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SUMMAItY
 
A greenhouse pot experiment wtw conducted with paddy rico (Oryza sativa L. var.

'Nato') grown on Mountviow silt loam at its initial low P level and on this soil receivingproplant unlabolled P applications (medium aid high soil P levels). Labelled granular
CSP (concentrated superphosphato) alone, a 2/1 mixture of CSP and DCP (dicalcium
phosphate) and a 1/2 CSP-DOP mixturo were evaluated.

Dry-mnatter yields and tdleriig increased markedly with amolnt of applied P on
the low P soil, and slightly on the medim P soil; there was no response on the high Psoil. Response docreamod with decrease in water solubility of the applied P at the low 
and medium soil P levels. Total uptake of P by rice showed similar trends, oxof pt that
uptake increased significantly with amount of P applied at the miedium soil P level.Percentages of plant P froin the labelled fertilizer and uptake of fertilizer P increased
in all Hituato, .3with amount of applied P, docrensed with docrease in water solubility
of the applied P, and decreased with increase in soil P level. Uptake of soil P in
creased markedly with increase in soil P level. Soil labellig was much let4 satisfactory
than fortilizer labelling for evaluating the offotivonoss of P In different fertilizers.

A solution of labelled CSP was applied in a second expornent at time of trans. 
plaiting and 3 or 6 weeks later. On the low P soil, yields, P uptake and tilloring in
creased with rate of applied P but decreased with later date of application. On themedium P soil, yields, tilleriig and upalto of' P 1-y the grain were rather similar aniong
treatments. Uptake of P in the foliago and matu stiraw, however, increased with laterdate of application. These ieslts indicuto that late-applied P is readily absorbed by
rice but is not effective for increasing yields. 

INTRODUCION solubility were most effective for incroasing tilloring 
and yields of rice. Maximum yields were obtainedInma previous study (Torman &Allen, 1909) rather at much lower rates of applied P than is true forhigh levels of soil P wore fotuid oebontial for rapid mot upland crops. Because of the lower response toearly growth of maize (Zea mays L.), oven though P by padldy rice on most rico soils, very little datarather high applications of soluble P wore imado at have been reported which are satisfactory forplanting. On low P soil with mitc ked yield response evaluatiig P sources fori'rice. Sources varying widelyto applied P, yield of dry forage, total uptake of P in availability for upland crops may all supply,ruptake of furtiizer P wer equally satisfaetory adequate P for rice under conditions oflow respons

for evaluating various labellhd 1'sources. At miidiem to applied P.
0 high soil P levels vith little o'no yield respose Satisfuctory labelling of seine P fertilizers isto applied P,only uptake of fertilizer P was a suit. dflcult, if not imnpossiblo: Friod (1954) evaluatedItblo eriterioii for source ovaluatioi. Granular water. natural rockphosphates in terms of 'A' values basedsoluble P sources provided the most available P on applicatio of a hP.labollod standard source tofor maizo at both low and high soil P levels. the soil. Another method that lhas beei uwd toSatisfactory evaluation of uiilabolld P sour1es evaluate tiilabolled P sources, especially underfor paddy rio was found possible (Tormaia, Allei & coiditions of low yield respone to applied P,is toEngolstad, 1970) only oi soil very low in twid-soluble attempt to label the soil P by addition of carrier-P. In this study gramidar P soiices high in Water fi'o 321? (Hall & Baker, 1967). Results with these 
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indiroet motheds of measuring uptake of P from 
various P sources might be in error if the P sources 
or limited crop capacity to absorb P caused varia-
tion in the utilization of soil P. Crop utilization of 

.soil P usually varies with levels of applied and soil 
P. No results of direct comparison of fertilizer and 
soil labelling wore found in the literature. 

Some doubt seems to exist as to whether all of the 
P fertilizer for rice should be applied before plant-
ing. The best time might depend on soil P level, 

P content of the transplants, amount of applied P 

and other factors. 


Objectives of the present experiments wore: (1) to 

evaluate granular P fertilizers for paddy rice on soil 

varying widely in level of soluble P, (2) to compare 

fertilizer and soil labelling with 11P, and (3) to do-

tormine if fertilizer P applied after transplanting is 

effective for rico production. 


