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Poland has no rich phosphorite deposits. The low -percentage phos­
phorite of Cenom anian derivation, found on the m iddle V istula in the 
vicinity of Annopol» is used in agriculture in the form  of fine meal, 
called “Annofos” (80% <  0.06 mm) containing 15% P 20 5. In pot experi­
m ents, these phosphorites were found to be a valuable phosphorus fertili­
zer, som ew hat less effective than  calcined phosphate, but tan tam ount to 
North African (Maroccan and Tunezian) phosphorite meals [2].

As the form  of phosphorus compounds contained in phosphorite m eal 
is not read ily  available to plants, it is a slowly acting fertilizer. The 
longer w ill the reaction of this fertilizer last, during which tim e the 
phosphates, difficult to dissolve, w ill begin to dissolve under the action 
of various soil factors and a more available form  for the p lants w ill be 
produced, the m ore effective the action of the fertilizer is expected to 
be. Hence the problem  issues of not fertilizing w ith phosphorite m eal 
under particu lar plants, bu t in cum ulative doses, a single tim e for the 
entire  crop succession (“in storage”). In this way, not only w ill the 
action of the  phosphorus fertilizers, which dissolve w ith difficulty , be 
more effective bu t also a savings w ill be achieved in the cost of the 
work, which is lower when fertilizers are spread a single tim e 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 therm ophosphates. A sa­
ving of tim e and work in farm  m anagem ent, insufficient quan tity  of 
stores for fertilizers etc. also speak in favour cases also to potassium  [8].
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However this m easure still requires experim entation. Large differences 
m ay arise in the behaviour of various fertilizers, taking for instance in the 
extrem e — calcined phosphate and phosphorite m eal as depending on the 
variable soil and clim atic factors and those connected w ith  the m anner 
of farm ing itself.

Field and meadow experim ents, of which a synthesis of the resu lts 
has been presented in this paper, have shown th a t fertilization “in 
storage” w ith  phosphorite m eal Annofos and calcined phosphate were 
equally effective and in certain  cases even m ore advantageous than  their 
application every year.

EXPERIM ENTS OF FERTILIZATION “IN STORAGE” W ITH PHOSPHORITE  
MEAL IN  THE NORFOLK CROP ROTATION

The experim ent in the crop rotation was carried out on acid (pHKci =  
=  5.33), sandy and fine-sandy loam containing 2.3 mg P 20 5 and 7.5 mg 
K 20  in 100 g of soil according to Egner. The m ean annual to ta l of 
precipitation am ounted to 689 mm during 4 years. W ithin the experim en­
ta l period more precipitation was recorded during two years (I and III) 
and during the other two years (II and IV) less than  the long-term  mean. 
The experim ental field was at an a ltitude of 300 m above sea level.

The effectiveness of annual fertilization w ith  calcined phosphate and 
phosphorite meal Annofos was compared in the experim ents w ith  th a t 
of fertilization w ith phosphorite m eal a single tim e under all crop plants 
of the ro tation  (once every four years). The order of the p lants in the 
crop rotation was as follows: potatoes, oats, field peas w ith oat for 
greens, wheat.

Farm yard  m anure in a quan tity  of 200 q/hectare (under potatoes) 
and a to tal of 120 kg N /ha (nitrochalk) and 200 kg K 20 /h a  (40% potash 
salt) w ere used a single tim e as the basic fertilization. The to ta l of 
yearly  doses of phosphorus and the dose every 4 years (“in storage”) 
am ounted to 140 kg P 20 5/ha in each case. Both the doses of calcined 
phosphate and phosphorite m eal w ere com puted on the basis of the total 
phosphorus content (soluble in hot aqua regia).

The average annual p lan t 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 experim ent are presented in 
relative values. The values of the yield increases obtained on phosphorite 
meal, w hich were compared in Fig. 1 w ith the yield increases obtained on 
calcined phosphate, the value of which was adopted as 100.
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T a b l e  1

Average crops and crop in creases  during the e n t ire  crop r o ta t io n  in  cere a l  un its

F e r t i l i z a t i o n
Crops in 

cerea l  
un its

Crop increases

in cere a l  
un its

r e l a t iv e
numbers

Without phosphorus 36.S3 - -

Calcined phosphate -  every year 40 .32 3.34 100.00

Rock phosphate meal - every year 39.73 2.80 83.83

Rock phosphate meal -  f e r t i l i z e d  "in s torage” * 39.83 2.85 85.33

Confidence in terv a l  (P -  0 .55) - 1.22

* F e r t i l i z e d  Min storage" -  4 - j ea r  dose g iven once.

