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CHARACTERIZATION OF S1X BACTERIOPI{AGES ACTIVE
AGAINST RHIZOBIUM LEGUMINOSARUM BV, VICEAE
i1}

Sulem’, S.H.; Fataa L. El-Zamik'; H.1. Abd E-Fattah'
and MLA, Radwan'

ABSTRACT

In this studv. four temperate (TP) and two lyiic (LP) isolates of rhizobiophages
specific for R feguminosarum by, viceae were isolated. (from 22 rhizospheric soil
samples and nodules of growing broad bean plants from different locations in
Egvpt). purified, and their morphological and biologic.il propertics as well as some
physical factors affecting them were determined. Electron microscopy studics have
shown (hat the tested temaperale phages were identical in morphology and had dif-
ferent dimensions, a prolate icosahedral head capsids, short non-contractile tails, and
a distail tail knobs. On the other hand, the lytic phages were differentiated in two
morphological types. the lytic phage (LP2) had a spherical head, short non-
contragtile tail and a visible distail tail knob. while the LP,, phage had a icosahedral
head. short non-contractile tail and non-visible a distail tail knob. Also. the growth
parameters studies revealed that all the tested phages exhibited different adsorption
rates. maximum adsorption times, percentages of adsorption, averages of burst size.
risc periods. but they bad. almost, a identical latent periods (60 min.). Diffcrent re-
actions were recorded for the tested phages. when they were tested for their theninal
stability at 35 to 75°C for 20 min.. their stability at pH ranging from 2.0 to 14.0,
their viability to storage periods (30, 60 and 90 days) at low temperatures (below 0
and 4°C). and their sensitivity to UV-irradiation (at 30 ¢ for 30 min.). in general,
the Ivtic phages (LP» and LP,,} were more stable and had higher titers than those of
temperate phages (TP2. TPss. TPy, and TPy in most tested factors.

Key words: Rhizobiophages, Morphological types, Biological properties. Physical
factors, Electron microscopy
INTRODUCTION Radwan (1994); Hammad et al (1997;

Ali et al (1998) and Hammad and Ali

In Egypt. rhizobiophages were found  (1999) and their results indicated that the

to be common in the Nile valley soils
cultivated with leguminous plants. Emam
et al (1983); Othman (1986); El-
Didamony {1995); Salama (1992);

phage titer was high in the rhizospheric
zone, root-nodules and cultures of rhizo-
bia. Rhizobium phages are of particular
interest because of the ability of their
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hosts to fix atmospheric nitrogen and they
are considered of the most biological
factors influencing the functions of rhizo-
bia, the process of N:-fixation and the
growth of host plant, Evans ef al (1979)
and Barmet (1980). Now, it is well
known that these phages are often associ-
ated with inoculation failure (Kyuken-
dall and Hashem, 1998 and Sharma et
al 2002). Apart from their importance as
a biotic pressure on Rhizobium, rhizobio-
phages have potential applications in (i)
the development of ecologically com-
petitive phage-resistant inoculants; (ii)
biological control of indigenons infective

strains (Kyukendall and Hashem, 1998

and Sharma er af 2002), (iii) their utility
as siable markers for identification, enu-
meration and tacking of indicator bacte-
rial strains (Lindstrom er @/ 1990); and
(iv) they have transductional ability and
used as DNA vectors in genetic engi-
neering studies (Werquin e af 1989).
Most of rhizobiophages studies are lytic
(Dhar et al 1987) although lysogeny was
occasionally observed in some rhizobia
and with respect to their morphology;
these phages were classified in groups A,
B and C according to Bradley (1967).
The majority of them represent the mor-
phological group B (ElM-Wafai er al
1996).

Qur interest was focused on mor-
phological and biological characterization
of rhizobiophages under Egyptian condi-
tions as prerequisite to their use in fun-
damental and applied research. Therefore,
this study was carried out to isolate some
temperate and Iytic phages specific for
Rhizobium leguminosarum bv. viceae,
from the rhizosphere soil of Vicia faba
plants (and their nodules) grown in some
Egyptian soils, characterization the mor-
phological types of six selected rhizo-

phiophages and smdy the growth pa-
rameters, as well as, some physical fac-
tors (heating, pH, UV-irradiation and
storage period) affecting their activities
and titers.

