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Response by Paddy Rice to Rates and Sou rces of Applied Phosphorus'
G L Terman, S E Allen, and O P Engelstad?

ADSTRACT

A series of greenhouse pot experments with flooded
rice (Oryza sativa L. var ‘Nato’) was conducted on
' Mountview silt loam, a soil found to be very low
available P for upland crops Marked yield response
by rice was obtained to applied P, but maximum yields
were obtamed at much lower rates of applied P than
is true for most upland crops Response to apphed P
decreased with hming of the sol and with increasing
levels of acid-soluble soil P Grarular watersoluble P
sources were most effective for increasmng tillenng and
yrelds of rice, granular dicalcium phosphate was 1nef
fecuve  Effectiveness of several fine phosphate rock
sources incrcased with increase in content of AOAC-
avadable P The P i S-coated concentrated super
phosphate was not available to a first crop of rice but
after degradation of the coating became available for
a second crop The P in Fe phosphates was more avail
able than that in Al phosphates i the flooded soil
These phosphates were more available s fines than
as granules and mn colloidal form than as fine crystals

Addstional key words Fhosphate rock, Superphosphate,
Ammomum phosphates, Fe and Al phosphates

MUCH of the world rice (Oryza sativa L) produc
tion 1s on soils showing low to moderate yield
responses to applied P fertilizers Widespread use of
rather fertile alluvial soils for paddy rice 1s one reason
for this A second may be the accumulation of crop
and fertilizer residues over long periods of cropping
A third involves the reducing conditions which develop
in flooded soils Iron phrsphates in part cular, which
have rather low availab: ty under well aerated condi
tions, may be reduced in flooded soils and become
available to the rice crop Another reason for low re
sponse of rice to P in Aua and other areas where rice
1s transplanted 1s tha. the piants may be imitially high
i P as a result of heavy fertihzations of the nursery
beds For these reasons, P fertilizers varying widely
mn availability to upland crops may all supply adequate
P for rice under conditions of low response to apphied
P

Very few results from comprehensive P source and
rate expeniments on severely P deficient so1l have been
reported Most results from P source expertments arc
not very meammngful because of little or no response
to applied P or because of hugh variability of the re
sults The purpose of this paper 1s to report results
of greenhouse pot experiments comparing various P
rates and sources for paddy rice grown on soil ex
tremely deficient 1in available P for upland crops

Since 1t was not possible to find soils used for rice
production which were very low m available P, the
soil selected was not one in which rice had been grown
previously Consequently, the results obtained are
perhaps not typical of most rice soils, but do provide
information on P response characteristics of rice on

* Contribution from the Soils and Iertihizer Rescarch Branch
National Fertilizer Development Center, TVA Muscle Shoals,
Alabama 35660 This research was supported 1n part under an
A1D participating a%cncy service agreement No RA (AQ)5 69
Received Oct 23 196

* Agronomists

390

so1l which supplies only a s.nall fraction of the crop
needs

MATERIALS AND METHODS

Certain chemical components of the P sources compared in
the various experiments are shown i Table | The Nato
variety of rice was grown on Mountview silt loam (PH50 b kg
per pot) in all experiments This soil tested very low m djlpte
acid soluble P The soil was med to pH 63 with 625 g of a
2 to 1 mixture of CaCO; and MgCO, for all pots in Ex er1
ment 1 with 10 g of this mixture for half of the pots in’ Ex
periment 2 and 4 g for each pot in Experiment § Adequhte
amounts of N as urea or (NH,),80, (total of 600 mg of N/pot)
K as K;8O, (200 mg of K/pot) and mucronutrients for gqod
growth were also mixed with the soil for each experiment
Lach P or no P treatment was rephcated 8 or 4 times

In Exrenmest 1 nice sced were planted by barely coverjng
with so1l and the plants thinned to 10 per pot  The soil was
maintamed at 1009, saturation for 3 weeks then flooded 19 a
depth of 5 cm After 8 wecks of growth including a final' 2
week drying period two replicates of the treatments were har
vested at the boot stage An additional 300 mg of N per pot
was added to the remaining 2 rephicates which were thep b
flooded The final harvest of mature gramn and straw was made
17 wecks after plan ing

In subsequent experiments rice seedlings were grown n sand
cultures to 1 height of about 15 cm before transplanting to
flooded soil Tour hills of threc plants each per pot were
transplanted A continuous flood of 5 cm of water was main
tamned untl harvest

Yields of dry fohage or of mature grain and straw and total
¢zt of P by 1 vinidomolybdate colorimetric methodlxeéc

ade

ue =rmuncd for each pot Counts of stems per pot were
1t ume of harvest
LXPLRIMENTS CONDUCTED AND RESULTS
Expenment 1