Potatoes-tubers Oat-grain Mixture 
-green mass Wheat-grain

- %86—A- - - - - - - - - 81 39 82
95A A

-

62•
Fertilization

m Calcined pht 
-every yea/

• Rock phosp, 
-ei/ery year

a  Rock phospi 
-given „in si

•76  

isphafe

hate meal

)ate meal 
lorage "

Fig. 1. A verage crop increases of the separate plants (relative values) in four-years
experim ents

As indicated in Fig. 1, the phosphorus from  phosphorite m eal was 
w ell utilized by potatoes, field peas and w in ter w heat, oats reacting 
the most w eakly to this fertilizer. The effects of fertilizing “in storage” 
as compared w ith  annual fertilization appear to be better for the culti­
vation of cereals.

INVESTIG ATIONS ON THE DYNAM ICS OF THE UPTAKE OF PHOSPHORUS
FROM CALCINED PHO SPH ATE AND PHOSPHORITE MEAL ANNOFOS

BY PLANTS

Investigations were carried  out in 1960 during w hich the occurrence 
and m agnitude of the differences in uptaking phosphorus from  calcined 
phosphate and phosphorite m eal by plan ts in the various phases of
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their developm ent [4] was studied. The evaluation of these differences 
was based on a comparison of the value of the ratio  of the to ta l n itro ­
gen content to the to ta l phosphorus content in the p lants investigated 
[1]. The objects of the investigation w ere potatoes (tubers and leaves), 
oat, m ix ture  of field peas and oats and w in ter w heat, harvested  3 tim es 
during the vegetation period and conducted during the 3rd year of the 
experim ents in the Norfolk crop ro tation  [5]. Sam ples of the plants were 
gathered and analyzed from  each of the particu lar fertilizer combinations. 
The dates of the harvests is given in Tab. 2.

T a b l e  2

Yhe dates c f  the harvests

Harvests potatoes Oat
r'ield Dess (
with oats  j *heat

I harvest July 2o
bei:inning of
blooding

June 1 
t i l l e r i n g

June 1 j iiiaj J 
t i l l e r i n g  oi  t i x l e r i n g  
oats  1

II harvest Aug-st 24 
lower leaves
d ie

July 6 
head i fig

July 6 June 16 
heading j blooaing

III  harvest Kove.:.óer 24 
l u l l v  ripe

August 4 
i u i i y  r ic e

Juiy I-c ! August -j 
1‘iej.d peas l u l l  r ipeness  
blwOn !

i 1

A sim ilar basic fertilization (nitrogen-potash) was used in the experi­
m ents on all fields, and the phosphorus fertilization was diverse. A part 
from  the control series, w ithout phosphorus, the experim ents included 
a series w ith annual doses of calcined phosphate and phosphorite m eal 
Annofos and a series in which phosphorite m eal 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 th a t the differences in fertilization as regards the 
solubility of phosphorus compounds w ill have a m arked influence on 
the chemical composition of the plants, especially in the younger phases 
of their developm ent. It was also judged tha t the p lants from  the series 
w ithout phosphorus and those fertilized w ith  not readily  available forms 
of phosphate compounds in the form  of phosphorite m eal will have 
a larger ratio  N : P 20 5 than  the p lants from  the series fertilized w ith 
calcined phosphate.

The phosphorus fertilizer dose under potatoes am ounted to 50 kg, 
under the rem aining plants — 30 kg P 20 5 per hectare. The doses of both 
fertilizers were com puted according to the to ta l phosphorus content.
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Basic fertilization consisted of nitrochalk  in a dose of 30 kg N per hectare 
under each of the p lants and 40 percent potash salt in a dose of 89 kg 
K 20  per hectare under potatoes and 40 kg per hectare under the re ­
m aining crops. Farm yard  m anure (200 q/ha) was also used for the 
potatoes.

