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Response by Flooded Rice to Phosphate Rocks Varymg mn Citrate Solubihty’

O P ENGELSTAD, AROON JUGSUJINDA, AND S K Dt DATTA?

ABSTRACT

Studies were conducted in the greenhouse and in the field to
ovaluate several phosphate rocks for flooded rice {Oryza satia
L) A close relationstup was found to exist between first crop
yield response to apphed P and citrate solubility in a sertes of
phosphate rocks representing the theoretical range i this pa
rameter Greenhouse (TVA) and field data (Thailand) showed
quite ssimilar results in this respect

The same general pattern of eflectineness amony snurces per
sisted through the second crop as found for the first crop The
residual effcctivencss of tniple superphosphate (TSP) remaned
higher than that of the phasphate tocks, however, the relation
ship between 1mitial eitrate solubthty of the pho phate rocks and
relative effcetivencss i the sceond crop was rather poor

A procedure 15 presented which enables one to make the
choice of P source on the baus of both agrononuc effectiveness
and prices of P 1in TSP vs phosphate rock

Additional Index Words rock phosphates, trple superphos
phate, Thailand, acid sulfate soil
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N THOSE sREAS of Southeast Asia where rice (Oryza
I saniva L ) 1s grown on acid soils, phosphate rocks have
often been applied directly as sources of P for rice These
sources are lower n price than acidulated phosphates and
can represent a means of reducing fertiizer cost where
transport costs are not too great

It has often been assumed that all phosphate rocks are
composed of fluorapitite and are similar n effectiveness
for direct apphication However it has been shown by a
number of workers that there are substantial differences
in effectiveness among phosphate rocks from different de
posits These diffcrences have been shown by Arnuger and
Fried (1), Caro and Hill (3), and Lehr and McClellan
(7) to be relted to therr solublity 1n amonmium citrate or
citric acid solution and thiat this solubility in turn s related
to the degree of substitution of CO;2 and F for PO~
in the apatite structure In fact Lehr and McClellan have
found 1n an extensive oximination of important world de
posits tnat, with few cxceptions the apiites were not
fluoraptte but belonged to 1 series of carbonate apatites

t nsmunger Poarson  and Arnniger (4) found that solu
biliy 1 sequestrene wd crtrate solutions w s 1 better me
sure of wulibility ol phosphite roch thin I ocontent or
speeific surfee They also found thu none of the phos
phate rochs producad w high yicdds s superphosphate
regardioss of rite wdded

Using v cries of phosph de tocks varyig i atrate solu
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Table 1—--Sources of phosphate rocks uscd i those studies and pactial o1z ) sid physical analyses®

Al

et COp tont VU 1 reent
Jotal P Citrate notuble | utthi y of apatit ¢ 1o
Deposit Ix scription % Y of wial 1) it tiyler mesh)
North Carolina Clastic phospharite (Sedlinuntary) It LR A 50 9
tlorida (north) (Sedimentary) 142 204 It 37 kL
Florida (central) Fobble (sedimentary) 143 16 2 w1 _ 3s 9%
1daho Shale phosphorite  (dimentary) 141 1ns $S 18 99
Tenaessee lirown rock (dSedimentary} 11 4 "7 ] 15 7
fodla (Udatpur) (Mctamorghic) 758 52 7 07 89
Missourl (igncous) 152 14 112 02 98
Analytical data from June 1969 | rogeuns Heport of Fundimental Hescarch Branch 1VA  Tha AL proecs Wure wag used in the

determination of citrate scluble P
1 Determined by chemical analysia

bility, Terman, Allen, and Engistad (8) reported a good
relationship between AQAC avaslable P ind response by
flooded rice in greunhouse pots Bengtson, Sample, and
Allen (2) showed thc same relationship with slash pine
scedlings

The purpose of this paper 1s to present results of both
greenhouse and field « xpertments conducted to evaluate the
relationship of citrale solubility of phosphate rocks to
agronomic effectiveness for flooded rice

ENPERIMENTS CONDUCTED AND RESULTS

A serics of phosphate rocks was selected to represent a
wide range of citrate solubility, this was a different scries
than used by Terman ct al (8) and Bengtson et al (2)
For corvenience in procurement, most of these phosphate
rocks were from deposits in the USA However, a phos-
phate rock from India was included in the greenhouse
experiment

The chemical charactenistics of these phosphate rocks
are presented in Table 1 The AOAC cutrate soluble P con
tent (as percentage of total P) varies 1n this series from |
to 26% The absolute citrate solubility (ACS) index as
defined by Lehr and McClellan (7) 1s also provided 1n
Table 1 This index 1s calculated as follows

