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SUMMARY

A greonhouse pot exporitnont was condusted with paddy rivo (Oryza sativa L. var.

* ‘Nato') grown on Mountview silt lonin at its imtial low I’ lovel and on this soil recoiving

preplant unlabolled P applications (medinn and lugh soil P luvels). Labolled granular

CBP (concentrated superphosphate) alone, a 2/1 mixture of CSP and DCP (dicaloiun
phosphate) und a 1/2 C8P-DCP mixture wore ovaluated.

Dry-matter yields and tilloring merensud warkedly with amount of applied P on
the low P soil, and shghtly on the medium P soil; there was no response on the high P
soil, Rusponso deorcused with deeronss in water solubility of tho apphed P at the low
and medium soil P lovols, Total uptuke of I by rice showed sunilar tronds, excr pt that
uptake increased sigmficantly with amount of P applied at the moedium soil P level.

Porcontagos of plant P from tho lnbolled fortilizer and uptake of furtilizer P increased
in all situatio: a with amount of applied P, deoreased with dvorease in water solubility
of the applied P, and dooreused with morcase m sol P lovel. Uptuko of soil P in-
oreased markedly with increaso 1n soil P lovel, Soil Inbelling was much less satisfactory
than fortilizor lubelling for vvaluating tho offectivoness of P m dufferent fortilizors,

A solution of labelled CSP was apphed m a socond experunent at timo of trans.
planting und 3 or 6 wouks lator. On the low P soil, yields, P uptako and tillering in-
oroused with rate of applicd P but decreased with lator dato of application. On the
medium P soil, yiolds, tillering and uptake of P Ly tho grain wero ruthor similar among
troutments. Uptako of P in the foliago und mature straw, howover, inoreased with lator
dato of applivation, Theso 1esults ndicato thut luto-upplicd P is readily absorbed by

rico but is not effestive for inproasing yiolds.

INTRODUCTION

Ina provious study (Terman & Allen, 1968) rathor
" high levele of soil P were found cusontial for rapid
early growth of maize (Zea mays L.), oven though
rather high applieations of soluble P were made at
plauting. On low P soil with nuuked yiold PesPOnse
to applied P, yiold of dry forago, total uptuke of P
"ar uptake of fortilizer P wero squally satisfuctory
for evaluating various lubollod P sources, At wedunm
“vo high soil 2 lovels with littls or no yiold response
to appliod P, only uptake of fortilizer P wus o suit-
nble eriterion for sourse evaluution. Granular water-
soluble P sourves provided tho most availublo 1P
tor mazo ut Loth low and high soll P lovols,
Satisfactory ovaluation of unlubelled P sourses
for paddy riwe wus found possiblo (Terman, Allon &
Engolstad, 1870) only on soil very low in unid-solublo
P. In this study greaulur P sourees high in wator

solubility were most offuctive for increasing tillering
and yiolds of rice. Muximum yiolds were obtained
at much lower rates of applied P than 1 true for
most upland crops. Because of the lower rosponse to
P by paddy rico on most rice soils, very little data
have buen reportod which aro satistactory for
ovaluating I sources for rice. Sourcvs varying widely
in availability for uplund crops may all supply
adoquute P for rico undor couditiuns of low response
to applied P,

Satisfuctory lubolling of somo P fortilizors is
diffioult, if not unpossible! Fried (1954) ovaluatod
nutural rock phusphutes in torms of *A ' values based
on application of a ¥P-lubolled stundard sourco to
tho suil, Anothor methed thut has been ussd to
ovaluate unlabolled P sources, especially undor
conchitions of low yiold responuo to applied B, is to
attempt to labol the soil P by addition of carrier-
froo 31 (Hall & Bukor, 1067). Results with these
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indiroot mothcds of measuring uptako of P from
various P souroea might bo in orror if the P sources
or limited orop capacity to absorb P causod varia-
tion in the utilization of soil P. Crop utilization of
. .80il P usualy varice with lovels of applied and soil
P. No results of direot comparison of fortihzor and
soil labelling wore found in thoe literaturo,

Somo doubt seoms to exist as to whether all of the
P fortilizer for rico should be apphod before plant-
ing. The best time might dopond on soil P level,
P oontent of the transplants, amount of applied P
and other faotors.

