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RESPONSES OF FIVE TROPICAL PASTURE SPECIES TO
APPLICATION OF APATITE

by.
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SUMMARY

Shoot growth and phosphorus content of Pueraria, Centrosema, Stylosanthus,
Panicum and Paspalum were best at 500 ppm and better at 100 ppm then at zero
ppm apatite. Root growth on the other hand was stimulated at 100 ppm and margi-
nally inhibited at 500 ppm. Both relative shoot and root growth responses were least for
Stylosanthus which showed a notable ability to take up P from untreated soil compared
to the other species. This may be related to its greater calcium uptake abllity as evidenced

In much higher calclum concentrations in its shoot than ir: the others. The grasses recovered o

. far more P from both treated and untreated soil than the legumes.
INTRODUCT ION

Plant-borne factors play a vital role in the hptake and release of P from rock
phosphates where root development,phosphate requirement and differential uptake
+ pattern-of ions by plants are more Important (Black, 1968).

Differential root development characteristics of specles, and thelr extenslty
have often been shown (Newman and Andrews, 1973) to Iimprove the efficiency
. of P uptake. This is due to the Increased root surface area and therefore improved
contact between plant rodts and P sources. Different growth rates of plant species
form the basis of the phosphate requirement theory ; slow growing species with
. reduced plant P taking up less P than fast growing species for normal growth
(Khasawneh and Doll. 1978).

Plant species also differ in their uptake pattern of cationsand anjons (Cunningham,
1964). The ratio of total cations and anions absorbed by plant can be related to
efficiency of P uptake from rock phosphates (Van Ray & Van Diest, 1979). - Plant
species that take up high amount of Ca also tend to acidify the growth medium
resulting In an increased avallability of P from rock phosphates (Bekele et al., 1983).
Removal of Ca from the gorwth medium also brings in more P into solution by shifting
the- mass action equlllbrlum of P sources (Johnston and Olson. 1972).
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Reported here is a study of some of the above factors on the uptake of P from
Eppawala apatite by five common tropical pasture species.

MATERIALS AND- METHODS
Apatite

The apatite used was malnly in the form of chloroapatlte and francalite with
129 total P and 1.59 citric acid (2%) soluble P. The pH in water (1:2.5) was 7.59.
The total Ca content in this material was 32.35% (Anon 1980).

Soll

The top (20.0 cm) soil from Dartonfield Estate, Agalawatta (red yellow podzolic-
ultisoil) having a pH of 4.6 in water and an available P (NH,F/HCL) content of 5.6 ppm
was used.

Estimation of root lengqh

Roots were washed out from soil and two random samples were measured using
the grid line intersect method of Newman (1966) and Marsh (1971). Dry welght
and total root lengths of these samples were estimated

Analysis of P and Cain plant materjal

Plant material was digested in Se/H,SO, followed by automated colorimetric
determination using the vanado molybdate. Determination of Ca was done by
atomic absorption spectrophatometry (Singh and Ratnasingham, 1971).

Experimental

The five species, Puerarla phaseoloides, Centrosema pubescens, Stylosanthus gaya-
nensis, Paspalum plicatulum and Panicum maximum var. Guninea B were planted
in 25 cm diam pots holding 6.5 kg soil. Apatite was used at two levelsviz 100 and
500 mg / pot (approx. 16 and 80 kgp/ha). Legumes were planted as acld —scarified
seeds without rhizobial Inoculation and grasses as tillers. Plants were harvested
at the end of 120 days, and dry weight of shoots and roots, root Iength P ‘content
in shoots and roots, Ca content in shoot were datermined, :

RESULTS

Because of Inherent species differences, relative values of shoot dry matter, P
content and root growth (length) as affected by apatite rates are more meaningful
for comparison than absolute values. ’

Of the three Iegumes, Pueraria and Centrosema showed similar curvilinear res-
ponse In both shoot growth and P content (Table | and 4) with Increasing rates of
apatite, On the other hand relative growth response of Stylosanthus to apatite was
Iess than that of the other two legumes, and in fact less than that of all the other
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species. Also the relative P contents.at the two rates of apatite were conslderably
lower for Stylosanthus than for all the other species. Paspalum and Panicum had the
hlghest magnitude of growth response to apatlte and of P uptake from it.

