ROCZNIKI GLEBOZNAWCZE, T, XIX, DODATEK, WARSZAWA 1968

Fertility and plant nutrition

KAZIMIERZ MAZUR

FERTILIZATION IN STORAGE WITH PHOSPHORITE MEAL
“ANNOFOS”

Department of Agricultural Chemistry, College of Agriculture, Krakéw. Head —
Prof. Dr. T. Litynski

Poland has no rich phosphorite deposits. The low-percentage phos-
phorite of Cenomanian derivation, found on the middle Vistula in the
vicinity of Annopol, is used in agriculture in the form of fine meal,
called “Annofos” (80%0 << 0.06 mm) containing 15% P,0O;. In pot experi-
ments, these phosphorites were found to be a valuable phosphorus fertili-
zer, somewhat less effective than calcined phosphate, but tantamount to
North African (Maroccan and Tunezian) phosphorite meals [2].

As the form of phosphorus compounds contained in phosphorite meal
is not readily available to plants, it is a slowly acting fertilizer. The
longer will the reaction of this fertilizer last, during which time the
phosphates, difficult to dissolve, will begin to dissolve under the action
of various soil factors and a more available form for the plants will be
produced, the more effective the action of the fertilizer is expected to
be. Hence the problem issues of not fertilizing with phosphorite meal
under particular plants, but in cumulative doses, a single time for the
entire crop succession (“in storage”). In this way, not only will the
action of the phosphorus fertilizers, which dissolve with difficulty, be
more effective but also a savings will be achieved in the cost of the
work, which is lower when fertilizers are spread a single time in a joint
dose provided for several years.

The problem of phosphorus fertilizers “in storage” was and is an
object of investigations carried out in various countries [2—9]. From
a scientific point of view, such fertilization arouses some reservations,
especially as regards phosphorite meals and thermophosphates. A sa-
ving of time and work in farm management, insufficient quantity of
stores for fertilizers etc. also speak in favour cases also to potassium [8].
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However this measure still requires experimentation. Large differences
may arise in the behaviour of various fertilizers, taking for instance in the
extreme — calcined phosphate and phosphorite meal as depending on the
variable soil and climatic factors and those connected with the manner
of farming itself.

Field and meadow experiments, of which a synthesis of the results
has been presented in this paper, have shown that fertilization “in
storage” with phosphorite meal Annofos and calcined phosphate were
equally effective and in certain cases even more advantageous than their
application every year.

EXPERIMENTS OF FERTILIZATION “IN STORAGE” WITH PHOSPHORITE
MEAL IN THE NORFOLK CROP ROTATION

The experiment in the crop rotation was carried out on acid (pHgci =
= 5.33), sandy and fine-sandy loam containing 2.3 mg P,Os; and 7.5 mg
K,;0 in 100 g of soil according to Egner. The mean annual total of
precipitation amounted to 689 mm during 4 years. Within the experimen-
tal period more precipitation was recorded during two years (I and III)
and during the other two years (Il and IV) less than the long-term mean.
The experimental field was at an altitude of 300 m above sea level.

The effectiveness of annual fertilization with calcined phosphate and
phosphorite meal Annofos was compared in the experiments with that
of fertilization with phosphorite meal a single time under all crop plants
of the rotation (once every four years). The order of the plants in the
crop rotation was as follows: potatoes, oats, field peas with oat for
greens, wheat.

Farmyard manure in a quantity of 200 g/hectare (under potatoes)
and a total of 120 kg N/ha (nitrochalk) and 200 kg K,O/ha (40%o potash
salt) were used a single time as the basic fertilization. The total of
yearly doses of phosphorus and the dose every 4 years (“in storage”)
amounted to 140 kg P,Oz/ha in each case. Both the doses of calcined
phosphate and phosphorite meal were computed on the basis of the total
phosphorus content (soluble in hot aqua regia).