The Florida phosphate rock (PR), partially aqidu
lated with H3PO,, and concentrated superphosphate
(CSP) sources compared 1n Experiment 1 were the same
as those previously evaluated for corn (Terman and
Allen, 1967) Ammonium polyphospnate (APP), di

ammonium phosphate (DAP), monoammonium phos
phate MAP), and urea ammontum phosphate (UAP)

Table 1 Certain chemical components of the P sources,
% of total p

Tolal Tolal
N r AOAC  Water
% % avajl aol Fxp
Florida phosphate roch {PR) 138 12 0 1
PR 10% acidulation 158 37 1 1
PR 257 acidulation - 17 6 59 45 1
PR 50¢ acldulalion - 20 2 a3 n 1
IR 75 acidulstion - 216 04 86 1
100 % {conc superphos  CSP) 219 99 2 15
Ammonfum polyphosphate (APL) 15 2 274 100 100 L4
Diammonium phosphate (DAT) 21 2 235 100 100 1
Monoammonium phosphate {MAP) 122 2609 100 100 1,4
Urea ammonlum phosphate (UAD) 247 163 100 100 1
Gafsa IR - 12" a1 4
North Carolina PIt - 131 au - 4
}lorida PR - 143 18 - 4
Morocco I R 160 1 - 4
Togo PR - 160 9 - 4
Quebee IR 17 7 [} - 4
Sulfur coated CSP - 48 - - 4
Nitric phosphate (NP) 1 20 0 93 100 84 5
(NP) 2 186 87 100 23 8
Dicalelum phosphate (DCP) 227 100 3 8
Collolda] A1PO, - 151 - - 8
Colloldal Fepo, - us - 8
Variscite (AIPO, 2M,0) 192 - - 5
Strengite (ePO; 211,0) 16 4 - - 3
MENH, PO, H,0 a0 200 93 - [
FeNl 10 H0 72 16 4 87 8
7nlM, PO, 78 17 4 48 - 5
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were also included AN were granular fertilizers
(—6--9 mesh), except for the —200 mesh Florida PR
Each source was mixed with the so1l to supply 20, 40,
and 80 ppm (100, 200, and 400 mg of P/Pot) Rice
seeds were planted 1n March 1967

Igure 1 shows yield response by rice to 20, 40, and
80 ppm of P after 8 and 17 weeks of giowth There
was only slight response to CSP above 20 ppm of P
The same was true for the ammomum phosphates and
variously acdulated PR fertihzers (data not shown)
Consequently, 1t was not possible to evaluate these
sources 1n this experiment, since all supplied near
adequate P at all application rates

Response to unacidulated Florida PR was much
lower than to the more soluble sources and 1ncreased
up to 40 ppm of applied P Simular differences among
P sources were found for crop uptake of P as were
found for dry matter

Response of corn (Zea mays) to CSP and PR after
8 weeks' growth in 1 previous experiment on the same
so1]l (Terman and Allen, 1967) increased 1in a near
linear manner with all apphcation rates This 1llus
trates the commonlyrnade observation that crops
grown under nonflooded conditions usually respond
much more to applied P than does paddy rice grown
on the same soil (Kapp, 1948, Sturgis, 1936, Mitsus,
1964, Patrick and Mahapatra, 1968)

Experiment 2

Granular CSP was mixed with the unhmed and
Iimed soi1l to supply 10 and 20 ppm of P/pot Rice
was transplinted 1n November and harvested after
12 weeks 1s heads were starting to emerge 1n January
1969

As shown 1n Table 2, yield of dry foliage and uptake
of P were maeised sigmficantly by himing without
applied P With applied P, yield and uptake were
much higher, but there was no appreciable effect of
Iiming The pH of the flooded soil at harvest was 57
to 6 1 without liming and 66 to 6 7 with liming

Experiment 3

Mountview so1l imed to pH 6 0 was moist incubated
for 6 weeks with 0, 40, and 200 ppmof Pasa 1 to 1
muxture of fine CSP and anhydrous dicalcrum phos
phate (DCP) These additions resulted 1n acid soluble
P levels of very lew, medium, and high

Granular CSP nd a mixture of 5095 CSP and 50%
DCP were mixed with the variously phosphated soil
to supply 0, 10, 20, and 40 ppm of P at time of trans
planting rice seedlings 1n March 1969 After 7 weeks’
growth the crop was harvested in May at the boot
stage of head development