MATERIALS AND METHODS 

Experiment I 

Mountview silt loam, an acid (pH 5-0) infertile 
upland soil (Lawronce County, Tennessee), was used 
for the experiments. To each 5 kg lot of soil/pot the 
following were added 6 weeks before flooding and 
transplanting rice seedlings: low P soil (initial P 
level)-4-0 g of a 2 to 1 mixture of CaCO, and 
MgCO,, 100mg of N as NH4NO3, 300mg ofK as KCI, 
and adequate mioronutrients. Medium P soil--the 
same as for the low P soil plus 200 mg of P as a I to I 
mixture of fine concentrated suporphosphato (CSP) 
and dicaloium phosphate (DCP). High P aoil--the 
same as for the low P soil plus 1000 mg of P as the 
CSP-CDP mixture. After mixing, the soils were 
allowed to react in a moist state in the greenhouse. 
Then 400 g of N as (NH4),80 4 and 400 mg of N as 
urea wore mixoc/pot. Rates of P of 0, 50, 100 and 
200 ag as follows wore also mixed per pot:

Seies 1,labelledP sources.Granular CSP and DCP 
were labelled and the following lots prepared: CSP 
alone, a 2 to 1CSP-DCP mixture and a I to 2 CSP-
DOP mixture. These sources contained 91, 64 and 
.0% of the total P in water-soluble form, re
spectively. Each was premed into tablets, crushed 
and -6+9 mesh granules sieved out. Each lot had 
a specific activity of 0-34 mCi/g of P at time of 
transplanting rice. 

Series 2, labelled soi. A 1750 g lot of soil was 
labelledwith 12-5 mCi of 1P by wetting, mixing and 
drying. Ton g lots of the labelled soil, together with 
unlabolled -6+9 mesh granules of CSP alone, 
2 to 1 CSP-DCP, and I to 2 CSP-DCP, were mixed 
with 5 kg lots of soil. The labelled soil activity was 
equal to that in 200 mg of labelled P applied in 
series 1. 


The soil was then placed in pots and flooded, 

Nato rice plants grown in sand without applied P 
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for 3 weeks wore transplanted the following day 
(21 March 1069). Tit plants wore placed in four 
hills of three plants each. 

The crop was gr( wn uder continuous flooding 
and harvested 9 May at the early heading stage of 
development. After drying, weighing and grinding,
2-0 g samples of the top growth from each pot wore 
briquetted under 20000 p.s.i. and activity counts 
made in a gas.flow beta counter. Total P content of 
the plant samples was then determined by a vana. 
date photometric method. 

For the fertilizer-labelled series, the percentage 
of plant P absorbed from the fertilizer was doter. 
mined as the ratio of the specific activity of plant 
briquettes to that of the P fertilizer standards. 
For the latter, aliquots of fortilizer solution were 
dried with plant material grown without applied P. 
'A' values were calculated according to Fried & 
Dean (1952). For the soil-labelled series, the specific 
activities of plant material grown without applied 
P at each soil P level wore used as the standards. 

Experiment 2 
'Low' and 'medium' P Mountviow soil prepared 

as above was used, and 0, 50 and 100 ag rates of 
lp.bellcd P per pot were compared. On 7 July 199 
the soil was foodod and Nato rice seedlings were 
transplanted as for Exp. 1. For one set of treat. 
mentsasolution of "'P-labolledCSP (spocifloaotivity 
of 0-45mCi/gof P)wasinjectod bymoans of ahypo. 
dermie needle into each pot as follows: (a) into the 
soil at each hill or (b) into the flood water. These UP 
applications wore repeated for other sets of treat
ments 3 and 6 weeks after transplanting. 

A first harvest was made on 10 September (P 
weeks after trnsplanting) at the early heading 
stage. Those foliage samples wore dried, weighed, 
ground, 8P activity assayed, and total P content 
determined, as for Exp. 1. A final harvest of 
mature grain and straw was made on 29 October, 
W6 weeks after transplanting. Yields of dry matter 
and content of total P wore determined, but "2P was 
not determined because of low activity at this tiwe. 

RESULTS AND FASCUSSIOI' 

Experiment 1 
Croprsponse to appliedP. Since rice yields and P 

uptake for corresponding treatr cents wore similar 
with labelled P sources and with labelled soil, only 
results with the labelled P sources are reported in 
Figs. 1-3. 