_ AOAC citrate soluble P (%)
" Theoretical P (%) of apatite

ACS

The ACS values are useful when comparing phosphate
rocks of varying apatite content The CO, substitution 1n
the apatite structure 1s indicated by the CO, content, which
varied between 02 and 50% The percentage of each
phosphate rock passing through a 100 mesh screen 15 also
shown (varying between 76 and 99%) Further informa-
tion on these phosphate rocks i1s provided by Lehr and
McClellan

Greenhou  Experiment

Mountview silt loam limed to pH § 2 with a 2 1 nuxture
of CaCO;-MgCO,; wns placed n 25 um plastic pots i
S-kg lots ¢cich The phosphate rochs listed tn Table | and
triple supcrphosphate (TSP), hoth fine nd granular, were
added at rates of 50 100 nd 200 mg of total P per pot
(10, 20, ind 40 ppm) nd nuxcd with the soil Three
replicates were prepired of cich treatment Rice (var
Nato) was seeded directly ind the soil brought to field
cipacity After emergence the plants were thinned to 12
per pot Flood waiter was apphed at 3 weeks after seding

and mnintained contmuously 1t a depth of about 4 ecm dur
ing the growth peniod  Other nutreents, such as N, S, and
micronutrients, were added in amounts adequate for good
growth

The rice was harvested during the boot stage of growth,
dricd, weighed, ground, and analyzed for P, using a molyb-
dovanadnte procedure

The soil was allowed to dry, then passed through a
12-mm screen, and icturned to the pots A second crop
was then grown undir the same procedure as for the hirst
crop, except thiat no fresh additions of P were made

The response patterns were essentinilly identical for yield
of dry mtter and PP uptahe  The first crop yield data are
plotted in Fig 1 s 1 function of rate of P added Much
difference in response was obtained among the phosphate
rocks The most soluble phosphate roch—the North Caro
lina—approached but did not equal TSP 1n effectiveness
for yield The least citrate soluble sources—Missouri and
India—were quite in¢ I fective

Relative agronomic effectiveness (RAE) values were
calculited for the two crops These values (Table 2) indi-
cate on a rclative scile the agronomic effectiveness of the
various phosphate 1ocks compared with that of TSP For
the most part, the RAE values were sinnilar for both crops

The relationship between RAL and citrate solubility for
the phosphate rocks i1s shown graphically in T'ig 2 The

50 ABSOLUTE
CIT SOL INDEX
o TSP 100
.%o NC 98
/‘
- »
o
3 / oFLIN} 148
w0 /o FL(C) 101
-
g '/
> /' o ID 55
& e
uw /
o o TN 51
3 1 o MO 12
‘5 I X ® INDIA t7
3 )
10}-
4
i ] )
[+) 50 100 200

P ADDED MG/ POT

Figg 1—=1 flect of varous P sources on the forage yield of rice
in a greenhouse experiment (TVA)
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Table 2—Rclative effectiseness of various phosphates over two
consecutive crops (greenhouse experiment) ®

Source of 1 Crop ) Crop 2
Nurth Carolina Ry 87
Horida (north) 4t 48
t1rida (central) 37 »
(dsho i 4t
Tennessee ] 10
India (Ldalpur) 0 [}
Misaour. (] L]
I8 (35 me ) 1) 9%
TSE ( 649 mesh) 100 %

Alter averaging the dry matter yiclds over all rues  these values were caleulated
valag the formuia . \“ control
\Tﬁl" control
RAE values are plotted against both the ACS index and
the citrate soluble P content Beciuse of variation in con
tent of apatite wmong the phosphate rochs, the ACS index
was more appropriate than the citrate soluble P content
The lincar regression model accounted for 95% of the
variation 1n relative cffectiveness using the ACS ndex as
compared with 90% for the citrate soluble P content

100

I'eld Lxperiments

Using the phosphate rocks from the USA listed n Table
1, field experiments were established 1n 1969 on wet season
rice at two locations near Banghok, Thailand This was a
cooperative effort (S) involving the Rice Department of
the Ministry of Agricuiture, the International Rice Re
search Institute TVA USAID, and Kasetsart University

Klong Luang Rice Experiment Station The soil was de-
veloped from brackish water sediments It possesses a heavy
clay texture throughout the profile with a blackh upper hori-
zon This is an acid sulfate soil, belonging to the Ongkarak
series The pH of the plow layer of the experimental site
was about 4 6

Banghhen Rice Expermnent S ation The Bangkhen soil
was derived from alluvial sediments, having a heavy clay
texture throughout the profile At the experimental site,
the pH of the plow layer was about 5 8

A rice variety known as RD-1' was used in both exper:
ments, this 1s a cross between ‘Leuang Tawng’ and ‘IR 8

