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Phosphorus Availability in Soil and Sugarcane Growth by Phosphate Solubilizing Bacteria
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Abstract

This research was carried out in order to study the effects of the use of phosphate solubilizing bacteria
(K. radicincitans and B. subtilis) combined with chemical fertilizers and rock phosphate on the P availability in soil,
and the impact of phosphate solubilizing bacteria on the growth and yield of sugarcane under field conditions.
The study was conducted in soils of the Thap Phrik soil series, in Sa Kaeo province. The results showed that
the addition of bacterial isolate combined with rock phosphate resulted in the highest available P content.
The application of K. radicincitans produced the highest accumulation of total phosphorus content and phosphorus
uptake in sugarcane and these results were significantly different from the control and fertilizer applications of urea
(46-0-0) and potassium chloride (0-0-60). The addition of the bacteria promoted the growth of sugarcane as
measured by fresh cane weight but had no effect on height, cane diameter and no. of inter-nodes. The inoculation
with a single isolate of B. subtilis combined with rock phosphate and combined isolates without rock phosphate
resulted in the greatest cane weights of 880 g and 853 g, and led to sugarcane yields of 12.48 and 12.15 ton/rai,
respectively. The inoculation of phosphate solubilizing bacteria together with rock phosphate gave higher CCS of
14.55%
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Table 1 The soil chemical properties before sugarcane plantation.

Soil series pH (1:1) OM Total N Avai. P AvaiK Al-P Fe-P Ca-P

(%) (mg/kg) (------- P fraction (%) ---—--- )
Tpk 6.40 2.44 0.12 23.1 487 1 34.08 5252 13.41
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Table 2 Type of organic acids produced by phosphate solubilizing bacteria.

PSB Organic acid (mg/l)
isolates Acetic Citric Lactic Malic Tartaric Gluconic
K. radicincitans 211.0 2015 171.5 150.0 140.0 -

B. subtilis 260.5 154.0 159.0 200.5 170.0 -
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WemAnudNRusssrieandndurssFinunsaiarnauaz B umeane Sanazaneeanu WL B, megaterium
inluAedaiuna (fish bones) anunsnazaneeaniaialugl P,0, esnunldgeanwiniu 483.5 Haaniusiedns
tuuansliiiudnuuaniEyluanameaiua nnsonasansnguse sl Sunniuansneiy - uarianuainnsnazany
WagWasaannuuaanLAnANSTusae
uarasLLANEaza e WamNnsadndiunaanasawazamulsslanirasaanasalunu

Pununesnefandutlsslamiluiuiedesats 4, 6 waz 8 wew dsuiausnssiuluusazsiiy
NN9INARAY mi’La'L%Lmea"lzdﬁuW@mW\Im’quﬁ’wmm@ﬁi@mmmwmmLWm“luﬁuLﬁm”@ﬁmq 4 WA 6 LA2L (Table 3)
anmenudnFinueanesanidudsyleadlumeun 4 srfunimasesdiinisldidesaniunisldiunedinm
a o a - P Ay g aa oy g A Ao o o o
Hlaanefaniidulselumigsndnmiunmaassd bildiiuean  uazsiiinnmeassililddeasnaliodAnyds
N9ann InaAfUNRnTldd@esaN K. radicincitans + B. subtilis $aufiunsladunadinn AiFunmeanasanid
dselemigengawiniu 60.4 mgkg se3asnnAe Fadumsldimaimes K. radicincitans sauiuiiuneains wazsniy
nsldTeLAe B. subtilis SaNfuRAuWagm Wil 56.0 Lag 46.8 mg/kg AMNANGL

Table 3 Effects of phosphate solubilizing bacteria on available phosphorous in soil.

