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Many studies have reported that the grnw.lh
and survival ol rhizobia/bradyrhizobia in soils
are adversely affected by high soil tempera-
tures, A Jarge number of mungbean
cultivars/elite mutants were found to be poorly
nodulated * despite the presence of large brady-
rhizobial populations which seem to survive
high temperatures but are unable to form an
eflective symbiotic relation with the host plant.
In order to verify and elucidate the role of high
root temperatures on growth, nodulation and
nitrogen fixation of . radiata, a series of experi-
ments were performed, the results of which are
presented below. In addition, the tolerance of five
strains of cowpea Bradyrhizobium to high tem-
peratures is also reported,

MATERIALS AND METHODS

The effect of high root temperatures on mung-
bean—Bradyrhizobium symbiosis was studied in
Experiments-I and -1I and the variability among
bradyrhizobial strains in growth response to vari-
ous temperatures was evaluated in Experiment-

ITI.

Strains of Bradyrhizobium

Five cowpea bradyrhizobial strains, Vrlé,
Vrl7, Vrl9, Vml and USDA 3748, were used
separately as inocula. Strains Vrl6, Vrl7 and
Vrl9 were isolated from mungbean and Vml
from blackgram, cultivated in the fields at the
Nuclear Institute for Agriculture & Biology
(NIAB). Strain USDA 3748 was obtained from
the Beltsville Rhizobium Culture Collection, Belts-
ville, MD, U.S.A. Vrl6, Vrl9 and Vml belong
to the same serogroup; the remaining two strains
are serologically distinct (unpublished data).
Pure cultures of each strain were grown to a cell
population of 1 x 10" cells/ml at 28 +2°C! in yeast

extract mannitol medium. */

Legume host
Seeds of Vigna radiata (L.) Wilczek (cv. NM

541, commonly known as mungbean or green
gram, were obtained from the Mutation Breeding

Division of NLAB, Faisalabad.
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Experiment-1
V. radiata (cv. NM 54} was tested at five ooy
temperatures with fve lvi’f_t;ll(l"'/lll”’{llﬂfl Straing
along with uninoculated (U (‘u lelFl nitrogen con.
trols (NC). Temperatures of rooting media were
maintained continuously (day/night) at 24, 30,
36, 42 and 48°C. The latter temperature does not
occur constantly in the mungbean growing area;
this temperature was included to determine the
upper tolerance limit of mungbt‘a{l genotype and
bradyrhizobial strains. A two-factor factorial
experiment was conducted in a complet‘ely ran-
domized design with three replicates for each
treatment combination. Pots (25 x 45 cm) con-
taining 400 g of prewashed sterilized sand were
partially immersed in a waterbath and the rooting
medium was thermostatically kept at a constant
temperature. The temperature of sand inside the
pots was monitored daily with a thermometer
with a precision of +1.0°C. All treatments were
fertilized with N-free Hoagland’s nutrient solu-
tion except for the nitrogen control (NC) which
received a weekly application of ammonium
nitrate (6 mM/pot) 15 days after sowing. Seeds
were surface sterilized with a 1°, NaOCl solution.
Four seeds were sown per pot and were thinned
at emergence to a final stand density of two
plants/pot. The pots were irrigated to field
capacity with nutrient solution and tapwater
alternately, as needed, until harvest.
Strain-inoculation treatments were applied at
a rate of 0.5 ml of broth culture per seed. In set
A, inoculum and temperature stress were applied
at the time of sowing; in set B these were applied
to seedlings 3 days after germination. Waterbaths
containing plants were kept in a growth room
with a 14-hr photoperiod, day/night air tem-
peratures of 24 +°C and a photon flux density of
392 umole m ~?*sec "' at seedling level. Plants were
harvested 5 weeks after sowing and nodulation,
acetylene reduction activity (ARA), dry weight
and total N in plant tops were analyzed as
described earlier. ’

Experiment-11 '
In this study, day/night temperature was main-

tained at 30°C and increasing temperature shost
of 36, 42 and 48°C for 2 hr each were applied
daily starting at 8 a.m. and ending at 2 p.m.'local
time. The desired root temperature was achieved
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within | hr. The selection of these temperature
shocks was based on observed soil temperatures
during the summer when the crop was in the field

unpublished data). Experiments were carried
out in sand as well as in soil. Strain inoculations
were at 0.5 ml of broth culture per seed. In set A,
inoculum and temperature stress were applied at
the time of sowing, while in set B these were
applied to seedlings 3 days after germination.
Plants growing continuously at 30°C were taken
as the control (set C). The other parameters were
the same as described for Experiment-I1. The data
were subjected to an Analysis of Variance and
upon obtaining a significant F-ratio, Duncan’s
Multiple Range Test was employed for multiple
comparisons of paired means.