MATERIAL AND METHODS

Rhizobia isolation

A total of 122 rhizobial isolates of R.
leguminosarum bv. viceae were isolated,
from 122 root-soil core samples of broad
bean plants growing in nine Governorate
in Egypt. These isolates were isolated,
purified and tested for their plant infec-
tion as described by Somasegaran and
Hoben (1985). And, only 22 rhizobial
isolates were chosen according to their
natural growth and the data of the pre-test
of plant infection, to be used in this smdy.
The location, type of soil samples, nomi-
nations of the rhizobial isolates, and the
chosen isolates are given in Table (1).

Rhizobiophage isolation
Isolation of temperate phages

The temperate phage was induced by
exposure the growing rhizobia, 122 iso-
Iates, counted in YEMB, Somasegaran
and Hoben (1985), from 2.0 x 10° to
8.0x10'° CFU/ml, to uitraviolet irradia-
tion, Werquin e al (1989). A 15 watt
general electric germicidal lamp 254 nm
(Philips) was used for 20 second at a dis-
tance of 30 cm. The treated.isolates were
gxamined in the lysogeny screening ex-
periment and they were cross-tested in all
possible combination with the induced
phages by the standard-pot test technique,
Adams (1959}, Only, cleven temperate
phages were obtained, Table (2). Rhizo-
bium isolates were classified as sensitive
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Tabte 1. Locations, lotal no. of soil samples and isolates and the nomination of the

choscn isolates

Total no. of - : Total no. of
Locations collecied Tj;‘:: m(:;s:u' _chosen Nomination
samples isolates
Sharkia i6 Clay 5 §2,11,22,23,24
17 Sandy clay loam 4 $26, 27,36, 112
14 Loamy sand i 5113
1 Sandy i S0
Ismailia 7 Loamy sand 1 141
Fayoum 5 Clay - -
1 Sandy clay loam - -
Menoufia 4 Clay 1 M52
4 Sandy clay loam - -
4 Heavy clay 14 M60
Kaliobia § Clay 1 K70
3 Sandy clay loam - -
7 Loamy ¢lay 1 K73
Giza 5 Loamy clay - -
Dakahlia 9 Clay 2 d89, 90
Damietta 7 Clay 2 D96, 97
Alexandria 10 Sandy clay loam 2 A101, 107
Total 122 22

only if a distance clear zone appeared in
the spotted area, against the background
lawn of the bactena (Dhar and
Ramkrishna, 1987).

Isolation of lytic phages

Phages in soil, which can infect R
leguminosarum bv. viceae were isolated
by enrichment of soil samples from the
rhizosphere of broad bean field in Sharkia
Governorate, using the method described

by Patel and Graig (1984). The corre-
sponding phages were diluted and as-
sayed by double layer technique. Adams
{1959). Only, two Ivtic phages were ob-
tained.

Purification of phage isolates

Phage isolates were purified by five
successive single passage according to
the method described by Adams (1939).
The final single plague isolates were
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designated as LP plus the number of their
tysogenic host for temperate phages, and
LP plus the number of soil sample for
lytic phages. The lysate of each phage
was centrifugated at 4000 rpm for 20
min, and the supematent was filtered
through Millipore membrane filter (0.45
um). The fltrate had 107 to 10° plaques
forming units/ml. The phages weie stored
in YEMB containing 0.5% chloroform at
4°C until use.

Characterization of rhizobiophags

Only, six out of 13 isolates of rhizo-
biophages, 4 temperate phages (TP,
TPz, TPs; and TPip) and two lyth
phages (LP; and LP;;) were chosen, ac-
cording to their maintenance and titer.
Some growth parameters for these se-
lected phages were determined as fol-
lows:

Electron microscopy studies

One hundred milliliter of rhizobio-
phages suspension were centrifuged at
30000 rpin for 90 min, using Sigma 3 k
30 centrifuge, as recommended by Bren-
ner and Horne (1959). The sediment
was suspended in 15 ml of 1.0% ammo-
niwmn acetate solution and recentrifuged at
5000 rtpm for 15 min. A drop of the puri-
fled rhizobiophage suspension was ap-
plied to a 200-mesh copper grid coated
with carbon. The grid was dried and the
phage was negative stained with 20%
urany! acetate (pH4.5). Photographs were
taken with Transmission Electron Micro-
scope. Specimens were examined in Jule
Electron Microscope (Model Juie 100
CX) at Electron Microscope Unit, Zaga-
zig University, Egypt.

