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The ability of plants to feed on rock phosphate has been studied since the last
century. Prianischnikow (24) emphasized the fact that there are, in this respect,
great differences between various plant groups. He stated that phosphorus in rock
phosphate is almost unavailable for cereals, whereas some legumes, buckwheat,
and mustard are able to utilize it even on non-acid soils and without the aid of
physiologically acid nitrogen fertilizers. Truog (31) proposed that the ability of
plants to use phosphorus from rock phosphate is related to their requirement of
calcium, and, only in acid soils, it is possible for plants of a low calcium content
to feed more advantageously on rock phosphate. Results reported by several authors
mainly corroborate these claims (2, 5,7, 11, 21, 33 etc.).

A great deal of attention has been paid to the factors affecting the dissolution
of rock phosphate phosphorus in soils. In general, there is no divergence in opinion
on the better effect of rock phosphate on soils with a low content of lime than
on soils rich in lime. Recently, Ulrich (32) in his theoretical discussion on the
efficiency of rock phosphate enumerates the following factors which may enhance
the availability of this fertilizer in soils with an acidity from pH 5.5 to pH 6.5.
They are a high humus content, adequate moisture, and high metabolic activity
of the rhizosphere with a consequent high rate of carbon dioxide production and
mildly reducing conditions. Owing to these factors, it is likely that rock phosphates
are more effective in grassland than in arable soils.

The results of field trials and pot experiments in which the phosphorus effect
of rock phosphate has been compared to that of other phosphorus fertilizers, often
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show marked divergences. In addition to several other factors, this may be due
to the large variation in the quality of rock phosphates used in the trials. Their
softness, content of fluorine, and fineness are characteristics on which their value
as a phosphorus fertilizer is likely to depend, although this dependence is not
always quite consistent (1, 12, 15, 22, 25). The rock phosphate mainly used in Fin-
land since the war, is the so-called Hyperphosphate Reno, an extremely finely
ground (90 % will pass the screen with meshes of 0.05 mm) soft North African
phosphate.

According to the average results of field trials in Finland, somewhat more
than twice as much phosphorus in hyperphosphate as in superphosphate is needed
to produce an equal increase in the yields, even in trials of long duration (27, 10).
Also in Swedish trials hyperphosphate was found to be inferior to superphosphate
in most cases (9). Only exceptionally, hyperphosphate has shown the same effi-
ciency as superphosphate (9, 12, 13, 19).

In most cases, the availability of hyperphosphate and superphosphate are
compared only on the basis of the increases in the yield of dry matter. This, however,
is not enough. Dickman and DcTurk (1940) e.g. emphasize that also »P uptake
must be determined and the percentage of P in tissues considered before any general
conclusions regarding P fertility can be drawn». The results of a previous study
(18) indicate that this is necessary when the effect of hyperphosphate is in question:
in an acid fen peat soil in Leteensuo Experiment Station the annual surface dressing
with 200 kg/ha of superphosphate or 260 kg/ha of hyperphosphate produced equal
yields of hay, but the phosphorus content of the hyperphosphate hay was only
about 65—70 per cent of that of the superphosphate hay.

Since these observations seemed to be of importance, particularly as regards
the fodder production, further study was considered necessary. This was possible
to carry out when hay samples from two field trials in Central Finland were available
in the summer 1959. The results of these analyses are reported in the present paper.

The field trials
The two field trials were started in 1954 according to the same experimental

layout:
1. No phosphate
2. Superphosphate 200 kg/ha annually
3. Hyperphosphate Reno in quantities corresponding to the amount of phos-

phorus in superphosphate
The hyperphosphate was applied annually to the cereals and as a store dressing
to the nurse crop for the three ley-years.

According to the commercial analyses the superphosphate contained citrate-
soluble P 205 from 18 to 19 per cent, and the total amount of P 205 in the hyper-
phosphate varied from 28 to 30 per cent.

As a basal dressing 100 kg/ha of 50 % potash fertilizer and 100 kg/ha of nitro-
chalk were applied annually. Only the nurse crop was left without a nitrogen treat-
ment.
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The total area of the experimental plots was 50 m 2. The treatments were in
randomized blocks replicated four times.