Experiment-111

Growth and survival of cowpea Bradyrhizobium
strains at 24, 30, 36, 42 and 48 C were studied in
(1) agar plates, (1) broth cultures and (iii) soil.
For continuous temperature stress, the strains
were kept at the above temperatures for 10 days.
For diurnally cycling high temperature treat-
ments, strains were kept at 30 C and increasing
temperature shocks of 36, 42 and 48°C for 2 hr
each were given for 10 consecutive days. Survival
was determined by placing the plates without
colonies at 30°C for another 10 days. There were
three replicates per experiment.

For agar plates, inoculation of each strain was
done on yeast extract mannitol (YEM) agar. For
liquid culture, YEM medium was used but with-
out agar. Fifty milliliter cultures (log phase) were
placed in 150 ml conical flasks which were kept
in a controlled temperature waterbath set at
100 rpm. The soil experiment was performed on
gamma irradiated soil which had been moistened
to field capacity. Ten grams of soil were placed
in 30 ml screw-capped universal vials. Inoculum
treatments consisted of pure stock cultures which
were washed clear of YEM broth by cen-
trifugation with 0.85°, saline and adjusted to a
concentration of 1 x 10" cells/ml. Inoculation was
made by adding 1 ml of this suspension to each
vial. The vials were placed in plastic bags in order
to avoid desiccation, and incubated at specified
temperatures. Population levels of the Brady-
rhizobium strains were measured at 0 and 10
davs ofincubation by the drop plate technique. *’

Serial dilutions were made with sterile (0.857,,
saline and placed on YEM agar at 28+ 2 C for
plate counts. The results were expressed on the
basis of gram dryv weight of soil.

The ability of bradyrhizobial strains to nodu-
late mungbean and siratro plants after survival
at 42 and 48°C and diurnal temperature regimes
was checked in growth pouches.

RESULTS AND DISCUSSION

This study suggested the importance of high
temperature in determining the effectiveness of
mungbean—Bradyrhizobium symbiosis. At constant
temperatures (24-42°C) seed germination was
100°,, which was reduced to 387, with a delay
of 4 days at 48°C. A 29°, decrease in plant sur-
vival was noted when temperatures exceeded
36°C at sowing time (set A): a decrease of 867,
in survival was noted for plants exposed to tem-
peratures higher than 36°C after germination (set
B). The effect of diurnal temperature regimes
of 30-48°C on plant survival was 100 and
94°, in soil and sand, respectively. A soil tem-
perature regime of 24.2-38.8°C was optimum
for germination of soybean.”™ The previously
reported "* most extreme temperature regime for
growth of soybean plants was 41°C for 6 hr. In the
present study, survival and growth of mungbean
plants were observed in the highest temperature
regime (48°C for 2 hr) as well as at a constant
high temperature of 42°C. Therefore, the lethal
temperature for mungbean plants depends not
only on the temperature but also the duration of
exposure and developmental stage of the plant.

The responses of nodulation, nitrogen fixation,
dry matter yield and total nitrogen (N con-
centration to constant high temperatures (Figs 1-
3, Table 1) and diurnal high temperature changes
(Tables 2, 3) in roots of mungbean were studied.
The results revealed that maximum nodulation,
nitrogen fixation, dry matter yield and total N
concentration were observed with temperatures
between 24 and 36°C. Soil temperatures of 42 and
48°C appeared to interfere with the development
and functions of root noedules, which may con-
stitute a significant constraint to early growth
of mungbean. In contrast. soil temperatures
between 30 and 35 C have been reported to nter-
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after germination.

other treatments. The effectiveness of the nodule
may depend on the timing of the temperature
stress and the growth conditions of the mungbean
plants.

A diversity of responses of cowpea Brady-
rhizobium to constant high temperatures and
diurnally administered high temperatures was
observed among the five strains after 10 days of
incubation in broth, agar plates and soil (Fig. 4;
Tables 4, 5). The optimum temperature for these
bradyrhizobial strains was 30-36°C except strain
USDA 3748 which was sensitive to temperatures
above and below 30 C. It is interesting to note
that local isolates were more tolerant of elevated
soil temperatures, i.e. 42°C. Twostrains Vrl7 and
Vml showed 509, less growth in soil incubated
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Fic. 3. Effect of high temperature and bradyrhizobial

strains on shoot dry weight: g/plant and total nitrogen;

mg N/plant. Set A: temperature stress and inoculation
were applied at the time of sowing.

at 42°C relative to their incubation at 36 C. Only
two bradyrhizobial strains, Vm1 and Vrl6, were
able to survive and grow at 48°C on agar plates
(Table 5). The growth rate of strain Vml
increased between 36 and 42 C. indicating the
optimum temperature for this thermotolerant
strain was higher than that of other strains.
Ability to grow well at 42°C was believed to be
rare among rhizobia, even those of tropical
origin. ** Total loss in rhizobial viability was
observed in chickpea, lentil and bean inoculation
when they were exposed to an ambient tem-
perature of 44°C,* however, a R. phaseoli strain
survived and multuplied in YEM agar at 45-
47°C." A B. japonicum sirain has also been
reported to survive in hiquid at 48.7 C but was
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