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Before the Second World War superphosphate was the most frequently
used mineral fertilizer in our country. Its effectiveness and the phosporus
supply of our soils were studied by Prof. ALEx1ius A. J. DE 'StemonD himself.

In the last decade the amount of applied fertilizers has inecreased consi-
derably in Hungary. In the years 1960—64 the phosphorus balance of our
soils was already equilibrated [11] and in the recent years it has hecome po-
sitive. In the years 1970—72, 45 - 48 kg/ha P,0; was given into the soil, on
the average, and only 25—30 kg/ha P,0; was taken up, thus the phosphorus
content of our soils increased roughly by 20 kg/ha P,0;. The problems of to
what extent phosphorus compounds accumulated in the soil are available
to crops and to what extent the phosphorus pool has to be increased in the soil,
have become of topical interest.

Numerous problems of phosphate fertilization have been illuminated by
recent research. The fate of phosphorus in soil was represented by LArsexN [18]
by the following scheme:
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The increase in the labile pool brought about by the application of
fertilizer phosphorus is only temporary, and decreases exponentially. This
decrease is best expressed as a half-life [17]. Larsex [18] showed that a
metastable form of fertilizer phosphate existed between the labile form and
the inert fraction, and this metastable phosphate was mobilized during exhaus-
tive cropping. '

The residual value of phosphate fertilizers depends both on the reaction
products formed in the soil and on the distribution and movement of added
phosphorus.

At Rothamsted and Woburn the effect of a new dressing of P was
measured on the yield of crops grown on soils with and without P residues.
In these experiments all corps gave larger vield on enriched soils than on
starved soils when new P was not given but fresh N and K were. When new
P was given, crops gave the same or almost the same yield on starved and
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enriched soils. The apparent recovery of P was 00,5 to 1%, per vear of the total
amount of P applied between 1856 and 1901 [12].

Similar regults are published by RussieLL on Sherborne soils where the
same effect was achieved by lower amounts of phosphorus fertilizers on plots
with “‘old” residues as by higher amounts on plots with “‘new” phosphorus
residues [26]. Residues had an average efficiency of about 24 per cent after
one vear, and approximately 3 per cent after seven years, compared with fresh
fertilizer phosphorus [30].

Mean percentages of ‘“fresh” superphosphate equivalents of residues
decreased from 20—409%, after 1 vear to about 10—-15% after 6 years for
different crops, on neutral soil. In contrast to these results, in a slightly cal-
careous soil vields did not decline significantly between the first and fourth
years after application [24].

Similar results have been published in many parts of the world concern-
ing the value of P residues, e.g. in Finland [13]. Germany [28, 29], USSR [15],
Australia [4 19, 20,], India [1, 5] Rhodesia [27], South-Africa [7], USA
[23, 14], and Canada [25].

The problems of nitrogen fertilization are different from those of phospho-
rus: thev result more from leaching than from fixation. So the efficiency of
N residues is influenced by all the factors which have an effect on leaching of
nitrate and on nitrification of ammonium: texture and acidity of soil, precipi-
tation, ete. [8].

Nitrogen residues can increase yvield 1) because some nitrogen applied
for but not used by the previous crop remaining in the soil is available to the
following crop; 2) because fertilizing with N increases the plant residues that
decompose in soil [8]. Sometimes the first effect is not observable, as on the
Exhaustion Land at Rothamsted [12], or does not last more than 1 year
[12, 21, 9, 16, 6, 10, 22]. The second one can be effective for 5 10 vears [8] but
it is less effective than the first one [12].

The above mentioned data show the magnitude of the effect of fertilizer
residues, but there are few data concerning the apparent recovery of fertilizers
with and without considering the effect of their residues, that is, how the
apparent recovery increases if the residual effects are taken into account.

In our experiments we studied the direct and residual effects of NPK
and P fertilizers on a chernozem-tvpe soil common in Hungary.

Experimental

The experiment was carried out in the period between 1957 and 1968 at
Martonvasar and described in detail in previous publications [2, 3]. Its original
aim was to compare the effects of FYM and mineral NPK. Treatments were:
1) unmanured; 2) FYM 150 ton/ha/12 vears; 3) mineral NPK containing the
same amount of NPK as FYM (N = 1200 kg/ha, P,0; = 870 kg/ha and K,0 =
1060 kg/ha for 12 years): 4) 1/2 FYM + 1/2 mineral NPK. There were also two
other treatments which are not discussed here. N was applied as ammonium
nitrate with calcium carbonate, P as superphosphate, and K as potassium
chloride. P and K and half of the N dose were applied in the autumn, broadcast
by hand and ploughed down, the other half was added in spring, broadcast
before drilling for maize and as topdressing for winter-wheat. FYM was cattle
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dung, applied every four years and analysed for NPK. Test Crops were maize
and winter-wheat.