The results of the analyses confirm ed the supposition tha t the phos­
phorus supplied to p lants was less in the  series fertilized by phosphorite 
m eal com pared to those fertilized by calcined phosphate. The plan ts from  
the series w ithout phosphorus had the largest ratio  N : P 20 5 and the 
sm allest — those fertilized w ith calcined phosphate. The values of the 
ratio  N : P 20 5 in crops from  the series fertilized w ith  phosphorite m eal 
were more adventageous (lower) when using this fertilizer “in storage”

Fig. 2. A verage ratio N : P 20 5 in the  
plants exam ined

1 — n o  p h o s p h o r u s ,  2  — c a lc in e d  p h o s ­
p h a t e  — s in g le  d o se , 3 — r o c k  p h o s p h a te  
m e a l — a p p l ie d  e v e r y  y e a r ,  4 — r o c k  
p h o s p h a t e  m e a l  g iv e n  “ in  s to r a g e » ’.

as com pared w ith  the ratio  w ith annual doses. The largest differences 
in the ratio  N : P 20 5 in the p lants of the particu lar fertilization series 
occured in the  in itia l period of grow th (Harvest I). These differences 
became sm aller as the vegetation period became longer. This is to be 
seen in Fig. 2, which presents the m eans of the relationships in the 
values of the ratio  N : P 20 5 for all p lants 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 w heat, a sm aller one in the 
leaves and tubers of potatoes and it was the sm allest in field peas.

14 R o c z n ik i  g le b o z n a w c z e
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EXPERIM ENTS ON THE EFFECTIVENESS OF FERTILIZATION “IN  STORAGE” 
WITH PHOSPHORITE MEAL ANNOFOS AND CALCINED PHOSPHATE

ON MEADOW S

The investigations were conducted in 1959-1961 in 3 localities of the 
Rzeszów district. The distance betw een the experim ental points did not 
exceed 3 km, but they  differed fundam entally  as regards kind and hu ­
m idity of the soil. Experim ent 1 was perform ed on a fine-sandy m edium  
clay w ith a low ground-w ater level, which produced a periodic drought, 
most frequen tly  after the 1st cut. The soil contained 6.7 mg P 20 5 and 
6.8 mg K 20/100 gram s soil after Egner, 4.83 percent organic m atter and 
pH KCj =  5.9. In experim ent 2 soil conditions were advantageous to the 
action of the phosphorite meal: organogenic alluvial peat soil, moist, 
w ith  pH Kci =  5.6, contained 10.68 percent organic m atter in a layer up 
to 20 cm deep. It was poor in available phosphorus and potash (5.5 mg 
P 20 5 and 2.5 mg K 20/100 gram s soil after Egner). The soil in the expe­
rim ent 3 (a heavy w arp soil) had a pHKC1 =  6.3, a high groundw ater 
level and contained 6.21 percent organic m atter and 2.1 mg P 20 5 and 
7.3 mg K 20 /1 0 0 g  soil a fter Egner. The average altitude of the expe­
rim ental plots am ounted to about 200 m, and the m ean of the to tal 
precipitation — 685.5 mm (during the vegetation period — April to Sep­
tem ber — 454 mm).

All the experim ents were undertaken  in 5 fertilization series: w ithout 
phosphorus, calcined phosphate and Annofos applied in doses every 
year and calcined phosphate and Annofos applied once every three

Experiments

Fig. 3. R elative values of crop increase w hen fertilized  every year or “in storage” 
(once in three years) w ith  calcined phosphate and rock phosphate m eal in three-year

m eadow  fertilizing experim ents

a)  — c o m p a r is o n  o f  th e  e f f e c t  o f  f e r t i l i z a t io n .  C rop  in c r e a s e  w h e n  c a l c in e d  p h o s p h a te  =  10U;
1 — r o c k  p h o s p h a te  m e a l  a p p l ie d  e v e r y  y e a r ,  2 — r o c k  p h o s p h a te  m e a l  g iv e n  ,, in  s t o r a g e ”

b )  — c o m p a r is o n  o f  s y s t e m s  o f  f e r t i l i z in g .  C rop  in c r e a s e  w h e n  f e r t i l i z a t io n  e v e r y  y e a r  =  100;
1 — r o c k  p h o s p h a te  m e a l ,  2 — c a lc in e d  p h o s p h a t e .
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T a b l e  3

A verage cro p s o f  hay ^dry m ass; i'roin th e th r e e -y e a r  meadow f e r t i l i z i n g  ex p er im en ts

F e r t i l i z a t i o n

I - s t
exp er im en t

I l- n d
exp er im en t

I l l - r d
exp er im en t

q /h a
crop

in ­
c r e a se

q /ha
crop

in ­
c r e a se

q /ha
crop

in ­
c r e a se

W ithout phosphorus 61.8 - 68.8 - 58.7 -

C a lc in ed  p hosp h ate ev e ry  y ea r 69*5 7.7 78.2 9.4 70.3 11.6

Rock p h osp h ate  m eal ev ery  y ea r 6З .6 6 .8 77.7 8 .9 67.4 8 .7

C a lc in ed  p hosp h ate f e r t i l i z e d  ''in  s t o r a g e ” * 75.6 13.8 80 .2 11.4 70.3 11.6