Marked .esponses (Table 3) were obtained to ap
phed granular CSP on the low P soil, both 1n terms
of yield of dr{') fehage and of ullering Much less
1esponse was obtuned to the granular CSP DCP mix
ture Response to 40 ppm of applied P was barely
significant at the 5% level on the soil medium 1n P
No response to apphied P was obtuned on the so1l high
in soluble P

Lxpermment 4

In experiment 4 various 200 mesh PR sources from
several countries (Table 1} were compared with gran
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Fig 1 Yield response by rice to P in CSP and Florida PR on
Mountview silt loam
Below — 8 wecks’ growth
Above — 17 weeks’ growth (Experiment 1)

Table 2 Effect of liming Mountview silt loam on response
by rice to apphed P (Experiment 2)

P applled
Liming ppm

Yleld of dry
follage g/pot

P uptake

No of plants and
mg/pot

tillera/pot

Unlimed

4Amed

LSD % level

9
22
25

13
21
25

12
28
81

15
28
33

3

10
u
18

13
u
16

3

Table 3 Response to P applied at transplanting by rice
grown on Mountview silt loam at different levels of soluble
P (Experiment 3)

P source and

Yield of dry follage g/pot

No of plants + tillera/pot

ppm

V lowP Med P HIgh P

V lowP Mcd P HighP

[
100% CSP
10
20
40
§0% CSP 50% DCP
10
20
40
18D 5% level

27

20
2
a3

28
27
29

5

33

33
32
31

31
an
29

ns

12

28
33
39

15
25
28

37

a9
40
43

35
35
as

]

49

48
48
43

46
49
43

ns

ular (—6+4-9 mesh) APP, MAP, CSP, and sulfur coated
CSP  The coated CSP had a total coating weight of
33%, of which 3% was a wax sealant Only 04% of
the P dissolved 1n water at 43 C i 1 day and 11%
m b days ELach source was mixed with the soil to
supply 10, 20, and 40 ppm of P

Rice was transplanted fune 26, 1968 and grain and
straw were harvested on October 15, 16 weeks after
transplanting Heads were still green when grown
on soil receiving no applied P or the less soluble PR
sources and the grain was poorly filled
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Fig 2 Effect of source ind rate of applhied P on number of
gramn beaning heads at harvest Water soluble P—~APP,CSP,
and MAP, less soluble PR—Morocco, Togo, and Quebec
sources (Expcriment 4)
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Fig 3 Grain development and ullering of rice with no ap
phed P and with 100 mg of P (20 ppm) as CSP, S-coated CSP,
Gafsa PR, and Qucbhec PR (Expeniment 4)

After drying, roots ind stubble from crop 1 were
mixed with the soil A second crep was similarly
grown on the soil of selected treatments with N and
K additions but without 1dditional apphed P

Tillering Fig 2 shows that numbers of grain bearing
heads at time of harvest increased with the 10, 20, and
40 ppm P rues of the water soluble sources (APP,
MAP, and C5P) The same was true for Gafsa (Tunis)
and Noith Carolina PR souices, for which there were
fewer tillers The less reactive PR sources had only
a shight effect on tillering at the hugher P rates No
tillers were formed with no apphed ?, Quebec PR,
the least reactive source, and S coated CSP  Differences
in tillering and stage of gram development are shown
in Fig 3 These results indicate that the higher P
concentrations such as those found adjacent to gran
ules or bands of water soluble P fertilizers (Terman,
1967) are essential for tillering and early grain develop
ment of rice 1n a soil very low 1n acid soluble P Sim
1la. effects have been reported for other small gruns

Yield Responsc As shown Fig 4, most of the
gramn yield response ws obtuncd with 10 ppm of P
applied as granular water soluble sources SAPP, MAP,
and CSP) which had similar effects Yields of grain
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Fig 4 Yidds of rice grain and of grain - straw as affected
by source and rate of applicd P (Experiment 4)
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Fig 5 Relationship between total yicld of gram and straw
with 40 ppm of apphed P and dissolution of PR sources
in ammonium citrate (Expeniment 4)

plus straw, however, increased with all rates of applied
P Shghtly less grain and total yield were obtained
with the Gafsa and North Carolina PR than with the
water soluble sources Simlar conclusions could be
drawn from comparisons of uptake of P by the rice
clop

