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Relative efficiency of Jhabua rock phosphate with super phosphate,
farmyard manure and phosphobacteria on available nutrients and

heavy metals content in soil under rice
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Abstract : The investigation was carried out to study the effect of Jhabua rock phosphate
(JRP) in combination with single superphosphate (SSP), farmysrd manure (FYM) and
phosphobacteria (PB) on available nitrogen, phosphorus and potassium and heavy metals
content in soil at post harvest stage of rice crop (CO43) in clayloam soil. Combined
application of JRP and SSP in 1:1 ratio along with FYM (12.5 t ha') and PB significantly
increased the soil available nitrogen, phosphorus and potassium over application of
100 per cent JRP nlome but comparable with application of 100 per cent SSP alone.
The heavy metals content (Cr, Cd and Pb) in post harvest soil was recorded in lraces

and it was for below the tolerance limit.
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Introduction

Owing to the increase in the price of
phosphatic fertilizers coupled with low recovery
(10-30%) of phosphorus from applied fertilizers
due to fixation characteristics, the developing
tropical countries are attempting to utilize their
indigenous reactive ground phosphate rock as
a cheap alternative source for more expensive
chemically processed water soluble phosphatic
fertilizers. However, direct application of rock
phosphate to non-acid soil is not considered
as a suitable practice. Under this condition,
the P use efficiency of rockphosphate (RP)
can be increased by the combined application
of water soluble P fertilizer, organic manures
and biofertilizers. Increased concern about the
entry of various heavy metals into human food
chain is prevailing in recent years. Phosphate
rock contained various metals as minor constituents
in the ores such as As, Cd, Cr, Pb, Hg, Ni
and Vd (Mortvedt, 1996). The present study
was undertaken to investigate the effect of Jhabua
Rock Phosphate (JRP) in combination with single
superphosphate (SSP), farmyard manure (FYM)
and phosphobacteria (PB) on soil available nutrient
status and heavy metal content in post harvest
soil of rice crop.

Jhabua rock phosphate, Available nutrients, Heavy metals.

Materials and Methods

A field experiment was conducted in Vertic
Ustochrept of wetland, Tamil Nadu Agricultural
University, Coimbatore with rice var. CO 43
as test crop during late samba season of 2000-
2001. The soil of the experimental site was
clay loam in textue with pH-8.4, EC 0.4
dSm”, OC-0.82 per cent and CEC-29.8 ¢ mol
(p+) kg', the available N, P and K content
were 226.8, 16.0 and 368.0 kg ha" respectively.
The experiment was laid out in a randomized
block design with 14 treatments and three
replications. .

The treatments consist of T-Control; T,-
SSP recommended dose as per crop pmducl‘.mn
guide (CPG) (50 kg P,O, ha'); T,-IRP (50
kg P,O; ha'); T,-T, + Phusyhobnctnna (PB)
[secd trealmenl {600 g ha' of seeds), seedling
treatment (2 kg in 12 lit. of water and soil
application (2 kg ha'); T,-T, + Farm yard
manure (FYM) (12.5 ¢ hn‘). T,- T, +PB (seed
treatment, seedling treatment and sml application
as in Ty T, 715% JRP + 25% SSP; T, T,
+ PB (seced tnentmenl seedling treatment and
soil application as in Tq Ty-T, + FYM (125
t ha'); T -T, + PB (seed Ln:atmunt seedling
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~able 1. Effect of treatments on soil available nitrogen and phosphorus at different stages of crop growth

