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DEIERMINATICN OF TEY P,0,~UFTAKE ¥ROM POWDTRED AND GRANULATED SUPERPHOSFHATY
BY MEXT OF P22, by 4. FRUBSTOHPRR (Germany)

The germinating plent darivam 1te phomphorie sald requiraments from the esed, but,

[ when tro formstion of ohlorcrhyll sets 1n, the plant hes to rely upon the phomphoric acld

. extrectsd from the solls Ia view of the inadequate root-formation it im, na yot, diffioult
for the plant to diesolve and asmimilate the rhossphoric aeld fixzed in the moil. Durlng its
early atngom of growth, therefore, the plant has to depend upcn the prere oe of reallly
gcluble fertilimer Palse Later, with a more robust root-system, the phosphorio acld in the
soll oan ba solubilised and apaindloted to 8 groater degrss.

1% the past it wes hardly possibdle to separnte these procuzoses and +o atudy them
Inddvidually, In fertiliser expariments, the total phosphorio acdd wae detormined aftor
karvegting, the incroase in upteake by the fertilimed rlote belng compared with the gquantit
of phosphorig aoid applied. In thosa experimenta the proportion of phosthorie acld dorived
from ferillisers was detarmined; thie rersly excecdsd 15% and usually romained oonslderably
‘balow this flguve. ‘ :

By determining and examining ylelds at sucocessive ategon of growth it ias, howevar,
roseible to follow the upteke of phoaphorie acld, In no inptance, howover, 1o it possible to
escertain the proportion of phosphorio mcld extractsd from the soil or that of the Ps0g
ebsorbed from the fertilimer. ‘

Orly by tho applioation of phosphorus rendersd radio-cotlive by artificlal megna,
has 1t been poesible.to separate and to study more olosely the process of vhosphord c-aold
Tersvilisation with different phoaphptes, with varying degrees of fineness, with different
methods of application and with varylng timon of epplication. In the following, it is
propozed to examing the sffect of gramler suporphosphate ooupared with powdersd super,

It i3 generally accepted that the effeot of a fertiliser salt dependa upon 1ts degrea of
finaness and its dlatribution in the acil. This, no doubt, appiies 4o mdtrogen and potamh.
With phoaphates, however, different laws oome into play. Joluble phearhates tend to produce
homogencus soil solutions by diffusion in the voll and during this process snocunter
subsiarces for which thoy have a promownosd affinity, They aze prooipltated end romain
inscluble thereby reducing their mseimilability by the plent. Water—insoluble fortilimer
phoaphatea, howaver, are gradually aolubllisad by the carbonie acid in the soil amd by the
aald secretions of the roote, tius enabling the plant roots to abeorb the phosphoria apid

btafore the proooss of molutilisetion is reverscd by the soll complexs Weter-soluble phosphatas,

tharefore, are more at a disadvantage than at sn adventege on acld sclls and on soile with a
rrotoumood power of flyation, :
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Auto=radiographs of a fertllised scll profile demonstrate that powdered superphoathate

penetrates into the soll more or less evenly, first with sclubilimed, then with precipltated
phosphate, whilat with gramlated fertiliaera, the phoaphorio wold is prooipltated omly in the
imadiate vieinity of the gramiles., Apart from the portions devoid of fertiliper phosphate,
aooumilations are to be found in the aoll which are tantamount to an sxcessive phosphoria-anid
fertilisetion in the soil atrata under observation., This oxceselve fertilisation provents
the phoaphate « which wae orlginally water-soluble = from becoming insoluble and usoless and

-. “ . ..
L

p ocnparatively large proporticn of the phosphorle acld in theme acoumiletions remaina avuilable

to the roots, Hemoe, tho assimilability of tho phosphoric acid in water~soluble phoephates s
improved by granulation., Matters are different with water=iranluble phosphates. In this cass,
the phoaphate ccmponent remaina in the gramnle, thercby offering too limited a surface to

the watur contgning oarbonio acld and to the plant roote in mesrch of phoephate. The

avallabllity is diminished and for that reason the gramlation of all phosrhates which arae no
wetar-soluble 1a inadmiﬂaible. ‘

