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rpm and were exposed to continuous fluorescent light at 27°C ± 1 °C for a month. The one
month duration was sufficient for plantlets to absorb all nutrients that were available in the media.
The 30mL MS liquid medium was replenish with fresh medium at two week intervals.

Bacterial Cultures

Agrobacteria rhizogenes strains AR9402 and A4 were cultured on yeast extract media. The strains
were then subcultured in 100mL Erlenmeyer flask on YEB liquid medium. Rhizobacteria:
Azospirillum brasilense Sp7, Bacillus sphaericus UPMB 10, Microbacterium oxydens UPMB 11
were cultured on Okon media. The strains were then subculture in 100mL Erlenmeyer flask on
Okon liquid medium. Both cultures were shaken continuously for 48 hours (150rpm, 28° C). The
optical density (O.D) of each inoculum was recorded at 600 nm (UV Spectrometer UV-120l).

Dual Inoculation of Bacterial

Banana plantlets were inoculated with 1 mL inoculum contammg respective strains of A.
rhizogenes and rhizobacteria at lxl07-lx108 cfu/mL (OD6oo) concentrations. The non-inoculated
plantlets and a single inoculated (Bacillus sphaericus UPMBI0) were used as control. Co
inoculated plantlets and the control were placed on orbital shaker (80 rpm) at 27±1 °C under
continuous florescent light. The experiments was set up with 10 replicates and repeated twice.
Physiological data's were recorded one month after the inoculation. The N, P, K, Ca and Mg
content in the plantlets were assayed after one month of culture.

Results and Discussion

The effect of combined inoculation on essential nutrient distribution in leaves and roots of banana
plantlets is shown in Table 1. There was an increase in N, P, and K uptake in UPMBIO and
UPMB 11 treatments either combined with agrobacterial strains AR or A4 when compared to the
single inoculation or the control. The combined inoculation ofUPMBlO with agrobacterial strains
AR9402 or A4 promoted the nutrient uptake (N, P, K, and Mg) of the host plant compared to
single inoculation. The result showed that treatment with UPMBI0+AR gave the highest N (6.71
mg/gdw), P (0.821 mg/gdw) and Mg (0.32 mg/gdw) uptake compared to other treatments.
However, the K uptake was the highest in UPMBI0+A4 treatment at 7.21 mg/gdw. However, all
the treatments did not produce a significant change on Ca uptake of plants compared to the single
inoculation.

Table 1: Nutrients Content(mg/gdw) of in vitro Banana Plantlets after One Month Culture in MS
Liquid Medium Co-inoculated with Rhizobacteria and Agrobacteria.Values are Means ofTen

Replicates with ± SD (P=0.05, n=10).

N P K Ca Mg
(mglgDW) (mglgDW) (mglgDW) (mglgDW) (mg/gDW)

Contro 4.50±0.23 0.08±0.05 6.78±0.40 0.19±O.10 0.27±0.02

UPMBIO 4.52±O.45 0.62±0.02 5.14±0.35 0.89±O.08 0.26±0.01

UPMBIO+A4 6.07±O.11 0.80±O.09 7.2I±O.23 0.79±O.ll 0.31±0.02

UPMBIO+AR 6.71±0.56 0.82±0.05 6.16±0.46 0.81±0.07 0.32±0.02

UPMBll+A4 5.1 0±J.1 0 0.64±0.02 5.25±0,66 0.84±0.10 0.29±O.01

UPMB Il+A4 6.70±0.44 0.57±O.04 6.06±O.45 0.8I±O.03 0.29±0.05

SP7+A4 4.50±0.24 0.52±O.05 5.0I±O.13 0.67±0.09 0.14±0.05

SP7+AR 4.51±0.34 0.49±0,07 4.12±0.45 0.68±0.20 0.19±O,01
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Treatment with Sp7 combined either with AR or A4 failed to show a significant change in
N, P, K, Ca and Mg uptake ofplantlet for 30 days of culture. The enhancement of nutrient uptake
by co-inoculation was probably due in part to the release of hormone from the interaction
compared to single inoculation. According to Plazinski & Rolfe (1985c), a combination of
A.brasilense and Kpneumoniae produced high quantities of IAA and tryptophoI. Moreover only
very low level of IAA was produced by K.pneumoniae.

Reis et al. (2000) showed that the association of Herhaspirillum seropedicae and A.brasilense
with rice seedling grown in monoaxenic agar cultures could contribute up to 54 and 32% nitrogen
from fixation process. The association caused a significant increase in dry weight and total N
accumulation of the host plant. Earlier findings by Yahalom et aI., (l991) demonstrated that
treatment with Azospirillum, when combined with low levels of rhizobium (lO'1 - 10'2 cfu/mL),
led to enhanced nodulation in Medicago polymorpha relative to treatment with rhizobium alone.
Stimulation of nodulation in legumes co-inoculated with Azospirillum and Rhizobium has been
reported (Iruthayathas et aI., 1983; Plazinski & Rolfe 1985a)., although there have been reports at
nodulation inhibition (Plazinski & Rolfe, 1985b).

Conclusion

The experiments indicate that the co-inoculation treatment of rhizobacteria (strain UPMBIO or
UPMBll) and agrobacteria (AR9402 or A4) could enhanced nutrients uptake by plantlets when
compared to the single inoculation. The combined inoculation has advantages over the single
inoculation especially in enhancing nitrogen uptakes. Both combination of rhizobacteria strain
UPMB 10 and agrobacteria strains 9402 showed the most effective among the treatments. Thus,
the combination suggested to be exploited as co-inoculants for better growth of in vivo banana
plant in the future experiment.
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