Rock p h osp h ate  m eal f e r t i l i z e d " in  s to r a g e "  # 72.5 10.7 82 .0 13.2 68.0 9 .3

C on fid en ce in t e r v a l  IP -  0.9b) - 2.88 - 3 .79 - 2.40

* F e r t i l i z e d  Min  s to r a g e "  -  f u l l  f e r t i l i z e r  d ose g iv e n  once every  th ree  y e a r s

years “in storage”. The yearly  dose of phosphorus am ounted to  
50 kg/hectare P 20 5 (calculated according to the to ta l phosphorus content). 
A t the beginning of the experim ent, a “storage” dose of both fertilizers 
m eant for th ree years, th a t is 150 kg/hectare P 20 5, was applied in series 
4 and 5. The basic fertilization consisted in: 40 percent potash salt and 
25 percent nitrochalk. As regards m ineral soils, 80 kg/hectare K 20  and 
40 kg/hectare N was applied every year in experim ents 1 and 3, and 
as regards the organo-genic s o il— 120 kg/hectare K 20  and 20 kg/hectare 
N in experim ent 2.

Two cuts of hay were harvested  each year from  every experim ent. 
The mean hay yield from  each of the  experim ental stands (total of 
2 harvests) are presented in Tab. 3. In every year of the experim ents 
the yields shaped as depending on the quan tity  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 experim ent 2, on an acid and hum id meadow. Fertilization every year 
w ith calcined phosphate and phosphorite meal produced the same effect 
w hereas when both these fertilizers were applied “in storage” , the action 
of Annofos was som ewhat better.

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

14'
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experim ents obtained consequent to fertilization w ith  calcined phosphate 
applied every year and “in storage” was adopted as 100 and to these 
values the effectiveness of Annofos was referred  w hen applied in the 
same m anner. As m ay be seen, phosphorite m eal gave w ay in a varied 
degree to the fertilizer action of the cacined phosphate irrespective of 
the  m anner of its application, w ith  the exception of experim ent 2 on 
the organogenic soil w here fertilization “in storage” w ith  Annofos gave 
higher yields (116 percent).

W hen com paring the m anner of applying fertilizers — in part В of 
the graph, the yield increases consequent to fertilizing w ith calcined 
phosphate and phosphorite m eal in annual doses was adopted as 100. 
As seen, fertilization “in storage” w ith phosphorus (apart from  calcined 
phosphate in exp. 3) gave a m arkedly  better effect than  annual fe rti­
lization. The m ean increase in effectiveness (from all the experim ents) 
of fertilization “in storage” w ith  Annofos was higher (137 percent) as 
com pared w ith  fertilization “in storage” w ith  calcined phosphate (128 
percent).
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K . M A Z U R

FUMAGE PAR LA POUDRE PHOSPHORITE ANNOFOS PAR AVANCE  

C h a ir e  d e  C h im ie  A g r ic o le  d e  la  H a u te  É c o le  d ’A g r ic u l t u r e  d e  K r a k ó w

R é s u m é

Au cours des observations m enées on compara l ’efficacité  du fum age par la  
poudre de phosphorite et la basiphosphate „supertom asyna”. La poudre de phospho­
rite dans les expériences aux cham ps dans la rotation de N orfolk appliquée en une 
dose (une fois pour les 4 ans) produit en m oyenne un accroissem ent sem blable des 
récoltes qu’appliqué annuellem ent. Par contre le  fum age par avance dans la  culture  
des céréales était plus profitable que le  fum age annuel.

Dans les observations sur la dynam ique du prélèvem ent du phosphore par les  
plantes dans d iverses phases de leur développem ent le  fum age par la  poudre de 
phosphorite par avance favorisait en une plus large m esure que le  fum age annuel 
un prélèvem ent harm onieux du phosphore et de l ’azote assurant aux p lantes une 
quantité su ffisan te d’alim ent phosphorique dans les prem iers stades de leur d évelop­
pem ent.

Au cours des expériences dans les prairies le  fum age par avance tant par la  
poudre de phosphorite que par la basiphosphate „supertom asyna” était plus efficace  
que le fum age par doses annuelles.