Adsorption experiments

Fiitered laysate of the tested phages
was added to alog phage of their sensi-
tive rhizobia culture, at multiplicity of
infectivity 0.1 wml, according to the
method reported by Stent (1963). Sam-
ples were withdrawn every 5 min during
incubation at 37°C for 40 min periodi-
cally, diluted (100-fold) in ice coid
YEMB containing 10% chioroform and
centrifugated at 5000 rpm for 5 min. The

“supernatant was filtered through millipore

filter (0.45 um). Unadsorbed phage parti-
cles were assayed and the adsorption rate
was determined.

One-step growth curves experiments

One-step growth curve of each phage
was determined according to the method
mentioned by Adams (1959). Sensitive
rhizobia of the tested phages were grown
to a density of approximately 2.0 x 10'°
CFU/ml, and infected with phages ata
multiplicity of infection of 0.1 ml, and
incubated at 28°C for 18 hr. After 5 min.,
samples of 0.1 ml were withdrawn at
different intervals and plated onto soft
agar with an indicator isolate. The ob-
served numbers of phages in suspension
were then plotted against time, and the
latent period, rise period, and burst size
were determined as recommended by
Adams (1959).

Factors affecting activity of rhizophio-
phages

Some  environmental  conditions
affecting both isolates of Iytic and tem-
perate  rhizobiphages (heating, UV-
irradiation, pH, storage periods at low
temperatures) were detenmined as fol-
lows: The concentrated filtered phage
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suspcension of the tested ghages was
dituted to approximately 10° PFU/Mmd in
0.01 M phosphate buffcr (pH 7.0) for
studying the effcct of pH on their sor-
vival, and the effect of heat on their vi-
abitity as recommended by Dhar and
Ramkrishna (1987), as well as the cffect
of UV-irradiation on their activity, and
the effcet of two storage temperature de-
grees on their stability as described by
Dhar ¢t al (1978) were studied.

RESULTS AND DISCUSSION

in this work, eleven temperate phage
specific for R. leguminosarum bv. viceae
were isolated from 22 rhizobial isolates,
which isolated from nodules of Vicia faba
piants grown in different locations in
Egypt. Also, two lytic phages were iso-
lated from the soil samples of the thizos-
phere  of broad bean plants, out of 22 soil
samples tested.

Host range susceptibifity

The host specificity of cleven isolates
of temperate phages were examined with
22 rhizobial isolates. The obtained results
showed a wide variations of all isolated
phages, when they werg screencd on the
22 rhizobial isolates, Table (2). The tem-
perate phage (TPyo) found to have a wide
host range, fepresenting the maximum
host range of the rhizobial isolates. Five
thuzobial isolates (Sa Ly, Msz, Me and
Ajp) were lysed by this phage. Thus,
phage TPyq is considered as polyvalent
phage according to the definition of Ad-
ams {1959) who siated that specific
phage lyse only a single strain of rhizo-
bia, while polyvalent phage lyse numer-
aus rhizobia strains. On the other hand,
the phages TPy, TP%, TP s have a lim-
ited host range, which reacted only with
one rhizobial isolate. Thus, the later
phages could be nominated as specific
phages.

Table 2. Host range susceptibility of isolated temperate rhizobiophages on the chosen
isolates of R. leguminosarum bv. viceae

Temperate Susceptible thizobial isolates
phages  WNo. PFU/ml No.  PFUMmt  No. PFU/mi No. PFU/ml  No.  PFU/ml
TP24 823 2.1x10° 141 31xi0' 140 6.1 xi0* 489 7ixi00 - .
TP27 822 62x10" Alpl 72xI07 S1i2 3ixto’ - - - .
TP 8§23 1.2x10° M52 62xi10° Ms0 52xi0° - - - -
TP73 K70 1.0x10® - . . - . - . -
P88 826 3.1x10' S§36 9.4xi0® 827 20x10° . - - -
TP96 d8e 100" - - . - - . . .
TPO? AIO7 20xi¢' s119 Loxio? - - - - - -
TP10Y §26 50xi0" 141 70x10 M52 20x10° M0 7.0x10° A100 LOxiQ?
TPLID 822 30x10° 8§26 20x10° S112 7oxl0* - . - .
TPIIZ2 $23  1.0xi0' 141 7Ox10° D96 zoxl0® 490 1oxied -
TPLID 822 70xi0 - - - . - - - .
Annals Agric. Sci., 49 1), 2004