100
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Feuang Twwng 18 10l Thar variety hnown for boing non
stnsitive to photopuniod A sphit plot design was used 1n
these experiments with 4 rates of P (11, 22 44, and 88
hg of P/hn) applicd s mun plot treatments and with the
sources of P as subplot trcatments There were two check
plots in cach rephicte The extra check plot w s ncluded
to permit the applicition of fresh TSP standard for the
succecding crop the purpose of this was to purnut accurate
measurement of the residual cffectivencss of the phosphate
roch ¥ The P furtihzers were broadest on the mud and
then incorported in the soil during the Iast harrowing At
tme of trinsplanting immeditely before the last harrow-
ing 100 hg/ba of N 1s immonum sulfate ind 33 kg/ha
of K ns potissium chloride were pplicd A total of 40
kg/ha of N as immonium sulfate was pphed later 1n two
topdressings with about § cm depth of water on the plots

Three to six 21 day old secdhings per hill were planted
20 by 20 cm aprt in strught rows Hnd weeding was used
and nsecticides were pplied for inseet control Gram yield
was measured by sampling S m’ of cach plot excluding
border rows The date of hewing in cach treatment and the
yield components at harvest were also recorded

The average yields of rough (unhulled) rice for both
locations are plotted tn Fig 1 for the first crop (1969 wet
scason) The greatest yield response was obtained at Klong
Luang, however a quite satisfactory yield response was
obtained to applied P at Bangkhen as well

Relative agronomic effectiveness values were calculated
for these data and are presented 1n Table 3 The values
for the first crop are plotied against ACS index in Fig 4
for both locations Ihe relationship was linear for the
Bangkhen location and curvihinear for Klong Luang The
simple lincar regression mode! accounted for 887% of the
vartation in the RAE values for Bangkhen a ‘square root"

"The Klong 1 uang experiment was continued through eight
surcessive croppings to evaluate the long term residual effects
of these phosphate rocks The Banghhen experiment was termi
nated after the third crop These residual yields will be pre
sented elsewherc

80

40}

20}~

Ye-750+4 29%
r2= 95

RELATIVE AGRONOMIC EFFECTIVENESS %

— 1 1 L 1 ]

A
Y*=160+3226X
. r® 90

4
1 1 i

0 9 10 15 20
ABSOLUTE CITRATE SOLUBILITY INDEX

-] 10 1] 20 25
CITRATE - SOLUBLE P % OF TOTAL

30

Fig 2—Flot of relative agronomic effectsy eness agmnst the ahsolute utrate solubihty index and aganst the content of Gtrate soluble

P, % of total (greenhouse experiment)
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Fig 3—icld of rough rice at Klong Luang and Bangkhen Rice
Experiment Stations, Thailand, as affected by rat~ and source
of P applied (crop 1)

regression model accounted for 97% of the varation In
RAE values at the Klong Luang location

These experiments were continued during the dry season
of early 1970 to ascertamn the 12sidual effectiveness of the
various sources applicd to the first crop No new P was
applied except for ‘he fresh TSP standard mentioned
above The experniment otherwise was conducted in a man-
ner similar to that followed 1n the first crop

The response to both freshly applicd and residual P was
marked at the Klong Luang location and marginal at
Banghhen In tact, at the latter location, the respon e was
so small that hitle can be said regarding residual effective
ness The yeeld data from crop 2 at the Klong Luang
experiment are plotted tn Fig 5

Relative agronomuc cffectivencss vilues (Table 3) were
calculated for the Klong Luang datn using both the residual
and freshly applied TSP as standards It 15 of interest to
note that the superiority of TSP over the phosphite rocks
persisted through the second crop The main difference in
the residual offects 1s that with the exception of the Mis
souri rock the marked rehwionship between citrate soluble
P content of the phosphate rochs and RAE had largely
disappeared In this acidic soil (pH 4 6) P would by this
time he supphed by intermediate rection products in add
tion to residuces of the 1nitial apatite

The TSP applicd 1o the hirst crop dechined shghtly i
uifectiveness rihitive (o the freshiy apphed TSP This pre
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Fig 4—Relative agronomic effectivencss (%) of P sources plot
ted agamst citrate solubihty index for both Thailand field ex
periments (first crop only)

sumably resulted from crop uptake and reaction with the
soil to form less soluble products Such effects may have
been more important at the lower rates, since the two TSP
curves converged at the highest rate of application

These data from Klong Luang indicate that (1) residual
effects of all rochs except Missouri were substantial, (n)
the relationship hetween relative agronomic effectiveness
of the phosphate rocks and citrate solubility levels was
largely obscured, and (1) the general superionty of TSP
over phosphate rock in terms of effectiveness persisted
through the sccond crop