The design of the experiment was 6 x 6 latin square.

The soil of the experimental field is a chernozem with forest residues.
It is a loam, the pH is hetween 7,2—7,4; the organic matter content is 2,5 —
2,8% and the AL-soluble P,0; and K,0Q amount to 3— 4 and 18— 20 mg/100 g
soil, respectively.

The yields and nutrient contents of crops as well as the apparent recov-
eries of NPK during the 12 years were described by author [2,3].

After 12 years, both FYM and mineral NPK dressings were stopped but
the measuring of yield was continued.

In the 13th year (1969) no fertilizer was applied, thus vields showed the
residual effect of NPK. In order to measure the residual effects of NPK and
PK separately, in the 14th year (1970) the plots were divided into two parts.
One half was left untreated to determine the effect of NPK residues, and to the
other half 100 kg/ha N was added to measure the residual effect of PK. The
plots were treated in the same manner in the 15th and 16th vears, as well.
The test crop was sweet Sudan grass every year.

Results and discussion

The effects and residual effects of FYM and mineral NPK applied for
12 years are shown in Tables 1 and 2. The residual effect of NPK — limited by
N — was considerable for 1969 —72. The residual effect of mineral fertilizers

Table 1

Effect of FYM and mineral NPK on the yield of maize and winter wheat
(Martonvasir, Hungary, 1957—68)

Mean yield Nutrient content
Treataent Pl s | o fee| o [ ko o
ton/ha response, 9%, kg/halyear

1. Unmanured 3.15 — 100 5.81 - | 2.10 — | 4.50 —
2. FYM 4,49 1.34 | 143 9.47 3.66 3.46 1.36 6.56 2.27
3. Min. NPK 4.83 | 1.68 153 11.19 5.38 3.85 1.75 8.16 3.57
4. 1/2 FYM + 1/2 min

NPK 4.67 1.52 148 10,26 4.45 3.70 1.60 7.92 3.13

FYM = 60 tonjha/4 years with 400 kg N, 292 kg P,0;, 352 kg K,0.
Mean mineral fertilizer doses = 100 kg N, 73 kg P,0;, 88 kg K,0 every year.
D = difference.

was somewhat larger and higher in per cent of the accumulated direct effect
of 12 years than that of FYM. Table 2 shows similar effects for 1970 - 72. The
residual NPK effects are much less than in 1969 72, This is due to the rather
large residual effects in 1969 which decreased in the second and third years
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Tuble 2
Residual effect of FYM and mineral NPK (Martonvasar, Hungary)

A, Yield of Sudan grass, hay at 869, dry matiter, ton/ha
, Eifect of NPK residues Effect of NPK residues Effect of P/K residues o
Trestment 196972 1870 - 72 1970 72
tonfha D % ton/ha ‘ D, | % ton/ha | L, | % | D, ~D,
1. Unmanured 5.31 — 100 4.84 — 100 8.54 - 100 —
2. FYM 6.46! 1.15 122 3.32 048 110 10.62 1 2.08 125 1.60
3. Min. NPK 6.96 | 1.65 | 131 5.49 0.65| 113 10,94 2.31 128 1.66
4. /2 FYM +
-+1/2 min.
NPK 6.861 1.55 | 129 5.52 0.68| 114 10,11 1.57 | 117 0.59
LSDso, - 0.58 11 0.48 10 0.48 B 0.68
B. Nutrient content of Sudan grass, kgfha/year
N P.0, K.0 5 | Bb [ K0 ‘ & 2,0, ‘ KO |
1. Unmanured 44.8 15.5 59.9 374 | 16.3 753.5 6.1 20.0 105.9
2, FYM 516 | 24.8 114.6 | 37.8 | 23.6 8.5 80.1 33.6 | 109.5
3. Min. NPK 56.5 | 31.2 125.4 | 37.9 | 254 88.5( 101.4 42,4 | 135.4
4. 1/2 FYM -+
-+ 1/2 min,
NPK 54.4 29.8 120.7 38.8 | 24.0 87.0 94.0 38.5 122,0

and disappeared by the fourth year. This can be explained by the fact that
there was no N effect in the fourth year.

At the same time, PK residues with new N (Table 2) gave one-and-a-half
or twice as much increase than without it.