к .  M A Z U R

DIE VORRATSDÜNGUNG MIT POLNISCHEM  ROHPHOSPHATM EHL
„ANNOFOS”

L e h r s tu h l  fü r  A g r o c h e m ie ,  L a n d w ir t s c h a f t l i c h e  H o c h s c h u le ,  K r a k o w

Z u s a m m e n f a s s u n g

Es w urden die U ntersuchungen durchg'eführt, in w elch en  man die E ffek tiv ität 
der alljährlichen und V orratsdüngung m it R ohphosphatm ehl und polnischem  G lüh- 
phosphat („Supertom asyna”) vergleich. Das R ohphosphatm ehl in der innerhalb der 
Norfolk F ruchtw echsel geführten Feldversuchen, bei einm aliger E inbringung d essel­
ben für ganze Fruchtfolg’e (jede 4 Jahre) gab im D urchschnitt ähnliche M ehrertäge 
w ie  bei dessen alljährigen Einbringung. D ie Vorratsdüngung war, dagegen, beim  
G etreideanbau günstiger als die alljährige.

In den U ntersuchungen über die D ynam ik der Phosphoraufnahm e durch die 
Pflanzen in versch iedenen  E ntw icklungsphasen  derselben, trug die Vorratsdüngung  
m it R ohphosphatm ehl im grösserem  als die alljährliche Grade einer harm onischen  
Phosphor- und Stickstoffaufnahm e bei, indem  sie den F flanzen genügende P hosphor­
m engen in frühen E ntw icklungsphasen sicherte.

In den W iesenversuchen erw ies sich die V orratsdüngung, sow ohl m it R ohphos­
phatm ehl als auch m it G lühphosphat „Supertom asyna”, effek tiver als die a lljähr­
liche Düngung.
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K . M A Z U R

NAWOŻENIE MĄCZKĄ FOSFORYTOW Ą ANNOFOS NA ZAPAS

K a te d r a  C h e m ii  R o ln ic z e j  W S R , K r a k ó w

S t r e s z c z e n i e

Przeprowadzono badania, w  których porów nyw ano efektyw ność corocznego 
i zapasow ego naw ożenia m ączką fosforytow ą i supertom asyną. Mączka fosforytow a  
w  dośw iadczeniach polow ych w  płodozm ianie norfolskim  zastosow ana jednorazow o  
na całe zm ianow anie (raz na 4 lata) w yw oła ła  przeciętn ie podobne zw yżki plonów  
jak przy stosow aniu corocznym. N atom iast naw ożenie na zapas przy upraw ie zbóż 
było korzystn iejsze od naw ożenia corocznego.

W badaniach nad dynam iką pobierania fosforu przez rośliny w  różn3rch fazach  
ich rozw oju naw ożenie m ączką fosforytow ą na zapas sprzyjało w  w iększym  stopniu  
niż naw ożenie coroczne harm onijnem u pobieraniu fosforu i azotu zabezpieczając 
roślinom  dostateczną ilość pokarm u fosforow ego w e w czesnych stadiach rozwoju.

W dośw iadczeniach łąkow ych zapasow e naw ożenie zarówno m ączką fosforyto­
wą, jak i supertom asyną było efek tyw niejsze od naw ożenia daw kam i corocznymi.

к .  М А З У Р

УДОБРЕНИЕ ФОСФОРИТНОЙ МУКОЙ АННОФОС ПРО ЗАПАС  

К а ф е д р а  А г р о х и м и и , В ы с ш а я  С е л ь с к о х о з я й с т в е н н а я  Ш к о л а , К р а к о в

Р е з ю м е

Проводили исследования, в которых сравнивали эф ф ективность удобрения  
ф осф оритной мукой и супертомасшлаком, вносимых еж егодно или про запас. 
В полевых опытах ф осф оритная мука применяемая в норфольском севообороте 
однократно весь плодосмен (раз на 4 года) давала в среднем подобные при­
бавки урож ая, как и  при ежегодном применении. Однако для зерновы х культур  
удобрение про запас оказалось эф ф ективнее ежегодного.

Согласно исследованиям по динамике усвоения ф осф ора растениями в р а з­
ных ф азах  развития, удобрение ф осфоритной мукой про запас способствовало 
более гармоническому поступлению ф осф ора и азота в растения, лучш е их  
обеспечивая питательными элементами в ранних стадиях развития.

В луговы х опытах удобрение про запас как ф осф оритной мукой так и 
супертомасшлаком было более эффективны м, чем удобрение еж егодно вноси­
мыми дозами.