With regard to the rhizobial isolates
S22 S, Sz, Lo and 8y, they appeared
to have the higher susceptibility, which
reacted  with three or more isolates of
phages. On the other hand, the rhizobial
isolates 824, S:;G. K.';g, K‘}g, dag, dgoaﬂd dy;
appeared to have the lowest susceptibil-
ity, which reacted only with one isolate
of phage. Lysis of rhizobial isolates
by the tested phages was completed
mostly after 24 hours . of incubation.
The results obtained are in a good
agreement with those found by Barnet
{1972) who studied the host range of
28 phages from R. trifodii. She reported
that some phages showed a wide host
tange, while others were restricted to
one or a few hosts. Similarly, Radwan
(1994) found that phages RV,, RV, RV,
and RVy; exhibited wide host range, since
they infected different isolates of R
leguminosarum bv. viceae hosts. In
contrast, phage RV, had a very narrow
host range lysing only one of the 20
isolates of rhizobia tested. Again, Al
et al (1998) mentioned that phages
having host ranges across different
genera of root nodule bacteria may
be important in horizontal gene
transfer in soil and should be further
explored. _

In a trial to explain the relationship
between the characters of the rhizobial
strains and phage susceptihility deter-
mining the host range, Emam e of
(1983) stated that the ability of phage
particles to lyse rhizobia strains depended
upon the presence or absence of receptors
for rhizobiophage adsorption. Aiso,
Kankila and Lindstrom (1994) reported
that the host range of all types of phages
was inversely related to the level of
susceptibility of phage DNA to restriction

EnZymes.
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Electron micrographs

Four selected temperate phages and
two lytic phages, out of 13 isolated rhizo-
biophages, were examined and their mor-
phological types as revealed by clectron
microscopy were described as showa in
Figure (1) as follows;

The results obtained show that alf the
characterized phages negatively stained
with uramyl acetate had a phage-like
morphology with non-contractife tail. The
isolated temperate phages (TPy and TPyy)
appeared to be similar, o some extent,
and the other two temperate phages (TPgs
and TPyy) were similar also in their di-
mensions and morphology, as shown in
Figure {1). These phages had aprolate
icosahedral-head capsids as compared to
the known phage T4 (£ coli phage), and
had a short tails and a distai tails knobs,
which were visible in the virion. These
examined phages were similar, 10 great
extent, to the RL, phage isolated from R.
leguminosarum SU-391 by Dhar et al
{1987). Also, Werguin et al (1989) re-
ported that R. melifoti phages heads were
icosahedral, as shown by the observation
of capsids with hexagonal and pentagonal
outlines, As for the isolated lytic phages,
the LP, phage had a spherical head and
short tail, while the LPy; phage had ico-
sahedral head, Fig. (1). Also, LP; phage
had a visible distal tail knob, while the
LP,; phage had a non-visible distal tail
knob, as shown in their virions. Again,
these tested Iytic phages had a short tail
and were similar to group C phages (8
phages) isolated from field grown Vicia
Jjaba plants in Sharkia Governorate, and
examined by El-Didamony {1995). From
the obtained results and according to the
classification of Bradley (1967) these
phages could be classified as belonging to

Annals Agric. Sci., 49(1), 2004
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Figure 1. Electron microgra;ﬁhs of the tested temperate and Iytic phage particles repre-
senting different morphological types

A: TPy magnification, X 140000 B: TPgs magnification, X 40000
C: TPy, magnification, X 80000  D: TP,y maggification, X 80000
E: LP, magnification, X 140000 F: LP;, magnification, X 140000

. Annals Agtic. Sci., 49(1), 2004
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group C, and they are supposed to contain
doubie-stranded deoxyribonucleic acid as
genetic materjal.