The experimental crops in the trial K 104 were wheat, oats, oats, and three
years of red clover-timothy ley, those in the trial K 105 were oats, barley, oats, and
three years of red clover-timothy ley.

The soils of these field trials are characterized by the analytical results reported
in Table 1. The soil samples were collected in 1954 before the experiments were
started.

Table 1. Soils of the field trials

K 104 K LO5
Soil fine sand humus soil

pH H o 5.5 6.0

PHrcl 46 5.3
Org. C % 3.4 12.0
Exchangeable Ca ppm 1170 3520

» Mg ppm 110 380
» K ppm 100 220

Fe soluble in 0.1 N HCI, ppm 420 540
A 1 * » ppm 1060 1630
Ha O-soluble P ppm 4 5
P soluble in 0.03 N NH,F + 0.25 N HCI, ppm 16 18
P —» 0.5 N acetic acid, ppm 9 30
P - » - 0.1 N HCI, ppm 168 287
»Exchangeable P» ppm 124 131
P »in soil solution» mg/1 0.33 0.37
Indicator of the sorption capacity of P 188 204

The fine sand soil of experiment K 104 is distinctly more acid than the humus
soil of trial K 105. The latter also appears to be richer in exchangeable calcium,
magnesium, and potassium as well as in acid-soluble iron and aluminum, when
these data are expressed on the weight basis. The various test values for phos-
phorus seem to indicate that in the humus soil of K 105 calcium dominates whereas
in the more acid fine sand soil of K 104 aluminum and iron probably determine
tha availability and retention of phosphate. This may be concluded from the facts
that the acid soluble phosphorus is markedly higher in the humus soil than in the
mineral soil, but the data obtained by the methods of Bray and Kurtz (3) and
Teräsvuori (28) are almost equal for the two soils. The phosphorus condition in
the soil of trial K 105 is apparently somewhat better that in the soil of trialK 104.

In the first two experimental years the cereals in trial K 104 responded to
superphosphate but hyperphosphate did not increase their yields. In trial K 105
no effect of the phosphate treatments could be detected. The total yields for four
subsequent years including the nurse crop and the three harvests from the red clover-
timothy ley were the following, expressed as feed units per hectars and as relative
numbers:



Treatment K 104 K 105
f.u./ha rel. f.u./ha rel.

No phosphate 9210 100 13280 100
Superphosphate 10450 113 14420 109
Hyperphosphate 10430 113 14050 106

L.S.D. 5 % 330 520

Thus, in both trials there is a distinct response to the phosphate treatments,
but no significant difference exists between the effects of superphosphate and
hyperphosphate on the total yields.

Analyses of hay samples

Owing to the fact that a store dressing of hyperphosphate had to be used
for the ley in order to avoid the abnormal application of this fertilizer as a surface
dressing, first in the sixth year the total amounts of superphosphate phosphorus
and hyperphosphate phosphorus applied to the soils were again equal. Therefore
the hay yields of the third ley-year were taken as the object of a more detailed study.
Hay samples were analysed separately from each plot.

The data reported in Table 2 show that in experiment K 104 the hay yields
harvested from the plots treated with the two phosphate fertilizers were equal
and significantly higher than that from the untreated plots. No statistically signifi-
cant differences exist between the hay yields from the various treatments in experi-
ment K 105.

In trial K 104, the content of red clover in the hay was not high, and there
were no differences between the variously treated plots in this respect. In experi-

Table 2. Hay yield in 1959

Treatment Dry matter Per cent P in yield
o£

kg/ha clover g/kg kg/ha

Experiment K 104

No phosphate 3960 11 1.47 5.8
Superphosphate 4900 16 2.06 10.1
Hyperphosphate Reno 4850 14 1.66 8.1

L.S.D. 5 % 200 8 0.16 0.6

Experiment K 105
No phosphate 5880 5 1.57 9.2
Superphosphate 6120 2 2.07 12.7
Hyperphosphate Reno 6070 7 1.67 10.1

L.S.D. 5 % 770 4 0.28 2.3
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ment K 105, there is even less clover, and it is questionable whether any signifi-
cance has to be given to the somewhat higher content of clover in the hyperphos-
phate hay as compared to that in the superphosphate hay.