NPK uptakes show similar trends as yields. Fresh N increased not only
the N but also the P content of plants. N residues increased N uptake only in
the first year while with fresh N it was found that PK residues exerted their
effect even in the fourth year, as no deficiency of N impeded PK efficiency,
though P uptake diminished in the second, third and fourth years. This fact, as
well as plant and soil analyses — not discussed here — showed that K had
neither effect nor residual effect in this soil. For this reason, P can be considered
as responsible for the extra yields with fresh N.

Table 3 shows the apparent recoveries of nutrients for the 12 years of
fertilizer application and for the four or three years of residual effects, with and
without fresh N. The data in Table 3 indicate that the apparent recovery of N
increased by about 10%,, while that of P increased by 50—609%, with fresh
N during the four years of measuring the residual effects, in terms of the
apparent recoveries of the 12 years of fertilizer application. Without giving
fresh N, the increase of the apparent recovery of P was only the half of that
with fresh N.

In all probability, the residual effect of P does not cease to exist in the
fourth year, it lasts further on.
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Tuble 3

Apparent recovery percentage ol nutrients
(Martonvasar, 1957—72)

: Ext | Mineral Ext 12 FYM ! Hxt
Yeur FYM up:all?c \ L\u;’elriﬂ up:are 1/2 mineral | pij:‘u
1 | NPK
Nitrogen
1957 — 68 36.2 | 52.9 | 43.9
1067 —172, with N residues 38.5 | 2.3 56.8 | 3.9 47.1 3.2
1957 —72, with fresh N 41.0 4.8 58.0 | 5.1 48.7 4.8
Phosphorus
1957 — 68 18.7 24.0 21.9
1957 — 172, with N residues 24.7 6.0 31.0 7.0 28.4 (.5
1957 —72, with fresh N 28.2 9.5 36.6 126 | 33.3 11.4
Polassiumn
1957 —68 | 24.5 40.5 35.1
1957 —72, with N residues | 83.3 8.8 54.0 13.5 46.7 11.6
1957 — 72, with fresh N f 38.8 14.3 67.0 26.5 56.5 21.4

The experimental results indicate that in this soil the residues of FYM
had no larger effect than those of mineral NPK. Neither yields nor apparent
recoveries obtained with FYM were superior to those obtained with NPK.

Summary

The aim of the experiments carried on for 12 years was to compare the
effects of FYM and mineral NPK by the following treatments: 1) Unmanured:
2) FYM, 150 ton/ha/12 years; 3) Mineral fertilizers, containing the same amount
of NPK as FYM (N = 1200 kg/ha/12 years, P,0, = 870 kg/haf[12 years, and
K,0 = 1060 kg/ha/12 years) in the form of ammonium nitrate with calcium
carbonate, superphosphate, and potassium chloride; 4) 1/2 FYM + 1/2 mineral
NPK. The test crops were maize and wheat for 12 years, and Sudan erass for
the residual effect.

After 12 years dressings were stopped but vields were continually measur-
ed. In the 13th year the effect of NPK residues was measured. In the 14th
year the plots (100 m?) were divided into two parts and 100 kg/ha fresh N was
given to one half in order to measure the effect of PK residues.

The effect of NPK residues limited by N was observable in the yield
practically only in the first year, and in the nutrient uptake for 3 years. PK
residues with fresh N increased the yield much more than they did with N
residues and this was observable even in the fourth vear.

During four years after the application of dressings the residual effects
increased the apparent recovery of N by about 10%, and that of phosphorus
by 50%, in terms of the apparent recoveries of 12 years’ dressings. The residues
of FYM had no larger effect than those of mineral NPK, and did not exert it
longer.



AGROKEMIA ES TALAJTAN Tom. 23. (1974) Supplementum 91

References

[1] Arranam, T. . & Jua, M. P.: Statistical analysis and results of a series of experi-
ments to estimate the residual effect of phosphate, Indian J. Agric. Sci. 38, 605—
619. 1968,

[2] BaLra, A.: Az istéllétrdgya és a miitrigydk hatdsdnak vizsgdlata kiilémbbzd termd-
helycken tartamkisérletekben. (Investigations on the effect of farmyard manure
and mineral fertilizers at different places in long-term experiments.) In: Trégy4-
zési kisérletek 1955—64. Akadémiai kiadd. Budapest. 1968,

[8] Barra, A.: A martonvésdri istdllotrigya és miitrigya hatdsdt Osszehasonlito tartam-
kisérletek 12 éves eredményei. (12 year results of long-term experiments comparing
the effects of farmyard manure and mineral fertilizers, carried out at Martonvdsar).
Agrokémia ¢s Talajtan. 22, 101—114. 1973.