The average annual plant yields from the entire rotation, expressed
in cereal units, are given in Tab. 1, and in Fig. 1; the mean increases
in each of the crops during the 4-year experiment are presented in
relative values. The values of the yield increases obtained on phosphorite
meal, which were compared in Fig. 1 with the yield increases obtained on
calcined phosphate, the value of which was adopted as 100.
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Table 1

Average crops and crop increases during the entire crop rotation in cereal units

Crops in Crop increases
Fertilization cereal
units in cereal relative
units numbers
Without phosphorus 36.98 - -
Calcined phosphate - every year 40.32 3.54 100.00
Rock phosphste meal - every year 39.18 2.80 83.83
Rock phosphate meal - fertilized "in storage" * 39.83 2.85 85.33
Confidence interval (P = 0.95) - 1.22
* Fertilized 'in storage" - 4-year dose given once.
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Fig. 1. Average crop increases of the separate plants (relative values) in four-years
experiments

As indicated in Fig. 1, the phosphorus from phosphorite meal was
well utilized by potatoes, field peas and winter wheat, oats reacting
the most weakly to this fertilizer. The effects of fertilizing “in storage”
as compared with annual fertilization appear to be better for the culti-
vation of cereals.

INVESTIGATIONS ON THE DYNAMICS OF THE UPTAKE OF PHOSPHORUS
FROM CALCINED PHOSPHATE AND PHOSPHORITE MEAL ANNOFOS
BY PLANTS

Investigations were carried out in 1960 during which the occurrence
and magnitude of the differences in uptaking phosphorus from calcined
phosphate and phosphorite meal by plants in the various phases of
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their development [4] was studied. The evaluation of these differences
was based on a comparison of the value of the ratio of the total nitro-
gen content to the total phosphorus content in the plants investigated
[1]. The objects of the investigation were potatoes (tubers and leaves),
oat, mixture of field peas and oats and winter wheat, harvested 3 times
during the vegetation period and conducted during the 3rd year of the
experiments in the Norfolk crop rotation [5]. Samples of the plants were
gathered and analyzed from each of the particular fertilizer combinations.
The dates of the harvests is given in Tab. 2.

r

Tatle 2

The dates cf the harvests
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A similar basic fertilization (nitrogen-potash) was used in the experi-
ments on all fields, and the phosphorus fertilization was diverse. Apart
from the control series, without phosphorus, the experiments included
a series with annual doses of calcined phosphate and phosphorite meal
Annofos and a series in which phosphorite meal was used ‘“in storage”
under all the crops in crop rotation once every 4 years. The plant samples
were gathered for investigation in the 3rd year of the application of this
fertilizer.

It was expected that the differences in fertilization as regards the
solubility of phosphorus compounds will have a marked influence on
the chemical composition of the plants, especially in the younger phases
of their development. It was also judged that the plants from the series
without phosphorus and those fertilized with not readily available forms
of phosphate compounds in the form of phosphorite meal will have
a larger ratio N :P,05; than the plants from the series fertilized with
calcined phosphate.

The phosphorus fertilizer dose under potatoes amounted to 50 kg,
under the remaining plants — 30 kg P,O; per hectare. The doses of both
fertilizers were computed according to the total phosphorus content.
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Basic fertilization consisted of nitrochalk in a dose of 30 kg N per hectare
under each of the plants and 40 percent potash salt in a dose of 89 kg
K,0 per hectare under potatoes and 40 kg per hectare under the re-
maining crops. Farmyard manure (200 g/ha) was also used for the
potatoes.

The results of the analyses confirmed the supposition that the phos-
phorus supplied to plants was less in the series fertilized by phosphorite
meal compared to those fertilized by calcined phosphate. The plants from
the series without phosphorus had the largest ratio N :P,0O5; and the
smallest — those fertilized with calcined phosphate. The values of the
ratio N : P,O5 in crops from the series fertilized with phosphorite meal
were more adventageous (lower) when using this fertilizer “in storage”
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Fig. 2. Average ratio N : P,O; in the 250
plants examined

1—no phosphorus, 2—calcined phos-
phate — single dose, 3 —rock phosphate 200
meal — applied every year, 4 —rock :

phosphate meal given ‘“in storage’’. Dote of horvest

as compared with the ratio with annual doses. The largest differences
in the ratio N :P,0O5 in the plants of the particular fertilization series
occured in the initial period of growth (Harvest I). These differences
became smaller as the vegetation period became longer. This is to be
seen in Fig. 2, which presents the means of the relationships in the
values of the ratio N :P,0; for all plants investigated. The greatest
range in the value of this ratio in the samples of each of the crops
(growth phase) was ascertained in oat and wheat, a smaller one in the
leaves and tubers of potatoes and it was the smallest in field peas.