The most interesting figures in this table are those expressing the total content
of phosphorus in the hay. While the treatment of superphosphate has increased
the phosphorus content by about 30 to 40 per cent, or from 1.47 and 1.57 g/kg to
about 2.1 g/kg, the increase produced by hyperphosphate dressing is not much
more than 10 per cent in trial K 104 and insignificant in trial K 105. Also the total
amounts of phosphorus in the harvested hay yields are in both of the trials markedly
lower in the hyperphosphate hay than in the superphosphate hay.

In order to test whether there are any differences in the ability of the various
ley plants to use superphosphate and hyperphosphate, the samples of red clover
and the grasses were analyzed separately. The grasses consisted almost exclusively
of timothy.

Table 3. Phosphorus content of red clover and grasses in the hay

Experiment K 104 Experiment K 105
Treatment P g/kg P g/kg

clover grasses clover grasses

No phosphate 1.73 1.44 1.76 1.56
Superphosphate 2.04 2.07 (2.40)* 2.07
Hyperphosphate Reno 2.03 1.60 2.04 1.64

L.S.D. 5 % 0.14 O.U 0.50 - 0.30

• An average for two replicate plots only

The data in Table 3 corroborate the opinion that the legumes are, in general,
better feeders on rock phosphate than are the graminaceous plants. In experiment
K 104, the phosphorus content of clover is equal in the hay produced by super-
phosphate and in that produced by hyperphosphate. Owing to the very low clover
content in the hay from trial K 105, the analytical data for clover in this experiment
are less reliable. On the other hand, the figures for the phosphorus content of timothy
in both trials quite distinctly show that this plant was not able to take up phos-
phorus from hyperphosphate even approximately as well as from superphosphate.

The phosphorus economy of the ley plants was further studied by performing
a simple fractionation of the phosphorus (17). Unfortunately, samples of clover
from trial K 105 were no longer available for this analysis. The phosphorus frac-
tions are expressed by the figures in Table 4.

The effect of the phosphate treatments may be detected almost exclusively
in the fraction of inorganic phosphorus soluble in 0.5 N hydrochloric acid. In all
the samples the amount of phosphorus extracted by boiling ethanol was very low
and equal for all the treatments. The phosphorus in the acid-insoluble residue,
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Table 4. Phosphorus fractions in the plants
(Expressed as P g/kg)

ab cd
P in Inorg. P Org. P P

Plant and treatment ethanol soluble in soluble in insoluble a+c+d
extract 0.5 N HCI 0.5 N HCI in 0.5 N HCI

Experiment K 104
Red clover

No phosphate 0.04 0.82 0.29 0.59 0.92
Superphosphate 0.04 1.06 0.32 0.60 0.96
Hyperphosphate 0.04 1.01 0.33 0.61 0.97

Grasses
No phosphate 0.04 0.79 0.30 0.34 0.68
Superphosphate 0.05 1.30 0.37 0.37 0.79
Hyperphosphate 0.05 0,94 0.32 0.34 0.71

L.S.D. 5 % 0.005 0.06 0.07 0.05 0.09

Experiment K 105
Grasses

No phosphate 0.06 0,81 0.17 0.49 0.72
Superphosphate 0.07 1,15 0.21 0.50 0.78
Hyperphosphate 0.06 0.81 0.16 0.50 0.72

L.S.D. 5 % 0.01 0.13 0.03 0.08 0.08

although higher for red clover than timothy, did not show any divergence due to
the treatment. In the fraction of acid-soluble organic phosphorus a very slight
tendency towards a higher value in the grasses from the superphosphate plots
may be observed. The sum of phosphorus in the three fractions which mostly
represent organic phosphorus compounds is equal for the variously treated red
clover samples and timothy samples, respectively. Thus the differences in the
content of total phosphorus of these plants are due to an accumulation of inorganic
phosphorus or phosphorus determined as inorganic in this fractionation procedure.
This result is in accordance with the earlier observation (18).