The results obtained show alSo the
diversity of the tested phages that may be
present in the rhizosphere and nodules of
broad bean plants grown in different
locations in Egypt. In this connection,
Sharma ez af (2002) suggested that
rhizobiophages are maintained in the vi-
cinity of their target host populations and
are spread through the man-made intro-
duction of host legumes and their thizo-
bia.

Adsorption rate

The tested six phages exhibited dif-
ferent adsorption rates, maximum ad-
sorption times, and percentage of adsorp-
tion, Table (3). Adsorption rates were
very slow and reached to their peaks after
25-30 nmunutes. The highest percentages
of the adsorbed phage particles were
87.8, 857, 76.6, 79.0, 81.1 and 53.5%
after 30, 30, 25, 30, 30 and 25 min for
TPz, TPw, TPy, TPiqy, LP; and LPy,
respectively. Adsorption rates for temper-
ate phags (TPy;, TPgs and TPyq) and LP,
Ivtic phage revealed alinear curve up to
30 min., while phages TPy, and LPy; re-
vealed a linear curve up to 25 min., which
reached the maximum percentages of
adsorption, then the adsorption rates were
gradually decreased until the end of incu-
bation period (40 min.). This mightbe a
specific property of the phage-host sys-
tem. These results are comparable very
well with those reported by Dhar ef af
(1987) and Radwan {1994) who found
that adsorption rates of rhizobiophages
RV, RV, and RV, revealed a linear
curve up to 30 min., which indicated that

LS

adsorption rates followed a kinetics of the
first order reaction.

One-step growth curve

It was determined for the tested six
phages and the results are shown in Table
{4). All the tested phages under study had
almost identical latent periods {1 hour).

After that, there was an exponential
rise in the phage titer, which reached the
maximum after 5 hours for TPy, LP; and
LPy;, while it reached 6 hours for TP,s,
TPss and TPy phages. In this concem,
Dhar et al (1978) showed that the latent
period of phage RL, specific R. legumi-
nosarum was 90 min, and then the phage
titer reached the maximum after 80 min.
The average burst size, which were
calcnlated from the PFU/ml values at
the plateau of one-step growth curve,
were 133, 365, 54, 38, 37 and 37 progeny
phage per infected cell for TPy, TPg,
TP, -TPin, LP; ang LPy,; phages, Ie-
spectively. Ley e« al (1972} found that
the average burst size was 100 and 130
PFU/cells for RS, and RS; phages, re-
spectively. Also, Hashem et al (1986)
reported that burst size, rise period, and
generation time for the phage active
against B. japonicum USDA-117 were
100 PFU/cell, 12 min., and 80 min, re-
spectively.

Some factors affect:ng rhizobiophages
inactivation

Thermal inactivation

The sensitivity of the tested phages to
heating for 20 min was studied, Figure
{Z). The temperate phages TPy, and TPy
were relatively more susceptible to heat
{60, 65°C) than TP and TPyg4 phages.

Annals Agric. Sci., 49(1), 2004 -
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Table 3. Adsorption rate of the tested temperate (TP) and Iytic (LP) rhizophages for R. legumuminosarum bv.

viceae

H

Incubation period TF27 P83 TP97
(min.) " PFU/ml Adsor. (%)  PFU/ml  Adsor. (%) PFU/m!  Adsor. (%)
0 7.1 x10° 0.0 9.1 x10® 0.0 2.1 x108 0.0
5 4.2 x10° 13.9 4.8 x10’ 14.3 7.2 x107 5.5
10 9.2 x10° 32.7 3.7 x10° 328 42 x10° 32.5
15 2.1 x10° 62.5 3.2 x10° 60.8 8.2 x10° 53.0
20 1.9 x10? 74.2 7.4x10° 68.0 4.2 x10? 68.5
25 7.2 x10 80.0 2.2 x10° 73.9 9.0 x10 76.6
30 1.2 x10 87.8 1.9 x10 85.7 4.1 x10° 68.6
35 6.2 x10° 57.1 8.1 x10? 56.4 2.3 x10* 476
40 7.2 x10° 338 2.4 x10° 40.0 8.2 x10° 16.9
Table 3. Cont.
Incubation period TP101 LP2 LP11
(min.) PFU/ml  Adsor. (%)  PFU/ml Adsor, (%) PFU/m} Adsor. (%)
0 6.9 x10° 0.0 3.9 x10° 0.0 2.5 x10° 0.0
5 . 2.1 x107 17.2 8.2 x10’ <79 9.1 x10" ' 5.2
10 3.4 x10° 37.4 $6.2 x108 20.8 3.8 x10° 21.7
15 7.3 x10° 56.2 1.0 xt0° 4138 7.7 x10* 299
20 9.2 x10? 66.5 9.7 x10° 53.6 1.8 x10* 493
25 28x10° 723 1.0 x10%" 65.1 9.2 x10° 53.5
30 7.2 x10 79.0 7.2 x10 81.1 8.1 x10* 64.8
35 9.1 x10? 66.5 1.9 x10? 73.5 7.2 x10* 421
40 7.3 x10° 33.7 7.2 x10* 73.4 3.1 x10° 34.6