14 Roczniki gleboznawcze
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EXPERIMENTS ON THE EFFECTIVENESS OF FERTILIZATION “IN STORAGE”
WITH PHOSPHORITE MEAL ANNOFOS AND CALCINED PHOSPHATE
ON MEADOWS

The investigations were conducted in 1959-1961 in 3 localities of the
Rzeszéw district. The distance between the experimental points did not
exceed 3 km, but they differed fundamentally as regards kind and hu-
midity of the soil. Experiment 1 was performed on a fine-sandy medium
clay with a low ground-water level, which produced a periodic drought,
most frequently after the 1st cut. The soil contained 6.7 mg P,O5; and
6.8 mg K,0/100 grams soil after Egner, 4.83 percent organic matter and
pPHici = 5.9. In experiment 2 soil conditions were advantageous to the
action of the phosphorite meal: organogenic alluvial peat soil, moist,
with pHgc = 5.6, contained 10.68 percent organic matter in a layer up
to 20 cm deep. It was poor in available phosphorus and potash (5.5 mg
P,0; and 2.5 mg K,0/100 grams soil after Egner). The soil in the expe-
riment 3 (a heavy warp soil) had a pHyc, = 6.3, a high groundwater
level and contained 6.21 percent organic matter and 2.1 mg P,0; and
7.3 mg K,0/100 g soil after Egner. The average altitude of the expe-
rimental plots amounted to about 200 m, and the mean of the total
precipitation — 685.5 mm (during the vegetation period — April to Sep-
tember — 454 mm).

All the experiments were undertaken in 5 fertilization series: without
phosphorus, calcined phosphate and Annofos applied in doses every
year and calcined phosphate and Annofos applied once every three
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Fig. 3. Relative values of crop increase when fertilized every year or “in storage”
(once in three years) with calcined phosphate and rock phosphate meal in three-year
meadow fertilizing experiments
a) — comparison of the effect of fertilization. Crop incrcase when calcined phosphate = 100;
1 — rock phosphate meal applied every year, 2 — rock phosphate meal given ,,in storage”

b) — comparison of systems of fertilizing. Crop increase when fertilization every year = 100;
1 — rock phosphatc meal, 2 — calcined phosphate.
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Table 3

Lversge crops of hey (dry wass) irom tke three-year meadow fertilizing experiuments

I-st II-zd 111-rd

Fertilizetion experiment experiment experiment

cro } cro cro
q/ha ing q/ha inl—) q/ha inl-a
crease crease crease

Without phosphorus 61.8 - 68.8 - 58.7 -
Calcined phosphate every year 69.5 7.7 | 78.2 9.4 70.3 11.6
Rock phosphate meal every year 63.6 6.8 | 77.7 8.9 67.4 8.7
Calcined pkosphate fertilized "in storage" *® 75.6 | 13.8 | 80.2 11.4 7.3 11.6
Rock phosphate meal fertilized "in storage" * 72.5 ] 10.7 | 82.0 13.2 68.0 9.3
Confidence interval (P = 0.95) - 2.68( - 3.79 - 2.40

® Fertilized "in storsge'" - full fertilizer dose given once every three years

years “in storage”. The yearly dose of phosphorus amounted to
50 kg/hectare P,O5 (calculated according to the total phosphorus content).
At the beginning of the experiment, a “storage” dose of both fertilizers
meant for three years, that is 150 kg/hectare P,O;, was applied in series
4 and 5. The basic fertilization consisted in: 40 percent potash salt and
25 percent nitrochalk. As regards mineral soils, 80 kg/hectare K,O and
40 kg/hectare N was applied every year in experiments 1 and 3, and
as regards the organo-genic soil — 120 kg/hectare K,0 and 20 kg/hectare
N in experiment 2.