Table I. Effect of apdt:te on relative shoot growth (dry weight)

of specles
- Apatite (ppm)

. Nil 100 500 RRIS*
Pveraria T U100 . 190 305 109
Centrosema 100~ 174 3.7 0.93
Stylosanthus - 100 117 151 036
Paspalum 100 266 38 050
Panicum 160 2700 395 045

*RRIS—Required -relative Increase for the values to be
significant at 59 level.

Table 2. Effect of apatite on reldtive root length (m)

Apatite
: Nil 100 500 RRIS*
Pueraria 100 2011 195 062
Centrosema 100 - 176 1.61 0.30
Stylosanthus 100 128 . Li8 .030
* Paspalum 100 247 212 148
Panicum 100 226 193 065 .

*RRIS—Required relative Increase for the values to be
significant at 59 level.

Table 3. Effect of apatite on shoot root ratio (g/m) .

. Apatite
: . ' Nil 100 500
Pueraria 0.061 0.055 0.099
Centrosema : - . 0034 0.034 0.068
Stylosanthus 0090 008 0,116
Paspalum 0.105 0.113 0.163
Panicom . - 0068 008 0.137
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Table 4. Effect of apatite or relative shoot P content

Apatite (ppm)
Nil 100 500 RRIS®
Pueraria ' 100 207 396 09I
Centrosema 1.00 1.89 3.60 . 0.89
Stylosanthus 100 123 202 0.30
Paspalum 100 237 370 033
Panicum 100 25 36 042

*RRIS—Required relative increase for the values to be
-~ significant at 59, level.

Apatite at the 100 ppm rate greatly stimulated root growth but at 500 ppm there
was a relative inhibition though not singificant, compared to 100 ppm (Table 2). As
with shoot growth, the relative response was least for Stylosanthus and highest
for the grasses.

Except for the significantly higher concentrations of P (Tat le 5) at the 500 ppm
apatite that at nil or 100 ppm in Pueraria and Stylosanthus, the concentrations were
not affected in the other species by the rate of application. The results possibly
suggest luxury consumption of P by Pueraria and Stylosanthus at high soil concentra-

tions of P,
Table 5. Effect_ of apatite on mean percentage shoot P

Apatite (ppmj
, NIl 100 500
Pueraria . 0.119 0.131  0.169
Centrosema 0.104 0.113 0.i71
Stylosanthus 0.120 - 0.126 0.160
Paspalum 0.117 0.105 0.114 .
Panicum 0109 0l0I 0102

LSD (P = .05) 0.014
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. Table 6 gives the percentage of P recovered from the amount applied apatite -

- which Indicates ‘a higher relative recovery at 100 ppm than at 500 ppm. Grasses
recovered far more Pthan legumes at both levels. It is noteworthy that the difference
in P recovery amounts was smallest in Stylosanthus at the two rates of application.

Table 6. Percentage feco'very of apatite

Apatite (ppm)

100 500
Puer.a(ia ' 144 7.8
Centrosema | 1.9 7.1
Stylosanthus 9.6 68
Paspalum 2

“Panicum 380 144

Significant increases in shoot calcium content (Table 7) over the zero apatite -
treatment were observed only at 500 ppm level with Centrosema and Pueraria but not
with Stylosanthus. Of the two grasses Paspalum showed significant increases with
both increments of apatite and Panicum only with the first increment.