T
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Table 4. One-step growth curve of the tested temperature (TP) and Iytic (LP) rhizobiophages for R. legumumi-

nosarum by, viceae

TP88

TPS7

Incubation period TP27 ,

" (hr) PFU/ml log PFU/ml log PFU/m} log
0 1.3 x10* 4.11 9.2 x10° 3.96 1.2 x10* 4.08
1 1.3 x10* | 4.11 9.2 x10° 3.96 1.2 x10* 4.08
2 6.2 x10° 6.79 7.2 x10° 6.86 3.4 x10 7.53
3 8.1 x10’ 7.91 2.8 x10 7.45 2.1 x108 832
4 7.3 x10° 8.86 7.7 x10% 8.89 '9.2x10° 9.96
5 3.2 x10° 9.51. 2.1 x10° 932 2.1x10'° 10.32

6 8.4x10'° 10.92 7.2x10'° 10.86 4.2 xt0° 963
12 2.3 x10° 936 1.2 x10® 8.08 2.3 x10’ 7.36
18 1.2 x10° 6.08 1.2 x10° 6.08 1.2 x10° 5.08
Table 4. cont.
Incubation period TPI101 LP2 LP11
(hr.) PFU/ml log PFU/ml log PFU/ml _log

0 3.2 x10° 3.51 8.1 x10% 2.91 2.0 x10° 4.30
1 3.2 x10° 3.51 8.1 x10° 291 2.0 x10* 430
2 2.7 x10° 5.43 7.2 x10° 6.86 9.2 x10° 6.96
3 1.1 x10° 7.04 2.1 x10 7.32 2.1 x10° 732
4 9.2 x10% 8.96 3.1x10® 8.49 1.0 x10° 8.00
5 5.3 x10° 9.72 4.2 x10° 8.62 2.4 x10° 8.38
6 7.3x10™ 10.86 4.2 x10° 8.62 2.4 x10° 8.38
12 8.2 x10° 8.91 9.1 x10’ 7.96 8.1 x10’ 7.91
18 2.1 x10° 6.32 7.1 x10° 6.85 1.3 x10 7.11
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Figure 2. Inactivation percentage (%) of the tested temperate (TP) and lytic (LP) rhizo-

- biophages by heating for 20 minutes

Their thermal inactivation patierns were
exponential at 70°C. In lytic phages, the
LP,, was relatively more susceptible to

heat than LP, and their thermal inactiva-

tion patterns were exponential at 75°C.
Generally, the activity of these phages
decreased gradually when the phage par-
ticles were exposed to temperature more
than 35°C “for 20 min, and it was almost
completely inactive at 70to 75°C. Also,
the temperate tested phages were gener
ally more rapidly inactivated as compared
to the tested lytic phages,

These results are in a good agreement
with those of Dhar ef af (1993) and
Ahmed and Morgan (1994), since
they found that inactivation of different
rhizobiophages increased by increasing
the temperature degrees. They also re-

ported that the percentage of inactivation -
varied and depended on the phage type
and time of exposur¢ and {emperature
degrees.

Sensitivity to UV-irradiation

It was determined for the tested
phages and the results are recorded in
Figure (3). In general, the phages were
rapidly affected by increasing the tirne of
exposure 10 UV-irradiation. Also, their
activities were gradually decreased as the
time of exposure was proceeded and they
were completely inactive at 30 min. The
TPgs, TPy and LP,; phages were more
sensitive to UV-irradiation than TPa,-
TP;;w and LP, phages, hence the first
group lost their activities after 25 min.

Amnals Agric. Sci., 49(1), 2004
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100 - —a— TP88
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0 ] N
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Figure 3. Inactivation percentage (%) of the tested temnperate (TP) and lytic (LP) rhizo-
biophages by exposure to UV-irradiation

exposure, but the latter remained active
after that and lost their activities com-
pletely after 30 min. ~

Based on the sensitivity of these
phages, they could be classified into two
groups, sensitive group (TP, TPy and
LP,) and relatively resistant ones (TPsgg,
TPs; and LP);). These phages seem to be
more resistant to UV-irradiation as com-
pared with those isolated by Dhar and
Ramkrishna (1987) who found that RC;,
RC; and RC; were relatively resistant to
UV-irradiation. However, the sensitivity
of different rhizobiophages to UV-
irradiation varied depending on phage
type, time of exposure and distance,
Dhar ef al (1993).

Stability to different pH

The stability of the tested phages to
different pH values was investigated in
YEM. medium, Figure (4). The results
show that after incubation for an hour, the
greatest stability was observed for those
growing in the range of pH 7.0 to 8.0 for
all the tested phages. The TP101 phage
was the only isolate that tolerate a wide
range of pH values, which ranged from
less than pH 3.0 and more than 12.0,
while LP. phage tolerate a narrow range
which ranged from less than 4.0 and more
than 9.0,

In general, the tested temperate
phages were more stable than that of Iytic

Annals Agric. Sci., 49(1}, 2004
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Figure 4. Inactivation percentage (5) of the tested temperate (TP) and lytic (LP) rhizo-
biophages at different pH values for one hour

phages. The survival of the former iso-
lates were different at pH values ranging
from pH 3.0 orless to pH 12.0 or more,
while the latter isolates were survived at
pH ranging from pH 4.0 to pH 10.0.
These results are in accordance with
those obtained by Singh et al (1980) and
Ahmed and Morgan (1994) who found
that the different rhizobiophages differ in
their stability at different pH values, and
they were more stable at pH 7.0 _How-
ever, the inactivation % was increased on
both acidic and alkaline pH. Also, Rad-
wan (1994) mentioned that the greatest
stability was in the range of pH 6.0 t0 8.0
for RV, phage and pH 6.0 to 10.0 for RV,
phage of R leguminosarum bv. viceae of
faba bean plants. He also stated that no
virus particles were detected at pH 3.0 or

Annals Agric. Sci., 49(1), 2004

at pH 12, whjle RV; phage tolerate a
wide range of pH, i.c, less than3and
more than pH 12.

Starage periods at low temperatures

The effect of storage periods (30, 60
and 90 days) at low temperatures (below
0 and 4°C) on the maintenance of the
tested phages are given in Figure (5). In
general, data show that increasing storage
time increased the percentage of inacti-
vation of all tested phages, progressively
by time. The rate of inhibition in the
phage titer was sharply increased during
storage periods at 4°C in comparison with
that in case of below O°C (freezer) espe-
cially after 30 days of storage. These re-
sults are in a good agreement with those

-
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Figures:5. Inactivaﬁon percentage (%) of the tested temperate (TP) and lytic (LP) rhizo-
% biophagés by different storage periods at low temperatures (below 0 and 4°C) -

of Radwan (1994) who reported that the
optimum. condition for the storage period
of rhigobiophage was the maintenance
below O°C.

On:the other hand, the results show
that thg lytic phages were more stable
during -storage period at low temperature

(below -0°C) in comparison with the

tested temperate phages. In addition, the
iytic phages were more stable when they
were stored in the freezer (below 0°C) for
90 days, while the temperate phages lost
their infectivity after 60 days of storage
period.

Annals Agric. Sci., 49(1), 2004

Similar results were recorded by
Agnes ef al (1989). They reported that
the rhizobiophages isolated from cowpea
remained infective for months when the
phage was stored at a freezer condition.
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