Bobarrer end Kithn have demonstrated the effeot of powdered end gramlated superphosphate
in a pot experiment conduoted 1n 1955. Malze wms seleoted me an experimente). orop, the )
phosphorle acld being maried by the radio-aotive lsotopa P32, Fach week the yield of a meize
pot vwas taken and the phosphorlio-ecld uptake determined in the ash. Thus, 1t was possible
to meapure sopurately the uptake of the total phosphoric said and of the fertiliser phosphorio
auid, the latter being ascertoined by memsuring redio-ootive radlation, Although an exaot
eveluation wes impossible owlng to the lack of repeatod nxparimﬂntn the tendancy of the
flguree gives a olear and uniform ploture. The results wore as followst

JYlelds gnd vminke of phoauhoric acid (per pot)

Tield = Total Fertiliﬂar ‘ Rel, -
& o 66‘5 mﬁ 2 ? e
lnt e 6xD6 eutal) powd, 0,23 13.13 3.0 0.14- 0. O3 1loo :
&im g gran. e 30 13,46 &40 0.16° 0.05 166
2nd d.o powd. 320 £+083 19,5 0. 58 L.86 - loo
C@Tal.  2.85 5.75 16.4 0.68  1.94 o4
3rd dvo - powds 5,80 4,58 26,6 0,78 4.52 Loo
gran, 6.15 4.94  Fo.4 0.98 6.03 133
4th de O Pﬂwdt ‘ 1o, BQ Ba 42 36- g . 1.18 ‘ 2.7 1oo
&raN. 12.25 3.6 44.7 = L.76 2.6 170
5th da0 powd. 15,60 3.18 49.6 l.16 18.1 . loo
: gren, 19.10 3.357  64.4 .67 319 176
&th de o powd. 324 2.76  80.4 .21  39.2 loo
| o gren. 30,9 2,96 915 1,70 52.5 134
Tth dao powd, 444, 2,75 121,3 1.24  54.7 1loo
gram, 44.6 2.68 119.5 l.45 64.7 178
8th d.o povd. 5245 2.59 1%6.0 l.68 B6.T loa
ETEAI. 56-8 229 130-1 1-39 T9:.0 159
9th doo POWde 63.% 2.56 162.¢ 118 T4.7 loa

ETEI. To.9 2.497  146.8 lec2 72,3 q7
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V ¥ The results are conclusive in more than one way. It is demonatrated that more than
~ 181f of the total phosphoric acid contained in a plant has been taken up from the soil whilet
- the remainder originated from the fertiliser. In the case of gramular superphosphate, however,

“the proportion of fertiliser phosphoric acid rose to more than Sdf. In these experiments the
- minube quantities of phosphoric acid contained in the seed, which play an important role in
~ the first atage of growth, have been ignored. It was further shown that from the very firet
~ days the uptake and effect of the phosphoric scid of the granular superphosphate exceeded
- that of the powdered super. During the 3rd, 4th and 5th week more than 5d% was teken up

from the granular superphosphate than from the powdered super, snd also during the later
- period of growth, the superiority of the gramilar superphosphate was very pronounced.

' Towards the end of the experimental period an equalization could be cbserved.
Plants had become sufficiently strong to be able to assimilate comparatively large gquantitiss
of phosphoric acid from the scil and from the fixed fertiliser phosphate, a phenomenon which
we had been able to gbserve repeatedly in other experiments, The differences in the outer
appearance of the plants "merge", i.e. the plants which previously had shown an appreciable

 difference in growth appear to be similar in growth. However, those plants which had besn
supplied with larger quantities of phosphoric acid during the early stages of growth bloomed
at an earlier period and showed higher yields., This demonstrated that nourishment during
the early steges had an important bearing on the later periods of growth.

This year we conducted several experiments in our own experimental station with
the radic-active isotope P32, the phosphoric-acid uptake by the living plant being
determined by the method of Scheel. At the time of writing this report, the experiments
are 8till being carried on until harvesting, Only a preliminary report on two experimental

- rowa oan be submitted in the following paragraphs relating to the phosphoric-acid uptake

- from powdered fertilisers mized with the arable soil and from granular superphosphate

applied in bands. Experiments were carried out with four repetitions so that in spite of the « -
sources of error unavoidable when working with isotopes, the mean error could be confined
tc comparatively low limits.