[4] CadErox, L. H. & McGowax, A, A.: Responses by pasture to current and previous
applications of superphosphate, Aust. J. exp. Agric. Anim. Husb. 9. 617—621.
1969.

[6] CEAUDRY, M. L. & Knanna, 8. 8.: Response of bajra to nitrogen and its residual
effect on barley. Fertil. News 15. 43—46, 1970. .

[6] Day Korosp, A. & SexpEcirp Krausex, Pu.: Field application of fertilizer nitro-
gen to grassland and to clover-grass mixtures. Tiddskr. PIAvL. 73. 203 —246. 1969,

[7] DEist, ., Magats, P. G. & Hevns, C. F. G.: Residual effect of basic slag, super and
rock phosphate in virgin soils. Deciduous Fruit Grower 21. (2) 79—81. 1971.

[8] (+assEr, J. K. R.: Nature and value of residual fertilizer nitrogen in soils. Techn.
Bull. 20. 114 —124. Residual value of applied nutrients. Min. Agric. Fish. Food.
London. 1971.

[9] GareLy, T. E.: Residual effects of sugar beet manuring on yield and nitrogen con-
tent of malting barley (var. Proctor). Ir. J. agric. Res. 6. 274—251. 1967.

[10] GreEwaAL, J. 3. & Kaxwag, J. 8.: Behaviour of ammonium fertilizer in soil. J. Res.
Punjab agric. Univ. 3. 345—349. 1967,

[11] GyorFFY, B.: Talajtermékenység és kemizdlds, (Soil fertility and chemicalization.)
Tudomény és Mezbgazdasdg. 3, 11—20. 1965.

[12] JouxsToN, A. E.,, Warrex, R. G. & Pexxy, A.: The value of residues from long-
period manuring at Rothamsted and Woburn, IV. The value to arable crops of
residues aceumulated from superphosphate. Rep. Rothamsted exp. Stn. 1969.
Part 2. 39—68. 1970.

[13] KaLa, A.: Residual effect of rock phosgphate and superphosphate. J. scient. agric.
Soe. Finl, 41. 82—88. 1969.

[14] Kanmprars, E. J.: Residual effect of large applications of phosphorus on high
phosphorus fixing soils, Agron, J. 59. 25—27. 1967.

[15] KaxpERa, J.: Residual effect of NK fertilizing and equivalent doses of P,0; on the
vield of red-clover hay. Polnohospodarstvo 12, 341—348. 1966.

[16] KoriTskava, [ A.: (Transformation of nitrogen fertilizers in soil and the coefficient
of their utilization by spring wheat in a field experiment using fertilizers labelled
with ®N.) (In Russ.) Agrokhimiya (2) 52—0G1. 1968.

[17] Lagrsex, 8., Guyary, D. & Surrox, C. D.: The rate of immobilization of applied
phosphate in relation to soil properties. J. Soil. Sei. 16. (1) 141— 148. 1965,

[18] Larsex, S.: Residual phosphate in soil. Techn. Bull. 20. 34—40. Residual value of
applied nutrients, Min. Agrie, Fish. Food. London. 1971.

[19] McCrELLaxD, V. F.: Superphosphate on wheat: the cumulative effect of repeated
applications on yield response. Aust. J, agric. Res. 19. 1—8. 1968.

[20] McCLELLAND, V. F.: Superphosphate on wheat: intluence of previous level of applic-
ation on current response. Aust. J. exp. Agrie. Anim, Husb. 9. 622—624. 1969.

[21] McEwex, J.: Fertilizer nitrogen and growth regulators for field beans (Vicia faba
L.) 1. The effects of seed bed applications of large dressings of fertilizer nitrogen
and the residual effects on following winter wheat. 2. The effects of large dressings
of fertilizer nitrogen, single and split applications, and growth regulators. J. agric.
Sei. Camb. 74, 61—66; 67—72. 1970.

[22] MaTrUR, B. N,, Sinch, U. B. & SHEKHAWAT, (+. 8.: Fertilizer requirements of maize
in sandy loam soils, TI. Residual effect of fertilizers applied for maize on succeeding
wheat. Indian J. Agron. 10. 183—186. 1965.

[23] Marocaa, J. E. et al.: Residual value of phosphorus fertilizer on a calcareous soil.
Agron. J. 62. 572—574. 1970.



92 H. BALLA

[24] MaTTINGLY, G. E. G.: Evaluation of phosphate fertilizers 1I. Residual value of
nitrophosphates, (Gafsa rock phosphate, basic slag and potassium metaphosphate
for potatoes, barley and swedes grown in rotation, with special reference to
changes in soil phosphorus status. J. agric. