, tobacco and
kalanchoe and results recorded after 1-2 months. For biotyping of the isolates the
procedure of Kerr and Panagopoulos (1977) was followed.
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Results

As shown in Fig. 1, the viable mean count of total bacteria during the study
period showed its maximum in April for most of the study fields except D1. The
mean count then decreased gradually until it reached its minimum mostly in
January.

Viable mean counts of agrobacteria on Kado and Heskett medium showed its
maximum in April for Baqura and Rayyan fields, in November for D1, in
December for Dc and in February for D2 as shown in Fig. 2.

The percentage of agrobacterial count in relation to total bacterial count which
was set as 100% is shown in Fig. 3. Lowest values were in April for most of the
study fields. The percentage varied from 0.005% at Bg in April to 16.66% at D2 in
December. Variations in these results may be due to species composition in these
fields. It seems that agrobacteria respond differently from total bacteria to changes
in the soil environment; they prefer a lower temperature.

Seventy-two isolates were identified as strains of Agrobacterium. Twenty-
three of them belonged to biovar I, eighteen to biovar II and thirty-one to biovar
I11. However only nine of them were pathogenic at least on one of the tested hosts
(Table 1). The biochemical characteristics of these isolates is shown in Table 2.
Only slight differences (not significant) were observed in the values for humidity,
organic matter content, pH and temperature in these fields.

Discussion

Analysis of variance (ANOVA) of the mean counts of total bacteria and
agrobacteria showed significant differences between the fields of the three
nurseries, between the fields of each nursery and between the monthly interval
samples within the same nursery.

The reproduction of soil microorganisms is influenced by many factors such as
plant type, plant age, plant exudate, soil type, soil fertility, soil moisture and the
presence and influence of other microorganisms (De Boer 1982). On one occasion
one factor, on another occasion another factor acquires the main importance. In
this study, the variations in the bacterial counts could be due to uncontrolled
fertilization, removing of grasses and irrigation of these fields. They were treated
randomly and not at the same day.
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Fig. 1. The mean viable count of total bacteria on standard plate count agar of the different fields per gram of dried soil.
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The estimated agrobacterial percentage in this study was higher than that
mentioned by Alexander (1982). Low pathogenicity of the isolates may be due to
the fact that most of the soil isolates were saprophytic as reported by New and Kerr

Table 1. Number of samples, number of agrobacteria, number of pathogenic agrobacteria, and number
of isolates in each biovar

No. of No. of isolates
Number of No. of total pathogenic in each biovar
Soil samples agrobacteria agrobacteria
1 11 I
D1 11 0 1 1 4
D2 11 7 1 2 2(1) 3
Dc 11 3 1 0 2(1) 1
Bg 11 16 1 6 4(1) 6
Bc 11 10 1 5 21 3
Rg 11 16 S S 3(3) 8(2)
Rc 11 14 0 4 4 6
Total 77 72 9 23 18(7) 31(2)
Number in parenthesis represents pathogenic isolates.
Table 2. Biochemical characteristics of Agrobacterium isolates
Biovar
Test
I I 11
(1) Catalase 100* 100 100
(2) Oxidase 95* 25 39
(3) Utilization of:
Mannitol 100* 100 100
3-keto-lactose 100* 8 11
Melezitose 95* 0 100
Raffinose 95* 25 39
Malonate 9* 92 94
Tartrate 45* 92 88
Citrate 31* 83 88
(4) Urease 100* 100 100
(5) H2S production 100* 100 100

* Percent positive strains.
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(1972), Bouzar and Moore (1987) or it may be due to host range specificity as
reported by Yanofsky et al. (1985). It was higher than that reported by Schroth et
al. (1965). Biovar III was dominant over the other biovars of Agrobacterium in this
study; this may be due to the fact that these fields were repeatedly cultivated with
grapevine during the last three years, and that biovar III is the most frequently
isolated one from grapevine tumors (Kerr and Panagopoulos 1977, Perry and Kado
1982 and Ma et al. 1987).
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