) KMnO, - N (kg ha') Qlsen's - P (kg ha')
Treaiments

*T Pl F H Mean T Pl F H Mean
= Control 2730 263.2 2373 2027 24405 105 9.3 8.1 5.3 841
L = 100% SSP 3332 3138 2824 2424 29295 285 243 207 103 20095
‘= 100% JRP 2814 2683 2423 2098 25046 130 116 98 7.1 1037
,-T,+PB 301.0 2870 2623 2226 26823 166 131 116 B.1 1234
'5'- T, + FYM 2968 2758 2558 2185 26173 156 133 106 83 1197
~ - T, + FYM 3052 289.0 2628 2253 27058 189 163 130 89 1432
" - 75% JRP + 25% SSP 3136 2936 2683 2286 27603 195 168 133 93 1473
VT, + FB 3178 2958 271.2 2318 279.15 206 178 147 95 1564
, - T, + FYM J09.4 2893 2754 2337 27695 224 201 161 99 17.14
w- T,+PB 3248 3176 2768 2348 28850 248 213 167 99 18.19
, = 30% JRP + 50% SSP 3164 3012 2687 231.7 27950 243 217 177 9.9 134l
,» T,+PB 3234 3164 2783 2367 28870 268 223 182 98 19.28
4+ T, + FYM 3262 3186 2788 2356 28980 257 218 197 100 1929
- T,+PB 350.0 3234 2854 2456 301.10 300 268 234 118 230
‘zan 3123 2966 2676 2286 27627 212 183 153 92 160

T 5 TxS T 3 T=xs
D (P=0.05) 525 281 1049 033 017 065

*Note: T - ;I‘iilering stage; Pl - Panicle initiation stage; F - Flowering stage; H - Harvest stage)

able 2. Effect of treatments on soil available potassium at different stages of crop growth and heavy
' metal content '

NH,0AC - K (kg ha') Heavy metals (mg kg')
Treatments

*T Pl F H Mean Cr Cd Pb
T, - Control 446.9 318.7 2987 1806 311.23 0.70 0.08 2.54
T, - 100% SSP 489.8 4283 3804 256.7  388.79 0.74 0.10 2.68
T, - 100% JRP 461.3 3368 3062 196.3 325.15 242 0.22 6.23
T,-T,+PB 471.3 3409 3237 216.8 33817 2.20 0.18 354
T,- T, + FYM 461.5 338.7 3142 213.7 33203 232 0.20 4.46
T,- T, + FYM 4677 3522 3301 2286  344.66 1.92 0.14 4.04
T, - 75% JRP + 25% SSP 469.3 363.8 3388 223.5 34885 1.98 0.16 354
T,-T,+PB 470.8 3737 3421 2456  358.04 1.88 0.14 350
T,- T, + FYM 472.0 3786 3486 2363  358.89 1.56 0.16 352
r,- T,+PB 4713 382.1 3538 2508 37282 1.48 0.10 3.20
I, - 50% JRP + 50% SSP 4737 4126  365.7 2528  376.21 1.32 012 2.86
r,- T, +PB 4755 400.1 358.3 2516 37138 1.32 0.1 272
[y~ T, +FYM 4773 4143 3708 253.0  378.86 1.30 0.14 278
r,- T,+PB 4988 4469 3922 275.8 40341 1.24 0.10 2.70
Viean 471.9 3777 3445 2368 357.75 1.59 0.14 345

T s TxS T S TxS§
2D (P=0.05) 9.06 4.84 18.11 0.056 0.006 0.146

*Note: T - Tillering stage; PI - Panicle initiation stage; F - Flowering stage; H - Harvest stage)
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treatment and soil application as in T T,;-
50% JRP + 50% SSP; T,-T, + PB (sced
ireatment, scedling treatment and soil application
as in T; T,-T, + FYM (125 t ha'); T ;-
T,, + PB (sced treatment, seedling treatment
and soil application as in T, Phosphobacteria
sced treatment was given by soaking the seeds
(600 g ha' seeds) in water for overnight. The
excess water was poured over the nursery arca
itself. Rice seedling roots were dipped and
kept in PB slurry (2 kg PB dissolved in 12
lit. of water) for 30 minutes. Then, the seedlings
treated with and without PB were transplanted
in their respective plots with a spacing of 20
em x 10 cm. PB @ 2 kg ha' was applied
after mixing with sand to those plots as per
the treatment. The FYM application was done
at the beginning @ 12.5t ha' for those plots

as per the treatment schedule and incorporated

in the soil,

Representative soil samples were collected
during tillering, panicle initiation, flowering
and harvest stages of crop growth and analyzed
for available macro nutrient status, Post harvest
soil samples were collected and analyzed for
DTPA extractable heavy metals.