T'able 7. Effect of apa'tite on relative shoot Ca content

. Apatite (ppm)
Nil - 100 500 RRIS *

' Pueraria 100 207 250 239

" Centrosema ' h 1.00 223 an 225

* Stylosanthus 100 LI0 . 130 049
Paspalum 100 323 501 . 1.69°
- pantcum™ 100 305 377 170

’RRlS=Requ_Ire‘d relative increase for the values to be
significant at 59, level. :
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Calclum concentration In shoot was not affected by apatite trestments in
Pueraria and Stylosanthus but Increased significantly in Centrosema (Table 8). There
‘was however no significant response beyond the first apatite level. A significant
increase In calclum concentration was observed for one of the grass species (Paspalum)
only at the higher level. Grasses had relatively lower calclum concentration than
legumes, and Stylosanthus has a remarkably high shoot Ca concentration.

Table 8. Effect of ap;'mte. on percentage Ca In shoot .~
Apatite (ppm)

Nil 100 ° 500 Mean
Pureraria . 0950 1.032 1.014 099
Centrosema 0.698 1078 1135  1.037
Stylosanthus 1553 1414 1344 147
Paspalum 0626 0.765 0823 -0.738
Panicum 0545 0.637 0533 0.572

LSD (P = .05) for the crop means 0.117

The shoot-root ratio did nct differ appreciably between nil and 100 ppm apatite
but greatly increased at 500 ppm, because of the inhibitary effect of this concentation
of apatite (Table 3) on root growth of all species as compared to 100 ppm. )

DISCUSSION

All species showed substantial responses in terms of growth and P uptake to
applied apatite suggesting that It can be used as a source of rock phosphate. It
would seem that despite the low citric acld solubility the low soil pH enhanced
avallability of P from the phosphate to all species. This study does not permit ascer-
taining its effectiveness relative to other standard rock phosphates. However pre-
vious studies by Waldyanatha and Arlyaratne (1979) showed that saphos phosphate
was superior to apatite for growth of Pueraria and Panicum, but that by Yogaratnam
(1987) on rubber and Sivasubramaniam et al. (l98l) on tea showed that Eppawala -

" apative could be substituted for imported RP.

The response trends for 100 ppm (about 16 kg P/ha) and 500 ppm (80 kg P/ha)
however suggest clearly that the optimum response is above 100 ppm for all species
under the experimental conditions implying low solublility of the phosphate source.
However, responses In pot experiments to nutrients are often greater In magnitude
than In the field due to the limitation In soil volume for plant growth, and cannot
therefore be interpolated dlrectly to the field situation.
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The magnitude of response to_phosphate application was strikingly lass for
Stylosanthus than all the other species implying that it was relatively mare efficient
in taking up phosphorus from native soil sources that the others, or alternatively,
they are less adapted to uptake of P from apatite. Stylosanthus in particular is known
to be a good phosphate scavenger ind thrwes in solls deficient in phosphorus (Smlth
and Jackson. 1983). .

One reason for this may be its ability to take up relatively large amount of calcium
from soil (Table 7) which has been the case even In the absence of apatite.
Decrease in calcium ion concentration in the root vicinity results in a concomitant .
shift in the mass-action equilibrium of calcium phosphate in the soil and more
. phosphate ilons are solubllized (.lohnston and Olsen, 1972). In the case of grasses
and legumes other than Stylosanthus there is relatively greater uptake of calcium-
with apatite application which in a way is consistent with the relatively greater uptake
" of phosphate from apatite than Stylosanthus. '

The unusually high concentration of P at 500 ppm apatlte in Pueraria and Stylosan-
thus suggest luxury consumption of P by these two specnes at high soll concentration
of the element. :

The'lnhibltory of effect of 500 ppm apatite on root.development is of concern
and necds further investigation. It is important to- ascertain whether it is due to
‘ any inhibitory-ion such as the fluoride present in the apatn:e

It is to be conclude that apatite when applied in sufficient quantities to compensate .
for the lower availability of phosphorus from it compared to otherstandard rock
phosphates, is satisfactory for growth of pasture plants or other perenmal crop
systems.
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