As shown in Fig. 1, dry-matter yields by rice in. 
creased markedly on the low P soil with amount of 
-%ppliod P and decreased with decrease in water 
solubility (increase in proportion of DCP in the 
granules). On the medium P soil these same trends 
were present but much loss pronouned than at the 
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low soil P level. Treatment effects wore not sigaifl- same trends as wore found for dry matter and 
oantly different on tho high P soil. Mean yields for all tillering. On the modium P soil, however, uptake 
treatments increased with soil P level. Essentially increased signifloantly with rate of applied P. 
the same trends occurred in numbers of viablo Percontngos of tho total plant P absorbed from the 
plants plus tillers (Fig. 2) as for dry-matter yields. labelledPsources(Tablo 1)increased inall situations 
No tillering occurrcd*on the low P soil without with amount of applied P. decreased with decrease 
applied P. in water solubility of the applied P, and decreased 

Total uptake of P (Fig. 1) also showed about the with inoreaso in soil P loyvl, The same trends 

Dry matter IP uptake
HIgh P High P u20 

20 _
 
.30Mdu - 60E
 

10 

~0 50 100 200 0 50 100 200 
, Labelled Papplied (mg/pot) . 

Fig/ 1 fle yields and total P uptake at the early heading stage, as affected by soil P level1 rate and 
saotire of applied P (Exp. 1). 0-, OSP; O--0, 211 OSP-DOP mixture; A-A 1/2 CSP-DCP 
mixture. 

"'be0 I II II i ,I ' II ,I I I I IC
50- LowP Medium P iHihR 

430 
 -v
 

": 20 .. .. ___ __ _ __ _ -_ 

50 100 200 50 100 200 50 100 200, 
Labelled Papplied (mgpot) 

,Fig.' . Numbesof ocPuplanta as rate and sourceplus tillers, affectd by soil P level, of applied P 
CBP;(rapp 1). , 0-0, 2/1 C5BP-DCP mixture; ,12 COP-DOP mixture, , . 
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P"' ______t:,__ -t_ _:"Lo'__, _ _ _ ___--- Medium___iI__P_,__P. ,,_ . ,_
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0 40.
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Fig. 3,.Uptake of fertilizer and soil P by rico at the early heading stage, as affected by soil P level, 
rate and source of applied P (Exp. 1). 0, CBP; 0, 2/1 CBP-DCP mixture; 6, 1/2 CSP-DOP mixture. 

Table 1. Percent~auof plantP abeorbedfrom the fertilizer and 'A' values, a8 affected 
by 8ourcea 2nd ratm of P applied to soil, low, medium, andhigh in aoluble P (Exp. 1) 

Plant P from for' ilizer (%)
 
Amount - A- 'A' values
 

P applied of P Labelled fertilizer Labelled soil (mg P/pot)*
 
at time of applied A - A----- • A
 

transplanting (mg/pot) Low Mod. High Low Mod. High Low Med. High
 

08P alone 50 68 27 i 57 11 7 24 135 783 
100 83 45 12 77 88 25 20 122 733 
200 92 60 18 81 45 .31, 17 133 911 

OBP-DOP, 11 50 59 20 4 51 8 18 35 200 1200 
100 74 34 8 01 13 19 35 194 1150 
200 78 a3 14 70 30 30 56 177 1228 

08P-DOP, 1/2 60 52 14 3 38 - ' 24 46 307 1617 
100 07 23 5 43 -2 23 49 835 1900 
200 76 41 9 69 -4 20 63 Li8 2020 

* These values were determined from pereentagea of the plant P from the fertilizer in the fertilizer.labelled series. 

occurred with uptake of fertilizer P (Fig. 3). Uptake Soi v. P source labelling. Table 1 shows a eom

of soil P increased markedly with increase in soil P parison of percent-ages of the plant P derived from 

level, and decreased slightly with increase in rao of the fertilizers, an determined with fertilizor labelling 

applied P and with doereaso in water solubility and with soil labelling with carrier-freo 81P. Values 

of the applied P. obtained with the labelled fertilizers show the usual 

In pro vious oxpernnents with maize and wheat incrmo with amount of applied P, decrease with 

(Triticum ac8titnim), uptake of soil P usually in- docreaso in water solubility of the P, and doorease 

creased with increase in amount of applied P when- with increase in soil P level (Termnan & Allen, 1909). 
ever there was a yield response (Torman & Khasaw- On the low P soil the corresponding values obtained 
nch, 1968). For umknown reasons, this did not,o ur with soil labelling are lower, hut relative differenco 
in the present experiment. As in other labelled are similar among sournes. Valutes obtained with soil 