Results and Discussion
(i) Available nitrogen status

The trend of KMnO,-N gradually decreased
with the advancement of crop growth stages.
This might be ascribed to the reduction of
NH-N and absence of NO,-N under submergence
condition coupled with continuous uptake of
N by rice tll heading (Table 1). The mean
KMnO,-N ranged from 244.05 to 301.1 kg
ha'. From the results of pooled analysis, it
was found that the treatment T,, recorded the
highest KMnO_-N (301.1 kg ha') followed by
T, (292.95 kg ha'), T,, (289.8 kg ha'), T,
(288.7 kg ha') and T,, (288.5 kg ha'), which
were on par with each other. The control (T))
recorded the lowest available N content (244.05
kg ha'). This is inline with the findings of
Tisdale ef al. (1997). The highest available
N in T, treatment might be attributed to the
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increased nitrogen fixation in the soil by th
Pseudomonas striata zpresent in phosphobacteri:
together with the influence of trace quantitie:
of Fe, Mo, Mg, Cu ctc. which would hav
been released from rock phosphate.

(ii) Available phosphorus status

From the pooled analysis, it was observed
that the treatments had significant effect on
the soil Olsen's-P at all the stages of crop
growth. The mean Olsen's-P content at tillering
stage was 21.2 kg ha', which was decreased
to 18.3 kg ha' at panicle initiation, 15.3 ky
ha'! at flowering and 9.2 kg ha' at harves:
stage (Table 1). The decreased P availability
with advancement of crop growth might kg
due to continuous uptake of P by rice upt
heading (Dhanasekaran, 2000). The mean valu<
of Olsen's-P varied from 8.41to23.0kgha'
(Table 1). Among the treatmetns, the treatmer'
T, registered significanthy the highest (234
kg ha') Olsen's-P followed by T, (20.95 kz
ha'). The reason might be due to the fact
that 50 per cent of P,O, was readily water
soluble P and in addition, the additive components
of FYM and PB might have solubilized the
rock phosphate. This is in accordance with
findings of Malewar et al. (1995) and Dhanasekaran
(2000). Further, the organics had the capacity
to form complexes with inorganic components
and these complexes were reported to be soluble
(Bhujbal, 1989). Application of FYM increased
the soil available P due to production of organic
acids during decomposition which solubilized
the insoluble form of P to soluble form. Similar

findings were reported by Paulraj and Velayudham
(1995).

(iii) Available potassium status

When comparing different stages of crop
growth, the NH,OAC-K status was significantly
decreased from tillering (471.9 kg ha™') to harvest
stage (236.8 kg ha') (Table 2). It is obvious
because of continuous uptake of K by rice
till heading and also due to the retention of
K in clay complexes. Addition of different
forms of phosphatic fertilizers could not influence
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¢ available K content of soil significantly.
-mong the treatments, the treatment T, recorded
‘1 highest NH,OAC-K (403.41 kg ha™") followed
T, (388.79 kg ha'') (Table 2). The treatments
, (378.86 kg ha'), T, (376.21 kg ha'),
‘o (372.82 kg ha') and T, (371.38 kg
+1) were comparable with each other. The
ontrol (T,) recorded the ‘lowest NH,OAC-K
i11.23 kg ha') when compared to all other
zatments. It is quite obvious that P and K
id no interaction either with soil or in plant.
‘he marginally more available K in the plots
1at received 50 per cent JRP+50 per cent
SP with FYM and PB could be attributed
the release of organic and mineral acids
hich might have solubilized K from primary
inerals of soil. Similar findings were reported
Kanagabushani (1980).

, Heavy metal content

.‘.fxmmium, Iead and Eﬂdﬂ'hum

The data (Table 2) of Cr content revealed
aat, among the treatments T, registered the
ighest Cr (2.42 mg kg'), which is far below
ac tolerance limit of 150 mg kg' (Rovira
i al. 1996), The Pb and Cd contents in the
ost harvest soil ranged from 2.54 to 6.23
ng kg and 0.08 to 0.22 mg kg’ respectively.
\mong the treatments, T, recorded the highest
‘b and Cd content (6.23 and 0.22 mg kg™
espectively) (Table 2), which are also below
he tolerance limit of 300 mg kg' and 3.0
" ng kg! of soil (Rovira er al. 1996) respectively.
similar results were repbrted by Dhanasekaran
2000).

It could be concluded that the indigenously
wailable JRP can be effectively and profitably
1tilized as a P source for improving soil available
utrient status in rice soil and there is no

need to be panic over the heavy metal pollution
owing to JRP application for the present.
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