Qates were used as an experimental erop. They were sown on March 2oth on a sandy
soil with a tH figure of 5.5. After germination, from April the 3rd omwards, the
phosphoric-acid uptake was determined twice a week by measuring the radid-activity of
the living plant. Altogether 18 readings wers taken within a period of two months.

The following table (see page 4) was obtained up to June lst:



; Powdered super applied to arable soil Gramlar super applied in bands
+ ; .

=000 SamLace. o rel. 1o lipges g g
3rd/TV " E 0 G Gl 6.28°  1lco I B 305 il an gy
6th/1v 5L5 % 3.3 6645 Aoo i gEe ot 2,82 Gekb
loth/IV 61.5 & ' 2.8 4.25 loo o3 Wy Gl 5:27 . 5a.Y
13th/IV Gt 6,52 loo . 43.8 L+ 1.2 Bolh AR
17th/1V i D, e S 3.92 . loo 5 o G 147 @ - 5ia51
20th/1V Mx92 B 44T loo 86.8 % 3.9 .47 6. 00
244h/1V 229,3 I 10,0 4538 Yoo MVEE X Y0 5.56  86e0l
27th/1V T SRR 2.38 - iop . caMmis Lot 5.76  89s30
1st/V 308.9 £ 4.9 1.59  loo | 345.9 % 19,3 5.57 111,97
Lth /Y A3AIE 2. 8.5 Lo Aoo WG E-aea 3.28 142,06
8th/7 288,82 15.9 4242  loo 5454 £ 35.9 2.92  152.0%
1140V 2.0 L o Bele. loo . pEse Lok g 6.04  154.07
Y 4307 T 35,7 373 %os . BTLE X gz 2:.47  137.36
1Bth/V 369.9 I 4,3 1,18 o8 o ses F s 3.39  147.13
22nd /7 356.5 £ 5.4 168 0 doe Bpmw R gy 2,930 YT
25th/v 365.4 I 26,0 W15 . Qoo - ABT.6E 1ou) 2,21 - 125,22
29th/V 350,83 L == 6,93 1o 48E% L w4 3,20 150,65
1st/VT 314 ¥ 20,5 Bs60  Isn’ M4 2 qns 2,62 132,45

+) Date of measuremsnt

We observe that in the first ecolumm with gfanular auperphosphate the phoaphoric~

acid uptake is at first retarded, attaining the value in the colum with powdered super
only after four wesks. There is no doubt that this phenomenon is due to the application of
the granules in bands by which means the roots of the young plants can only come into
contact with the fertiliser at & later date. Exactly one month after germination, the pots
with granular fertilisers showed better results than the row with powdered superphosphate,
attaining the maximum uptake after six weeks. Then followed a stop in the uptake of
fertiliser phosphoric acid in both rows, resulting even in a regression towards the end,
48 in the experiments deszeribed above, it may be assumed that the robust plants, which

by now filled the entire pot with their root system, solubilised the phosphoric acid

from the s0il and the fized phosphoric scid of the fertiliser in a comparatively high
degree, As the total uptake of phosphoric acid wds hotldetitmined in this experiment

= this presupposes a premature harvesting of the Plant and an examination of the ash - a
comparison was not possible,

SUMMARY

==

: The exporiment conducted by Scharrer and Kilhn, Giessen, and our own experiment
with radic-active P52 demonstrated that the uptake of phosphoric acid from granular
fertilisers was more rapid than from powdered material. During the decisive period of
_growth, the increase in uptake amounted to more than 5db. After two months this
superiority diminished. The difference in the uptake of phosphoric acid was reflected
by & correspondingly greater growth of the plants supplied with gramlar fertilisers,

==
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APPENDIX to PA/152

DETERMINATION OF THE P205—UPTAKE FROM POWDERED AND GRANULATED
SUFERPHOSPHATE BY MEANS OF sz, by A. FRUHSTORFER (GERMANY)
Further details of the experiments show the influence of granulate
guperphosphata broadcast and dletributed into the soll go that we

can Qompare

row 1 prwdered superphosphate dietributed
row 2 granulated supsrphosphate dietributed
row 3 granulated superphosphate layer.