It would be of interest to find out whether a higher content of phosphorus in
the cells has exerted any effect on the other constituents of the plants. The hay
samples were analysed for their contents of ash, calcium, potassium, and nitrogen.
The results recorded in Table 5 only indicate the typical difference between the red
clover and timothy in their content of ash, calcium, and nitrogen, but no effect
of the various treatments may be found.

Discussion

In the field trial at Leteensuo Experiment Station (18) on account of which
the present study was carried out, the amount of phosphorus needed to give the
same increase in yield was twice as high in the hyperphosphate as in the super-
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Table 5. The content of ash, calcium, potassium, and total nitrogen in the ley plants

Plant and treatment Ash % Ca % K % N %

Experiment K 104
Red clover

No phosphate 7.0 1.72 1,63 2.42
Superphosphate 7.6 1.62 1.65 2.46
Hyperphosphate 7.6 1.65 1.85 2.49

Grasses
No phosphate 4.8 0.51 1.61 1.11
Superphosphate 4.8 0.51 1.56 1.20
Hyperphosphate 4.9 0.46 1.54 1.17

L.S.D 5 % 0.9 0.05 0.34 0.17

Experiment K 105
Grasses

No phosphate 4.4 0.44 1.40 1.53
Superphosphate 4.4 0.45 1,44 1.40
Hyperphosphate 4.4 0.50 1.43 1.61

L.S.D. 5 % 0.7 0.06 0.20 0.25

phosphate. If the phosphorus yields are compared, this ratio is even more unfa-
vourable: the effect of superphosphate phosphorus was 2.4—2.8 times higher than
that of hyperphosphate phosphorus. In the present trials equal amounts of super-
phosphate phosphorus and hyperphosphate phosphorus produced an equal increase
in yields. In this respect the trials do not seem to be quite typical: generally, hyper-
phosphate only seldom reaches the rate of efficiency of superphosphate.

It was supposed that the reason for the low phosphorus content of the hyper-
phosphate hay in the Leteensuo field trial could be found in the fact that hyper-
phosphate was applied as a surface dressing to the timothy ley. The results of the
present trials show, however, that even when hyperphosphate is worked in, the
graminaceous ley plants may be low in phosphorus. The phosphorus content of the
grasses from the hyperphosphate plots was only 0.16 % P of dry matter which is
markedly lower than the minimum phosphorus content of hay of good quality
or about 0.22 % P (20). Thus, here is a problem worthy of attention from the point
of view of animal nutrition.

A survey of the literature shows that in several field trials and pot experi-
ments the graminaceous plants produced by rock phosphate had a lower phos-
phorus content than that produced by superphosphate, as well as a lower dry
matter yield (4, 14, 23, 29, 30). Red clover, on the other hand, has been able to
build plant matter equally rich in phosphorus both when feeding on rock phosphate
and on superphosphate (23).

The ability of red clover to use the phosphorus in rock phosphate may be
explained on the basis of the theory proposed by Truog (31) that it is a plant
high in calcium, or as Drake and Steckel (8) do, on the basis of the fairly high
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cation exchange capacity of its roots. In a previous study (16) the increase in the
acidity of the soil under and after red clover as compared to the acidity in the
timothy plots was demonstrated. This may be partly connected to the higher rate
of nitrification found in the red clover soil. Probably also the microorganisms of
the rhizosphere, known to be able to solubilise apatite (26) assist in the uptake of
rock phosphate phosphorus.

Some authors have found in pot cultures that growing legumes in association
with graminaceous plants improves the ability of the latter to feed on rock phos-
phates, owing to the intensive uptake of calcium by the legume roots (7, 8). If this
also occurs in the field, it is possible that a ley rich in legumes may efficiently use
rock phosphate. In every case, a high percentage of legumes in the mixture secures
a satisfactory phosphorus content in the hay.