DISCUSSION

Greenhouse and field data presented in this paper show
clearly that there are substantial differences among phos-

Table 3—Relative agronomic effective values for field experi
ments i Thailand

hlong Luang Bangkhen
source Crop | Crop 2¢ Crop |
North Carolina 78 5 76
Horida (north) 83 73 64
Florida (central) 78 9 6
ldahu 69 3} 4
Tunnessce 5 65 il
Missouri ] 0 3]
84 (crop 1) 1 L] 1w
1S {crop 1) [[L1)
Caloulated after ave raying the vicld o d rough rece for the 11 22 and 44 kg rates of P
1 Caleulated as tbuve oxe g1 that e 318 Rl vt inepcasis to 22 49 and 88 hy rales

(V wrc und
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Fig 5—The residual effectiveness of varous P sources for crop
2, as compared with freshly applied TSP Klong Luang Rice
Experiment Station, Thailand

phate rocks 1n terms ot agrononuc effectiveness for flooded
rice Further, these differences can be predicted by means
of citrate solubility or by the ACS index It appears that
the latter 1s more appropriate where the content of apatite
varies among phosphate rocks The most soluble phosphate
rocks 1pproached but did not actually equal TSP in linut
ing (maximum) yield in these experiments regardless of
rate apphed This agrees with the results of Ensminger,
Pearson, and Armiger (4) One needs to consider the defi-
mite possibility of some yicld loss in choosing a phosphate
rock over TSP, such yicld losses must be weighed against
the lower price of phosphate roch The explanation for
such losses may involve concentration of soluble P n the
soil Khasawneh and Copeland (6) suggest that the growth
rate of crop plants is a function of P concentration that can
be muntamed in the soil solution If P concentration s
liniting or nadequate beciuse of 1 lower dissolution rate
of phosphate roch, the growth rate and ultimate yicld
will be dinnnished accordingly

The RAL values based on yeld increases reflect the
agronomic cffectivencss of these various sources relative
to the TSP standard, howcver, these should be supple-
mented by an economic analysis before rational choices can
be made

The following calculations will provide an estimiate of
the relative econonuc effectiveness (REL)

Y |
REE = —1% x - % 100
YTS! i

or

Price of TSP/hg P

REE = RAE X
Price of PR/kg P

»

100 T
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RELATIVE AGRONOM'C EFCECTIVENESS (RAE)
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Fig 6—Rdlationship between relative effectiveness values
{RAL) and the price 1atios between TSP and phosphate rock
Such a figure can be used 1n making a choice between these
sources

If REE exceeds 100 1n this calculation the phosphate rock
would be preferable to TSP

The REE calculitions were used in preparing an indif
ference curve (Fig 6) wherein RAL values are plotted
against P /P,y ratos [he curve itself connects those
pomnts at which REE cquals 100 When exactly on the
curve, 1t mahes no real economic difference what source
1s chosen After choosing a suitable price ratio, ont can
then project upward from that ratio, knowing the RAL
value (or estimating 1t from such data as shown in Fig 4,
using citrate soluble P conltent) one can then choose the
source on the basis of hoth agrononuc and economic con-
siderations For example f the price ratto 15 2 5 and the
RAE value of the phosphate rock 1s greater than 40, the
rock phosphate 1n question would be used However if the
RAE value was less than 40, TSP would be a better choice
There are indications thau 1f the P in the more soluble
phosphatc rochs (North Carolina, north Florida central
Florida) 1s less than half as (xpensive as that in TSP these
rocks would be feisible alternatives to TSP on soils simulai
to those used 1n Thailand

This an~iysis does not take 1nto account the possibility
of lower yields from usc of phosphate rock In addition
only a portion of the various yieid response curves was
used 1 this amilysis 1e up to 22 hg/ha Beyond this
rate, yield responsc wis much less pronounced It could
be argued thit at less thin maximum yields TSP would
produce a cert un yield 1t lower rates of P than would phos
phate rock This would cspeciilly be true for low rates of
ipphication  For eximple 1t Klong Tuang 5,500 kg of
rice per hectiwe could hive been produced with either
11 hgof P 1s TSP or 44 kg of P 1 some of the more reac
tive phosphite rochs [t should he pointed out however
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that this s the yield level that would show the widest
diiference, such 1s the advantage of hindsight

Farmers generally prefer granular fertilizers for machine

or hand application This 15 & disadvantage for the phos
phate rochs which are normally pplied in fincly divided
form Recently experimental quantities of granular urea
phosphate rock mixtures have been made by I'VA Results
of tnials with these fertihzers will be reported elsewhere
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