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Studies on Phosphorus Availability and Growth Promotion of Sugarcane

by Phosphate Solubilizing Bacteria Under Greenhouse Condition for Biofertilizer Production
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Abstract

Plant growth-promoting rhizobacteria (PGPR) are beneficial bacteria that facilitate plant root colonization
and enhance plant growth by a wide variety of mechanisms. The mechanisms of plant growth promotion are nitrogen
fixation, hormone production, phosphate solubilization, and siderophore production. This research was a study of
plant-growth-promoting bacteria extracted from the rhizospheres of sugarcane growing soils in Sa Kaeo province.
However, before applying these bacteria to the field, tests in laboratory and greenhouse had to be carried out.
The purposes of this experiment were to optimize the capability of bacteria to solubilize phosphate in various cell
density and pH culture conditions, and to investigate the effects of phosphate solubilizing bacteria on sugarcane
growth. The laboratory results revealed that a bacterial cell density of 10° CFU/ml was fit for PS. The pH range of
5-9 was found to be the most suitable for PS (212.5-787.5 ug/ml) among most isolates, whereas the extremely acidic
conditions of pH 4.0 resulted in no growth and PS of bacteria. In addition, the two selected isolates,
PSB1 (Kosakonia radicincitans) and PSB2 (Bacillus subtilis), had positive effects on sugarcane growth.
A single inoculation of PSB1 with rock phosphates, which raised soil available phosphorus, significantly increased

sugarcane growth, which was measured as height, stalk weight, stalk numbers, total stalk length, inter-nodal length,
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and stalk diameter, compared to the control. The combination of the inoculation with rock phosphate generally
produced good growth performance for sugarcane. Thus, the two isolates are the most suitable for further study

in the field of sugarcane cultivation and for the development of bio-products in the future.
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Table 1 Isolated of efficient high phosphate solubilizing bacteria and plant growth promoting.

Phosphate Plant hormones (mg/l)
No. Isolates Identified
solubilizing (mg/l) GA IAA
1 Tpk3-053 748.40 5417 4.575 Kosakonia radicincitans
2 Ch1-021 480.03 6.500 4.252 Bacillus subtilis SKUAST1
3 Tpk4-083 729.36 4.333 4.377 Bacillus subtilis OTEB25
4 Mki4-010 447.37 8.000 4.350 Enterobacter sp.
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Table 2 Soil chemical analysis methods.

Chemical properties

Method

References

1. pH

2. Electrical conductivity

3. Organic matter

4. Total nitrogen

5. Available phosphorous
6. Available potassium

7. Extractable bases

8. Cation exchange capacity

pH meter (ratio of soil : water (1:1))

Electrical conductivity bridge (ratio of

soil : water (1:5))

Walkley and Black titration method
Kjeldahl method

Extracted by Bray I

Extracted by 1 M NH,OAc (pH 7.0)
Extracted by 1 M NH,OAc (pH 7.0)
Extracted by 1 M NH,OAc (pH 7.0)

National Soil Survey Center (1996)
National Soil Survey Center (1996)

Nelson and Sommers (1996)
Bremner and Mulvaney (1982)
Bray and Kurtz (1945)

Pratt (1965)

Thomas (1982)

Chapman (1965)
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Figure 1 Effect of pH on efficiency of phosphorus solubilization.
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Table 3 Effect of phosphate solubilizing bacteria on tiller no., no. of stem, no. of internode, inter-node length,

stalk diameter, total stalk length, and stalk weight of 8 months old sugar cane.

Height Tiller no. No. Inter-node Stalk Total stalk Stalk

Treatment (cm) of stem length Diameter length weight
(cm) (cm) (cm) (9

T1  Control 151.00cd 8.67b 6.67 6.98ab 2.58¢c 121.83c  3,060.47bc
T2 RP 149.33d 12.00a 6.00 7.30ab 2.85b 115.00c  2,860.50c
T3 PSB1 163.67bcd 11.67a 8.33 7.34ab 2.90b 126.67c  3,024.70bc
T4 PSB2 174.67abc  9.67ab 5.00 7.75a 2.82b 150.17b  3,088.47bc
T5 PSB1+PSB2 180.67abc  9.67ab 6.67 6.54b 2.96ab  147.83b  3,039.37bc
T6 PSB1+RP 197.33a 8.30b 7.33 7.82a 3.10a 176.57a  3,607.63a
T7 PSB2+RP 163.67bcd  8.00b 5.67 6.55b 2.83b 139.67b  3,354.93ab
T8 PSB1+PSB2+RP 187.00ab  11.33a 6.33 7.81a 2.89b 148.33b  3,438.17ab
F-test X o ns * . . .
CV (%) 10.09 13.34 12.86 7.61 3.60 4.91 7.41

Mean in the same column of each treatments by common letter are not significantly different at 5% level by DMRT.
** = significant at 1%, * = significant at 5% level, ns = non-significant.
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Table 4 Effects of phosphate solubilizing bacteria on available phosphorous in soil.

Soil available P (mg/kg)

Treatment 2 4 6 8
(months)

T1  Control 22.68¢c 25.51¢c 19.84c 17.81b
T2 RP 13.86d 14.44de 15.84d 17.89b
T3 PSB1 13.46d 20.03cd 15.13d 15.10b
T4 PSB2 9.59d 11.03e 11.73d 18.17b
T5 PSB1+PSB2 13.88d 15.70de 12.97d 19.63ab
T6 PSB1+RP 45.75a 40.94b 25.37b 14.02b
T7 PSB2+RP 39.31b 53.79a 34.44a 17.90b
T8 PSB1+PSB2+RP 43.20ab 53.22a 35.60a 23.63a
F-test . ok ok o
CV (%) 9.84 11.48 10.64 16.49

Mean in the same column of each treatments by common letter are not significantly different at 5% level by DMRT.
** = significant at 1%.
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Figure 2 Number of phosphate solubilizing bacteria in soil (4 and 8 months).
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