Objectives of tho present nxperiments wore: (1) to
evaluate granular P fertilizors for paddy rice on soil
varying widoly in level of soluble P, (2) to compare
fertilizer and soil labelling with **P, and (3) to de-
termino if fertilizer P applied aftor transplanting is
offective for rico production.

MATERIALS AND METHODS

Experiment 1

Mountview silt loam, an acid (pH 5-0) infortilo
upland soil (Lawrenae County, Tennesses), waa used
for the experimonts. 'To each 5 kg lot of soil/pot the
following were added 6 v;evks before flooding and
transplanting rico scedtings: low P soil (initial P
level}—4-0 g of & 2 to 1 mixture of CaCQO, and
MgCO,, 100mg of N as NH,NO,, 300 mg of K as KCl,
and adequate mioronntrionts. Medium P soil—the
samo as for the low P soil plus 200 mgof Pasa lto 1
mixture of fine concentrated superphosphato (C8P)
and dicaloium phosphate (DCP). High P soil—the
same a8 for the low P soil plus 1000 mg of P as the
C8P-CDP mixture. After mixing, tho soils were
allowed to react in a moist stato in the greonhouse.
Then 400 g of N as (NH,),80, and 400 mg of N as
urea were mixoa/pot. Ratos of P of 0, 50, 100 and
200 mg as follows wore also mixed per pot:

Series 1, labelled P sources. Granular CSP and DCP
were labelled and the following lots propared: CSP
alone, a 2 to 1 CBP-DCP mixture and a 1 to 2 CSP-
DOP mixture. Those sources oontained 91, 64 and
. 8309% of tho total P in wator-soluble form, re-
apootively. Each was prossod into tablets, erushed
and — 6+ 9 mosh granules sioved out. Each lot had
a spooifio activity of 0-34 mCi/g of P at time of
transplanting rice.

Series 2, labelled soil. A 1760 g lot of soil was
labelled with 12:5 mCi of P by wotting, mixing and
drying. Ten g lots of tho labelled soil, togother with
unlabolled —8+49 moesh granules of C8P alone,
2 to 1 C8P-DCP, and 1 to 2 CBP-DCP, wore mixed
with 8 kg lots of soil. The labellod soil activity was
equal to that in 200 mg of labelled P applied in
sories 1.

The suil was then placed n pots and floodod.

Nato rive plants grown in sand without applied P

G. L. TErMAN AND 8. E. ALLEN

for 3 wocks woro transplanted the following day
(21 March 1969). Tho plants wore placed in four
hills of threo plants onch.

The crop was gr« wn under continuous flooding
and harvestod 9 May at the oarly heading stago of
dovolopinent. Aftor drymng, weighing and grinding,
2:0 g samples of the top growth from cach pot wore
briquetted undor 20000 p.s.1. and activity counts
made in a gas-flow heta countor. Total P contont of
tho plant ssmples was thon dotormined by a vana-

" date photomotrio mothod.

For the fortilizor-labolled series, tho percontage
of plant P absorbed from tho fertilizer was doter-
mined as tho ratio of tho spocifie activity of plant
briquettes to that of tho P Zortilizor standards,
For tho latter, afiquots of lertilizor solution were
dried with plant matorial grown without applied P,
‘A’ values were caloulatod according to Fried &
Dean (1862). For thoe soil-labolled serics, tho speoifio
activities of plant material grown without applied
P at each soil P lovel were used as the standards,

Experiment 2

‘Low’ and ‘modium’ P Mountview soil prepared
as above was used, und 0, 50 and 100 mg rates of
Iebelled P per pot wore compared. On 7 July 1869
the soil was flooded and Nato rico scedlings were
transplanted as for Exp. 1. For one sot of troat-
mentsasolution of 2*P-labolled C8P (spocifioactivity
of 0-46 mCi/g of P) waainjootod by means of a hypo-.
dormio needle into each pot as follows: (a) into the
soil at each hill or (b) into the flood weter. Theso P
applioations woro ropoated for other sota of treat-
menta 3 and 6 weoks after transplanting.