Two cuts of hay were harvested each year from every experiment.
The mean hay yield from each of the experimental stands (total of
2 harvests) are presented in Tab. 3. In every year of the experiments
the yields shaped as depending on the quantity and distribution of
precipitation. The highest yields were obtained in the dry stand (exp. 1)
during wet years (1960 and 1961) and on very moist soils (exp. 2 and 3)
a dry year (1959) was more advantageous.

As indicated by Tab. 2, the highest average hay crops were obtained
in experiment 2, on an acid and humid meadow. Fertilization every year
with calcined phosphate and phosphorite meal produced the same effect
whereas when both these fertilizers were applied “in storage”, the action
of Annofos was somewhat better.

Figure 3 presents the efectiveness of fertilization with phosphorite
meal in relation to the value of calcined phosphate (4) and a comparison
of the increase in effectiveness of both fertilizers when used “in storage”
(B). In part A, the average values of crop yield increases of 3 years of

14-
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experiments obtained consequent to fertilization with calcined phosphate
applied every year and ‘“in storage” was adopted as 100 and to these
values the effectiveness of Annofos was referred when applied in the
same manner. As may be seen, phosphorite meal gave way in a varied
degree to the fertilizer action of the cacined phosphate irrespective of
the manner of its application, with the exception of experiment 2 on
the organogenic soil where fertilization “in storage” with Annofos gave
higher yields (116 percent).

When comparing the manner of applying fertilizers —in part B of
the graph, the yield increases consequent to fertilizing with calcined
phosphate and phosphorite meal in annual doses was adopted as 100.
As seen, fertilization “in storage” with phosphorus (apart from calcined
phosphate in exp. 3) gave a markedly better effect than annual ferti-
lization. The mean increase in effectiveness (from all the experiments)
of fertilization “in storage” with Annofos was higher (137 percent) as
compared with fertilization “in storage’” with calcined phosphate (128
percent).
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K. MAZUR

FUMAGE PAR LA POUDRE PHOSPHORITE ANNOFOS PAR AVANCE

Chaire de Chimie Agricole de la Haute Ecole d’Agriculture de Krakoéw

Résumé

Au cours des observations menées on compara l'éfficacité du fumage par la
poudre de phosphorite et la basiphosphate ,,supertomasyna”. La poudre de phospho-
rite dans les expériences aux champs dans la rotation de Norfolk appliquée en une
dose (une fois pour les 4 ans) produit en moyenne un accroissement semblable des
récoltes qu’appliqué annuellement. Par contre le fumage par avance dans la culture
des céréales était plus profitable que le fumage annuel.

Dans les observations sur la dynamique du prélévement du phosphore par les
plantes dans diverses phases de leur développement le fumage par la poudre de
phosphorite par avance favorisait en une plus large mesure que le fumage annuel
un prélévement harmonieux du phosphore et de l’azote assurant aux plantes une
quantité suffisante d’aliment phosphorique dans les premiers stades de leur dévelop-
pement.

Au cours des expériences dans les prairies le fumage par avance tant par la
poudre de phosphorite que par la basiphosphate ,supertomasyna” était plus efficace
que le fumage par doses annuelles.

K. MAZUR

DIE VORRATSDUNGUNG MIT POLNISCHEM ROHPHOSPHATMEHL
»ANNOFOS”

Lehrstuhl fur Agrochemie, Landwirtschaftliche Hochschule, Krakow

Zusammenfassung

Es wurden die Untersuchungen durchgefiihrt, in welchen man die Effektivitat
der alljahrlichen und Vorratsdiingung mit Rohphosphatmehl und polnischem Gliih-
phosphat (,,Supertomasyna”) vergleich. Das Rohphosphatmehl in der innerhalb der
Norfolk Fruchtwechsel gefiihrten Feldversuchen, bei einmaliger Einbringung dessel-
ben fiir ganze Fruchtfolge (jede 4 Jahre) gab im Durchschnitt Zhnliche Mehrertige
wie bei dessen alljahrigen Einbringung, Die Vorratsdiingung war, dagegen, beim
Getreideanbau gilinstiger als die alljdhrige.