Soil available P (mg/kg)

Treatment
4 months 6 months 8 months

T1 Control 32.9c 25.3d 59.1
T2NK 32.5¢ 26.4d 65.9
T3 K. radicincitans 15.5d 42.9b 46.2
T4 B. subtilis 16.5d 33.6¢ 44.3
T5 K. radicincitans + B. sublilis 28.1c 42.2b 68.2
T6 K. radicincitans + RP 56.0a 57.8a 82.2
T7 B. subtilis + RP 46.8b 44.5b 81.0
T8 K. radicincitans + B. subtilis + RP 60.4a 63.4a 99.1
F-test * ** ns
CV (%) 14.38 7.46 19.91

Mean in the same column of each treatments by common letter are not significantly different at 5% level by DMRT;
** = significant at 1%; ns = non-significant.

nailluimeun 6 fapsnudisfunimasasiladiunaamniBununeanafandulsylamigandsnsunlild
Hiunaamn nansladiedan K. radicincitans + B. subtilis $anfiudiuneams deasieisuineanasandulsylam]
qanga  gandimdunsldiseiiesetnapeauasinsumILANet WA ATNNATA WU 63.4 mgkg  wavd

al q
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Figure 1 Percentage of fractionation phosphorus in Tpk soil series.
T1 Control, T2 N K, T3 K. radicincitans, T4 B. subtilis, T5 K. radicincitans + B. subtilis,
T6 K. radicincitans + RP, T7 B. subtilis + RP, T8 K. radicincitans + B. sublilis + RP.
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Table 4 Effects of phosphorus solubilizing bacteria on total P accumulation and P uptake (leaves and stalk) of

sugarcane for 8 months.

Total P in plant (mg/kg) P uptake (mg/plant)
Treatment

Leaves Stalk Total Leaves Stalk Total
T1 Control 248c 196¢cd 444c 82d 322d 404d
T2NK 254c 187d 441c 1770 470cd 647c
T3 K. radicincitans 455a 280a 735a 229a 670ab 899a
T4 B. subtilis 328b 219bcd  548b 271a 511bc 782abc
T5 K. radicincitans + B. sublilis 303bc 248ab 551b 171bc 635abc 806ab
T6 K. radicincitans + RP 249c 276a 526b 123cd 703a 826a
T7 B. subtilis + RP 280bc 227bc 508b 151bc 598abc 749abc
T8 K. radicincitans + B. subtilis + RP 284bc 221bcd ~ 505b 137bc 518bc 655bc
F-test o sk o * wok .
CV (%) 11.12 9.04 5.04 16.6 16.9 11.5

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.
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fonriuiuneannil %CCS gangana 14.6% wazlumavazivlidnislduuanFaazaraneamndinasionanumn
1e9daefgandnAnFunauANuazsnfunEnsldile endunisldide 8. subtiis saniuiiunesvs

Table 5 Effect of phosphate solubilizing bacteria on height, stalk weight, stalk diameter, no. of internode, yields
(ton/rai) and %CCS.

Height Stalk Stalk No. of Yield %
weight  Diameter internode  (ton/rai) CCS
Treatment (em) (9) (mm)
4 6 8
(e months -------- )
T1 Control 91.4b 106.2c  153.5 547b 26.3 14.3 11.0 124
T2NK 105.9ab 137.5ab 161.6 833a 26.8 15.8 13.2 12.4
T3 K. radicincitans 107.0a 150.2ab 160.8 793a 26.9 14.0 11.8 13.6
T4 B. subtilis 105.9ab 140.2ab  153.8 773a 25.9 14.7 10.4 13.2
T5 K. radicincitans + 110.0ab 155.0ab  164.5 853a 2y ! 13.8 12.5 12.6
B. subtilis
T6 K. radlicincitans + RP 112.4a 153.0ab 162.0 840a 26.6 13.6 12.6 12.9
T7 B. subtilis + RP 112.3a 155.9a  164.6 880a 26.7 14.7 12.2 114
T8 K. radicincitans + 106.0ab 157.0a 161.6 780a 26.6 14.3 11.5 14.6
B. subtilis + RP
F-test % £ ns \ ns ns ns ns
CV (%) 9.91 7.33 6.96 15.3 3.34 8.94 20.9 94

Mean in the same column of each treatments by common letter are not significantly different at 5% level by DMRT;
* = significant at 5% level; ns = non-significant.
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Figure 2 Number of phosphate solubilizing bacteria in soil (4 and 6 months).
T1 Control, T2 N K, T3 K. radicincitans, T4 B. subtilis, T5 K. radicincitans + B. subtilis,
T6 K. radicincitans + RP, T7 B. subtilis + RP, T8 K. radicincitans + B. sublilis + RP.
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