So far as the quality of hay as fodder is examined, a high phosphorus content
is of importance. Yet, the question arises whether the plants themselves profit
from this extra phosphorus, mostly accumulated as inorganic forms, which does
not seem to be necessary for the production of a marked amount of dry matter.
In the present trials the grasses feeding on hyperphosphate were able to synthesize
plant material using 0.43—0.47 g/kg less phosphorus than grasses feeding on super-
phosphate. It could be concluded that in the latter case a luxury consumption of
phosphorus had occurred. This, however, is a problem of plant physiology which
needs further study.

Summary

The results of two field trials in which the efficiency of superphosphate phos-
phorus and rock phosphate (Hyperphosphate Reno) phosphorus were compared
on a fine sand soil and a humus soil, did not show any differences in the dry matter
yields produced by the two fertilizers within the experimental period including
the nurse crop and three years of ley.

The analyses of the hay yields harvested from the third year red clover-timothy
ley, fairly poor in red clover, proved that the phosphorus content of the hay from
the hyperphosphate plots was markedly lower than that of the hay from the super-
phosphate plots. The respective figures were 0.17 and 0.21 per cent P of dry matter,
while the phosphorus content of the hay from the untreated plots was 0.15—0.16
per cent.

Red clover seemed to be able to synthesize plant material equally rich in phos-
phorus both when feeding on superphosphate and when feeding on hyperphosphate.
On the other hand, the grasses, in these cases mainly timothy, took up far less
phosphorus from hyperphosphate than from superphosphate.

The differences in the phosphorus content of the respective plant groups were
almost exclusively due to differences in their content of inorganic phosphorus, or
phosphorus determined as inorganic forms by the simple fractionation procedure
employed.
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No effect of the different phosphate treatments on the content of ash, calcium,
potassium, or nitrogen in the ley plants could be detected.

The results of the present study corroborate the earlier observation that on
a ley, poor in clover, rock phosphate may produce crops too low in phosphorus for
the needs of domestic animals. The results also emphasize that it is important not
to judge the response to phosphate fertilizers only on the basis of the dry matter
yields.
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SELOSTUS:

HIENOFOSFAATTI JA SUPERFOSFAATTI NURMIKASVIEN FOSFORIN LÄHTEENÄ

Armi Kaila

Yliopiston maanviljelyskemian laitos, Helsinki

J a

Pentti Hänninen

Maatalouden tutkimuskeskus, Keski-Suomen liikkuva koetoiminta, Kuusa

Kahdessa kuusivuotisessa kenttäkokeessa hieta- ja multamailla ei hienofosfaatilla ja superfos-
faatilla kolmivuotisesta nurmesta ja sen suojaviljasta saaduissa kokonaissadoissa ollut merkittävää
eroa. Sen sijaan niukasii apilaa sisältävän kolmannen vuoden nurmen sadon analysointi osoitti, että
hienofosfaatti-koejäsenei heinässä oli vain 0.17 % fosforia kuiva-aineesta, kun taas superfosfaatti
oli tuottanut 0.21 % P sisältävää heinää. Nolla-ruutujen sadon fosforin pitoisuus oli 0.15—0.16 %.

Puna-apilan fosforin pitoisuus oli yhtä suuri sekä superfosfaatti- että hienofosfaattiruuduilla,
mutta timotei sisälsi hienofosfaatilla lannoitettuna vain 0,16 % fosforia, superfosfaattia saaneena taas
0.21 %.

Erilaisen lannoituksen aiheuttamat erot kasvien fosforin pitoisuudessa kytkeytyivät miltei täy-
dellisesti eroihin epäorgaanisen fosforifraktion suuruudessa.

Fosforilannoitus ei vaikuttanutkasvien tuhkan, kalsiumin, kaliumin tai typen pitoisuuteen.
Tutkimuksen tulokset vahvistavat aikaisempaa havaintoa, jonka mukaan hienofosfaatilla lan-

noitettu apilaton nurmi voi tuottaa eläinten rehuksi ala-arvoista heinää. Tulokset osoittavat vakuut-
tavasti, että fosforilannoitteiden vaikutusta tutkittaessa on syytä kiinnittää huomiota myös sadon
kemialliseen koostumukseen.


