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ABSTRACT

The competitive abilities of inoculated root nodule bacterial (Bradyrhizobium sp.) strains
for nodulation with cowpea green manure plants grown on highland areas were evaluated by
molecular technique. The experiments consisted of two working steps. In the first step, the field
experiments were conducted in order to study the response of cowpea to three inoculated
bradyrhizobial strains and the necessity to reinoculate in the subsequent cultivation of this green
manure legume. In the second step, pot trails were used to study the competitive abilities of the
seed inoculated root nodule bacterial strains against the indigenous root nodule bacteria for
nodulation with cowpea. Two crops of cowpea were cultivated for both working steps. The used
three inoculated root nodule bacterial strain as follows; CP-PHT4 CP-TLAS and CP-NK3 were
previously tested for their effectiveness. The field experiments were conducted at two highland
areas with different soil fertility. At Mae Sapok, Royal Project Highland Development Center, the
soil was acidic and infertile while that at Nong Hoi, Royal Project Highland Development Center,
the soil was fertile with pH 7.0-7.6. For the first cultivation of cowpea in the fields and in the
pots, four treatments were used for each experiment. The first treatment was uninoculated control
while the rest three treatments were inoculated treatments with CP-PHT4 CP-TLAS and CP-NK3
respectively. In the second cowpea cultivation, there were 7 treatments as follows; Tr. 1) non

inoculated control, Tr. 2 4 and 6) inoculation with CP-PHT4 CP-TLA5 and CP-NK3 only for the



first cowpea cultivation, Tr. 3 5 and 7) inoculation with CP-PHT4 CP-TLAS5 and CP-NK3
respectively for the second crop of cowpea. Each of root nodule bacterial inoculants in the form
of peat powder was applied at seed sowing by seed coating at the rate of 10° cells/seed using gum
Arabic 30% as stickening agent for all experiments. The experimental design used in the first and
the second cultivations of cowpea in the field in each experimental site was randomized complete
block with 4 replications. The collected data were nodule dry weight, fresh and dry weight
including N uptake of the above ground parts at R. 3.5 growth stage, percent and the amount of N
fixed throughout the growing season by analysis of ureide in root breeding sap at R. 3.5 stage. For
pot trails, the soil collected from each experiment site was used for cultivation of cowpea using
10 kg soil/pot. The experimental design for each pot trial for each soil was completely
randomized design with 4 replications using 3 plans/pot/replication. In the first cultivation of
cowpea, there were 8§ pots in the uninoculated control treatment while in the inoculated treatments
there were 12 pots for each treatment. The first four pots were used for data collection of the first
cowpea cultivation while the rest were used for the second cultivation. All nodules formed at the
roots at the length of 0-5 5-10 cm. and below 10 cm. were collected at R. 3.5 stage and then
stored at -20 °C prior to nodule occupancy study of the inoculated root nodule bacterial strains by
REP- and ERIC-PCR. The nodule samples for strain identification by PCR were randomly
selected at the rate of 5% of the total numbers of nodules formed at each root length mentioned
above. Throughout the growing season for each crop of cowpea for both pot and field
experiments, the plants were irrigated as necessary. It was found that, in the highland area where
the soil was acidic and infertile with the population of indigenous cowpea root nodule bacteria of
1.26x10 cell/ g, cultivation during the hot dry season gave dry biomass of the above ground part
about 183 kg/rai, N uptake of 6.5 kg N/rai, nodule dry weight of 1.67 g/plant, percentage of fixed
N of 84% of the total N uptake and the amount of fixed N of 5.7 kg N/rai. No significant response
of cowpea to inoculation of each bradyrhizobial strain was obtained according to the effects on
nodule dry weight, biomass and N accumulated in the above ground part, percentage and the
amount of fixed N. There were no significant among the tested bradyrhizobial strains for their
competitive ability against the indigenous cowpea root nodule bacteria. The percentage of
nodules occupied by the inoculated strains was within the ranges of 46.5-51.8. In the second crop

of cowpea which was grown in the rainy season, the plants from uninoculated plot gave dry



2

biomass of the above ground part of 321 kg/rai, with N uptake of 8 kg/rai, nodule dry weight of
0.6 g/plant, percentage of fixed N of 72% and the amount of fixed N of 5.9 kg N/rai.
Reinoculation of each bradyrhizobial strain in the second crop of cowpea cultivation did not have
significant effect on nodule dry weight, biomass and N uptake of the above ground part,
percentage and the amount of seasonal fixed N compared to uninoculated control and the single
inoculated treatments. The plants from the single inoculated treatments contained the nodules
formed by the inoculated strain about 0-23.5% of the total numbers of nodules in the root system.
Reinoculation in the second crop of cowpea cultivation resulted in percent nodule occupancies of
the inoculated strains of 12.7-59.3% which CP-PHT4 strain showed the best infective ability. The
information on nodulation, dry weight and N up take of the above ground part, percentage and the
amount of fixed N of uninoculated cowpea, percentage of nodule occupancies of the inoculated
bradyrhizobial strains and the responsive pattern of cowpea to inoculated strains inoculated
strains indicated that it was not necessary to use root nodule bacterial inoculation for cowpea
green manure crop in the studied area with acidic infertile soil.

In the highland area with the fertile soil and soil pH of 7.0-7.6 containing indigenous
population of cowpea rhizobia of 2.22x10° cell/g, the first crop of cowpea green manure plants
grown in the rainy season did not respond significantly to the three bradyrhizobial inoculated
treatments in terms of nodulation, biomass and N uptake of the above ground part, percentage and
the amount of seasonal fixed N. The inoculated cowpea plants could give very high biomass (694
kg/rai) and N uptake (20.5 kg/rai) of the above ground part but the fixed N was only 33.8% of the
total N uptake indicating that the soil contained high level of mineralization N. Under this
condition, the leguminous plant did not respond to root nodule bacterial inoculation. The three
tested bradyrhizobial strains did not differ significantly for their nodule occupancies. The nodules
occupied by these strains were within the range of 28.3-60.5% of the total numbers of nodules in
the root system. Reinoculation of these bradyrhizobial strains for the subsequent cowpea crop
grown in the cool dry season did not have significant effects on nodulation, biomass and N uptake
of the above ground part, percentage and the amount of seasonal fixed N in comparison with
uninoculated control and the single inoculated treatments in the first crop. In the cool dry season,
uninoculated cowpea plants could give biomass of the above ground part of 202 kg/rai, N uptake

of 6.3 kg N/rai, percentage of fixed N of 57% and amount of fixed N of 3.76 kg N/rai. The plants



from single inoculated treatments contained the nodules formed by inoculated strains within the
range of 14.8-38.9% of the total numbers of nodules in the root system which were lower than
those observed in the first cowpea crop. The percent nodule occupancies of the inoculated strains
for the plants from reinoculated treatments were about 27.2-41.1%. The responsive pattern of
cowpea green manure crop to bradyrhizobial inoculation in the studies fertile highland soil and
the result from competitive abilities of inoculated strains suggested that there was no need to

inoculate cowpea green manure crop in this area ago.