A first harvest was mado on 10 Septomber (8
weoks after transplanting) at the early heading
stago. These foliago samples wore dried, weighed,
ground, 3P aotivity assayed, anc total P content
dotermined, as for Exp. 1. A final harvest of
mature grain and straw was mado on 20 Qotober,
18 wooka after traneplanting. Yields of dry matter
and ocontent of total P were dotermined, but **P was
not determined bocauso of low aotivity at this tinve,

RESULTS AND £I8CUSSION

Bzperiment 1

Crop response to applied P. 8inoe rice yields and P
uptako for corresponding treatraonts were similar
with labelled P souroes and with labolled eoil, only
resulta with the labelled P sources are reported in
Figs. 1-3.

As shown in Fig. 1, dry-matter yields by rice in-
creasod 1markedly on tho low P soil with amount of
~pplicd P and dooreased with deorease in water
solubility (inorease in proportion of DOP in the
granwlos), On the medium P goil theso samo trends
were presont but much less pronouncod than at the
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low soil P levol. Treatmont offects woro not sigaifi-
oantly difforont on tho high P aoil. Mean yiolds for all
treatmonts incrensed with soil P lovol, Essontially
the samo tronds ocourred in numbors of viable
plants plus tillers (Fig. 2) aa for dry-mattor yiolds.
No tillering ocourred’ on tho low P soil without
applied P,

Total uptake of P (Fig, 1) also showed about the

649

samno trends as wore found for dry matter and
tilloring. On tho moedium P soil, howover, uptake
inorensed signifioantly with rate of applied P,
Poroentagos of tho total plant P absorbod from the
labelled Peources(Table 1) inoreased inall situations
with amount of appliod P, dooroased with deorease
in wator solubility of tho applied P, and deoroased
with increase in aoil P level. Tho sarre trends
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Table 1, Percentages of plant P absorbed from the fertilizer and ‘A’ values, as affected
" by sources and rates of P applied to soil, low, medium, and high in aoluble P (Exp. 1)

Plant P from for'slizer (%)

Amount ~ A ‘A’ values

P applied of P Labelled fertilizer Labelled soil (mg P/pot)*
at time of applied A N~ . - - A \
transplanting (mngfpot) Low  Med. Migh Low  Med. High Low Med. High
OBP alone 80 68 27 (] 67 11 1 24 135 788
o 100 83 48 12 ki 3 - 25 20 122 138
200 02 60 18 81 48 81 . .17 133 011
O8P-DCP, 2/1 50 50 20 4 51 8 18 3s 200 1200
- ' ' 100 4 84 8 01 13 19 35 104 1180
R 200 18 &3 14 70 30 30 &6 177 1228
OSP-DOP, 1/2 80 82 14 3 38 -8 24 ° 7 48 307 1617
Ly e 100 07 23 5 43 -2 23 49 838 1900
i v 200 76 41 9 69 ~4 20 63 LJ8 2020

.

* These values were detormined from percentages of the plant P from the fortilizor in tho fertilizer-labellod series.

ocourred with uptake of fortilizer P (Fig. 3). Uptake
of soil P inoreased markedly with incroase in soil P
level, and decreased slightly with inoreaso in rafo of
applicd P and with doorcase in wator solubility
of tho applied P.

In provious oxperimonts with maizo and whoat
(Triticum aestivum), uptako of soil P usually in-
oreasod with inoreaso 1n amount of applied P whon-
ever thoro was a yiold responso (Terman & Khasaw-
neh, 1968). For unknown reasons, thia did not ocour
in tho presont oxporimnont. As in othor labellod
P experimonts with maize (Terman & Allon, 1869),
unly the uptako of fortilizer P wes satisfactory for
evaluating P souroes at high soil P lewls,