Response to P 1n the various PR sources was closely
related (Fig 5) to themr solubility in ammonium
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Fig 6 Dry matter yields and ullering of rice, as affected by P source, rate, and granule size (Experiment 5)

atrate solution (AOAC method) This result may
help to explain some of the differences 1in conclusions
in the literature concetning the relative value of PR
and more soluble phosphate fertihizers for 11ce  The
agronomic vilue of a paruculir PR source varies
widely with 1ts fineness and reactivity, which 1s differ
ent among geographical somces 1nd even within the
same source (Caro and Hill, 1956) Lehr (1967) found
that 1eactivity of phosphate rocks was rather closely
related to the degree of substitution of Ca, P, and T’
in the apatite structure by other elements

Growth of crop 2 with P residues from ciop 1 were
m the order S coated CSP > CSP > Gafsa PR >
Flonnda PR Ixcept for S coated CSP, the order of
response was the same for both crops Thus, the rela
tive residual avaulability for CSP and the phosphate
rocks was the same as for the freshly «pplied P sources
The S coating prevented appreciable release of P fro a
CSP for crop 1, but S conted CSP was the most effec
uve source for crop 2, due apparently to degradation
of the coating nd release of { for crop 2

Expermment &

In expernment 6, several granular (—6-4-9 mesh)
fertilizers were compared (Table 1) These were CSP,
twé nitric phosphates (NP, 23 and 54% of the ¥ water
sollible), DCP, colloidal Al and Fe phosphates (Lind
say and DeMent, 1961), 1nd Mg, I'e and Zn ammonium
phosphates  Finely crystalline stengite (FePO, 2H,0)
and vanisate (AIPO; 2H,0) were also included, as
wére fine CSP and fine collodial Al and Fe paosphates
Edch source was mixed with the soil to supply 10 and
20 ppm of P Rice plants were transplanted 1n Febru
aty and after 12 weeks’ growth harvested at the early
héading stage of grain development in May 1969

As shown in Fig 6, most of the yield response was
o‘)talned to 10 ppm of apphied P from the various

soutces, with an additional significant response to 20
ppm from most sovrces Highest yields and P uptake
were obtamned with granulir CSP, NP, MgNH,PO,,
and fine colloidal FePOy,, 1nd intermediate yields with
granulir TeNH,PO4, ZnNH, POy, fine collodial AIPO,,
and aystalline FePOs 2H,0 (strengite) Lowest yields
and P uptake weie obtuned with fine crystalline
AIPO4 2H,0O (vanscite), granular DCP, and colloidal
TePO4 ind AIPO4 The crystalline stiengite was much
more waulable than variscite, apparently because of
reduction of ferric Te 1n strengite to form a soluble
ferious phosphnte

Counts of the number of stems at harvest (Fig 0)
mdicated little or no tllering with fine crystalline
v-ascite, granular DCP, colloidal AIPO,, and colloidal
FePO; The greatest tillering occurred with CSP and
NP sources contumng watersoluble P or with
MgNHPO; The pronounced dependence of yields
on tilleting in this experiment 1s indicated by the
highly sigmificant r2 values of 066 and 0 74 at the 10
and 20 ppm applicauons of P Thus 66 and 74% of
the vanation 1n yields was related to tillering

Rather similar results were obtamned by Shapiro
(1958), who compared superphosphate with amorphous
and crystalline Al and Fe phosphates as sources of P
for rice giown on Chcster loam (limed to pH 67)
Growth and P uptake were Iugher with all sources 1n
flooded than in unflooded so1l However, flooding
mcreased response to Fe phosphate much more than to
Al phosphate The crystalline sources were much less
available than those 1in amorphous form Patrick and
Mahapatra (1968) have recently summarized the ef
fects of flooding on transformations and availability
of soil and fertilizer phosphates
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CONCLUSIONS

Use of a soil very low 1n available P for these ex-
periments made 1t possible to study the effects of vari-
ous fertihzer properties on rice wznch have not been
previously reported Thus, the marked effect of gran
ular water soluble phosphates on tillering and yields
was demonstrated 1n contrast to the poor results with
granular DCP of low water solubility The marked
differences 1n yields with PR sources varying widely
1n solubilitv help to explun the differences 1n results
with PR reported by various nvestigators

The leveling off of the response of rice at Jow rates
of applied P, even on a soil testing very low 1n soluble
P, indicates the necessity of evaluating P fertilizers
for rice at quite low application rates At application
rates normal for upland crops, most P sources may all
supply adequate P for rice Lower rates of applied P
are thus needed on a given so1l for high yields of paddy
rice than are needed for upland grain crops The need
for applied P was further reduced by lming the acid
Mountview so1l

The better iesults with F> phosphates than with
Al phosphates for rice eniph. uze the role of reduc-
tron reactions 1n flooded soils 1n making so1l and fer
tilizer P more available than 1n comparable unflooded
so1ls
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