In den Untersuchungen iiber die Dynamik der Phosphoraufnahme durch die
Pflanzen in verschiedenen Entwicklungsphasen derselben, trug die Vorratsdiingung
mit Rohphosphatmehl im grosserem als die alljihrliche Grade einer harmonischen
Phosphor- und Stickstoffaufnahme bei, indem sie den Fflanzen geniigende Phosphor-
mengen in frilhen Entwicklungsphasen sicherte.

In den Wiesenversuchen erwies sich die Vorratsdiingung, sowohl mit Rohphos-
phatmehl als auch mit Gliihphosphat ,,Supertomasyna”, effektiver als die alljahr-
liche Diingung.
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K. MAZUR
NAWOZENIE MACZKA FOSFORYTOWA ANNOFOS NA ZAPAS

Katedra Chemii Rolniczej WSR, Krakéow

Streszczenie

Przeprowadzono badania, w ktérych poréwnywano efektywnosé corocznego
i zapasowego nawozenia mgczka fosforytowa i supertomasyng. Maczka fosforytowa
w do$wiadczeniach polowych w plodozmianie norfolskim zastosowana jednorazowo
na cale zmianowanie (raz na 4 lata) wywotala przecietnie podobne zwyzki plonéw
jak przy stosowaniu corocznym. Natomiast nawozenie na zapas przy uprawie zbdz
bylo korzystniejsze od nawozenia corocznego.

W badaniach nad dynamika pobierania fosforu przez rosliny w réznych fazach
ich rozwoju nawozenie maczka fosforytowa na zapas sprzyjalo w wiekszym stopniu
niz nawozenie coroczne harmonijnemu pobieraniu fosforu i azotu zabezpieczajgc
ro§linom dostateczng ilo§¢ pokarmu fosforowego we weczesnych stadiach rozwoju.

W doswiadczeniach lgkowych zapasowe nawozenie zaréwno mgczka fosforyto-
w3, jak i supertomasyng bylo efektywniejsze od nawozenia dawkami corocznymi.

K. MARVP

YIAOBPEHUE $OCPOPUTHOM MYKOM AHHOPOC IIPO 3AIIAC

Kadenpa Arpoxmumuy, Bbeicuiaga CelbCKoX03AlcTBeHHaA lIIkona, Kpakos

Pes3wmMme

IIpoBOAMANM MCCJAELOBaHNA, B KOTOPbIX CpaBHuBaMM 3((eKTMBHOCTL y/i00peHus
dochopUTHOM MYKOM M CYNEepTOMAaCLINIaKOM, BHOCHMMbLIX €3KerojgHO MJIM INIpo 3arac.
B moseBbIX onbITax pochopmuTHaAsA MyKa NpuMeHAeMas B HOP(OJILCKOM CeBOOOOpPOTe
OJHOKPATHO BeChb ILIOAOCMEH (pa3 Ha 4 roja) jgaBajia B CpefHeM II0Ao0HbIe IIpu-
6aBKM ypoxKas, KaK M IIPU €3KErogHoMm npumeHenmy. OLHAKO RS 3€PHOBBIX KYJILTYP
yaobpeHue mpo 3amac oKasayoch 3P(eKTUBHEe exKEeromgHoro.

CorJtacHO mcciefoBaHMAM I10 AMHAMMKeE YycBoeHuA dhocdopa pacTeHmsaMHM B pas-
HbIX (ra3ax paszButTusd, ynobpeHue ¢ocOpMUTHO# MYKOI mpo 3amnac crnocobcTBoBaJO
foJlee TapMOHMYECKOMY IIOCTYIUIeHMIO ¢pocdopa M azoTa B PaCTEHMHA, Jydlle UX
obecreunBas NMUTATEJbHLIMM SJIEMEHTAMM B PaHHMX CTaAUAX Pa3BUTUA.

B JayroBbIX omnbITax ygnobpeHme npo 3amac KakK (PccOpMTHOI MYKOil Tak U
cynepromMacuuyiakoM 6bL1o Gosee 3deKTHBHBIM, eM yAnoOpeHIle exXerogHo BHOCHU-
MbIMM J03aMU.