Soil v. P source labelling. Table 1 shows a com-
parivon of porcontages of the plant P derived from
the fertilizors, as determined with fertilizer labolling
and with soil labelling with carrier-froe 8P, Values
obtained with tho labelled fertilizers show the usual
inoronae with amount of appliod P, decroase with
lucrense in wator solubility of the P, and deoroase
with incronso in soil P level (Terman & Allen, 1909).
On tho low P soil the corresponding values obtained
with soil labolling are lower, but relative difforonoes
aro suntlar among sournes, Valnes obtained with soil
laboelling aro siso lower for the medwn P soil, but
with tho 1/2 CS8P-DCP ratio, nogative values for P
from tho fortilizor wore obtained with goii Inbelling.
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At tho high soil P lovel, higher pereentages were
obtained with soil than with fortilizor labelling,

No conolusivo oxplanation for thoso apparent dia-
orepancios is obvious, but thero may be varying
offoots at differont soil P levols of the applied P on
plant uptake of soil-labolled P. Varying dogrees of
inotopic exchango or equilibration betwoen applied
and soil P may also bo involved. This is indicated
by the ocaloulated A values (obtained from the ferti-

661

lizer-labelled serics). Tho A values (Table 1) uaually
inoronso somowhat with amount of applied P and
markedly with doorease in wator solubility of the
applied P. Although the A values aro in torma of each
P sourgoe, thoy do scom to indicate varying dogrecs
of isotopic exchange, which result in unrealistic A
values obtained with tho less-soluble sources. Un-
realistioally high effectivoness values for phosphate
rook estimatod from soil labelling data wore reported
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' Fig. 4. Rioe yields, tillering and total P uptake at the early heading stago, as affected by soil P level
R rate. and time of applied P (Exp. 2). @, At planting; O, 3 weeks later; A, 6 weeks later,
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Tu.ble 2. Uptaka oj jemluer and soil P by rice at the early headmg a‘!aga. ‘

[T

as affected by rate and time of application (Exp. 2) L

L Uptako of P (mgfpat) .. o,
(ST B A s A ~ ' ]
, . P Low P Mod, P ...
P ,Time‘of BPP“"d [4 - - 7 ey ™
.+, application (mg/pot) Fert. Boil  Total Fert. Boil ,Total ., ,
At transplanting 60 14 80 44 14 62 76
. 100 39 28 67 8 . 60 - 98
8 wooks lator 50 14 2 88, 20 68 83
- © 100, 38 25 ol 8, . 587, 96
6 Weels later 50 T .18 22 28 6L 84
: 000 19 .08 ¢ 84 87 6 ' 101
NoP 0 - R 64 ' 64
1.8.D. 89 lovel —_ 8 5 7 8 6 . 1

by Mattingly & Widdowson (1966) for some soil-
orop situativas. Experiment 2

During injection of 3P golution into the soil it was
found that, beouuso the soil was already saturated
by water, some of the solution flowed out of the soil
into the flood water. Sincc the results with injection
into the soil and mto the water wore similar,
averagos for the two placeinents are given in Figs. 4
and 6.

At the early hvading stage on the low P soil, yields
of dry foliage, tillering and total uptake of P (Fig. 4)
all inoroased with rate of applied P but decressed
with lator date of application. On the medium ~
goil, dry matter and tillering also decreased but
total P uptake increased with later date of applica-
tion.

Uptuke of fortilizer P (Tuble 2) was vssentially
linear with amnount of lubelled P applied at both soil
P levols. It was lowor with later date of apphication
on the low P soil but higher on the medium P

soil. Uptake of soil P was much higher from the
medium P soil,

Yields and P uptake by mature grain and straw
(Fig. 5) also noreased on the low P soil with rato of
applied P and decreased with later application.
Qrain yiolds and P uptake in tho grain on the
medium P soil were not appreciably affected by
rato or date of applied P. Straw yields were affected
only shightly. Uptako of P in tho mature straw in-
crensod with both rate of applied P and later date of
application.

Theso resulta ndicate that P epplied 3 and 6
woeks aftor transplanting was madxly absorbed by
tho orop but was not effeotive for inoreasing yields
of grain and straw.

The 32" labelled fertilizors for this study wero
prepared by G. A. Wieozorek, Tennessee Valley
Authority, by methods described by Wieozorek &
Breen (1964).
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