P experiments with maize (Terman &Allen, 1969), labelling are amto lower for th(, medium P soil, but 
only the uptake of fertilizer P was satisfactory for with the 1/2 CSP-DCP ratio, negative values for P 
evaluating P sources at high soil P levols. from the fertilizer were obtained with soi; !,nbolling. 
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At the high soil P level, higher percentages weore lizer-labollod series). The A values (Table 1) usually 
obtainod with soil than with fertilizer labelling. increase somewhat with amount of applied p and 

No conchuivo explanation for those apparent'dis. markedly with dooreaso in water solubility of the 
orepanoies is obvious, but there may be varying appliedP. Although thoAvalues are in terms of each 
effoots at different Boil P levels of the applied P on P source, they do seem to indicate varying degrees
plant uptake of soil.labolld P. Varying degrees of of isotopic exohange, which result in %nrealistioA 
inotopio exchange or equilibration between applied values obtained with the lss.solublo sources. Un
md soil P may also be involved. This is indicated realistically high effeotiveness values for phosphate 
by the calculated A values (obtained from the ferti. rookestimated from soil lalellingdata wore reported 

Dry matter TIllering 100 Puptake 

- Low P 
--- Medium P 

60 ----.. 40 - 5 '4' 

15, -1
-W'415 I I so-I 

0 so 100 0 so 100 0 0 100 
Labelled P applied (mg/pot) 

Fig. 4. Rice yields, tillering and total P uptake at the early heading stage,'aa affected by soil P level, 
rate, and time of applied P (Exp. 2). 0, At planting; 0, 3 weeks later; A, 6 weeks later. 

L" )ry matter P uptake
Low P Medium P Low P Midlum P

Grain+ so0 
90 ra 80 Gin 

Grain+ 
8.70s o ostraw 

Straw 

5 - 0 . 40 
a. Straw 

O~Gral 

30 _Grain 20 

'io' 00 50 1100 s0o 10 0 50 100 S0' 10 
Labled Papplied (mg/pot) 

Fig, 6. Mature rioe yields and total P uptake as affected by soil P level, rate, and time of applied P 
(Exp. 2). 0-0, At planting; 0-0 8 weeks later; A-A, 6 weeks later. 
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Tal2 	 ptake offertilizer anid suit P by rice at the early heading stage, 
as q#ected by rate and time of application(Exp. 2) 

Uptake of P (mg/pot) , " 

P LowP Mod,P 
. Time of applied A 'A 

application (mg/pot) Fort. Soil Total Fort. Soil Total 
At transplanting 50 14 30 44 14 62 76 

100 389 28 67 88 00 - 93 
Sweoks later 50 14 21 35 _20 03, 83 

o100, s 25 61 89' 57. 98 
6wrcl.lAter 80 7 15 22 28 61 84 

100, 19 "',15. 84 37 64 101 
NoP 0' 

.. D. 5 %level 

by Mattingly & Widdowson (1956) for some soil-
crop situatiua. 

Experiment 2 

During injection of32P solution into the soil it was 
found that, beoanso the soil was already saturated 
by water, some of the solution flowed out of the soil 
into the flood water. Sinoc the results with injection 
into the soil and into the water wore similar, 
averages for the two placements aregiven inFigs. 4 
and 5. 

At the early heading stage on the low P soil, yields 
of dry foliage, tilioring and total uptake of P (Fig. 4) 
all increased with rate of applied P but decreased 
with later date of application. On the medium 
soil, dry matter and tallering also decreased but 
total P uptake increased with later date of applioa. 
tion. 

Uptake of fertilizer P (Table 2) was essentially 
linear with amnount of labelled P applied at both soil 
P levels. It was lower with later date of application 
on the low P soil but higher on the medium P 

1 16 - 64 64
 

5 7 a 8 7
 

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 increased on the low P soil with rate of 
applied P and decreased with later application. 
Grain yields and P uptake in the grain on the 
medium P soil wore not appreciably affected by 
rate or date ofapplied P. Straw yields wore affocted 
only slightly. Uptake of P in the mature straw in. 
oreased with both rate of applied P and later date of 
application. 

rheso results indioate that P applied 3 and 8 
weeks after transplanting was readily absorbed by 
the crop but was not effective for increasing yields 
of grain and straw. 

The Ile"labelled fertilizers for this study were 
prepared by G.A. Wioozorek, Tonnessee Valley 
Authority, by methods described by Wieozorek & 
Breen (1904). 
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