The fractionms of the granulation were as followa:

4 — 5 mm % — 4 mm 2 =% mn 1 -2 mnm
3,5% 14,0% 48 ,7% 33,8%

The following tagble mhowe the figurses of the three test rowa.

Juperphosphate

powdaraed anulated granulated
dletributed iptributed layer

time of 10%0 _ 10Q0 103

test tpmt ) em m%  tpm*lew  m % tpm*)om n
B4, 43,1 + 2,7 6,3 32,2 ¥+ 1,8 5,6 9,8 + O,; g,l
6.4, 51,5 + 3,3 6,4 46,8 F 2,8 6,0 26,0 ¥ O, .7
10.4. 61,5 E 2,6 4,2 56,7 + 5,9 10,4 32,1 + 1,7 5,3
15.4. 92,1 + 6,0 635 ‘ 86,0 T 6,7 7;8 43,8 + 1,2 2,7
17.4. 123,0 + 4,8 3,9 117,11 + 10,0 8,5 63,1 + 0,9 1,4
20.4. 142,3 + 6,7 4,7 156,2 + 7,1 4,5 86,8 + 3,9 4,5
24!4. 229!3 + 10,1 4,4 288'4 i‘ 10,7 3,7 197'2 i 11,0 5’6
27.4. 278,3 ¥ 6,1 2,2 316,0 ¥ 19,2 6,1 248,5 ¥ 14,% 5,8
1.5. 308,9 + 4,9 1,6 37740 + 17,1 4—:8 345,9 + 19,3 546
4,5, 332,6 + 5,7 1,7 478,3 + 38,3 B8, 472,% + 15,5 3,3
E.5. 358,8 + 15,9 4,4 490,8 + 22,1 4,5 ©545,4 + 15,9 2,9
1-1-51- 382'1 1:' 2’7 O;T - - 588’8 E 35,6 6|O
15.5. 420,7 + 15,8 3,8 494,5 + 20,8 4,2 577,8 + 14,3 2,5
18.5.  370,0 ¥ 4,4, 1,2 488,5 ¥ 11,2 2,3 544,53 18,5 3,3
22.5. 356,5 + 5,5 1,5 424,6 1 14,7 3,5 505,3 ¥ 11,3 2,2
25"5' 36514 i 2630 7;1 4—21'8 i’ 2317 5,6 457,6 i 10,1 2,2
29.5. 350,3 + 3,3 0,9 402,7 + 27,3 6,8 458,4 + 14,7 342
1.6. 311,4 + 20,5 6,6 376,2 ¥ 38,1 10,1 412,4 ¥ 10,8 2,6

It can be reoogniged that the upteke from powdered esuperphosphate
im the beat in the first two weekse. From then it im gurpamsged

by row 2t granulated superphcephate whloch remsins guperior till
the end of the sxperiment.

+) transmutations per nminute
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On the other hand, when applied in a lgyer 10 pm deep (row 3) the
uptake ig delayed by 3 weeks and after 5 weeks it 1s abeolutely the
best. The figuress are about 13% higher then in row 2 and up to 50%

higher than in row 1.



Relative figures
powdered superphosphate broadcast = 100

time of granulated granulated ralative
tant broadoeast layer (granulated
broadcast = 100
4. 74,7 22,7 30,4
6.4. 90,9 50,5 55,6
10.4, 92,2 52,2 56,6
13.4. 93,4 47,6 50,5
17.4. 95,2 51,3 53,9
20.4. 109,8 61,0 55,6
24.4, 125 ,8 86,0 68,4
27.4, 113,5 89,3 78,6
l1.5. 122,0 112,0 91,8
4.5, 143,8 142,1 98,8
8.5. 1%6,8 152,0 111,1
11.5. - 154,1 -
15.5. 117,5 137,3 116,8
18,5. 132,0 147,2 | 111,5
22,5, 119,1 141,7 119,0
25.5. 115,4 125,2 108,5
29.5%. 115,0 130,9 113,8

1.6. 120,86 132,4 109,6



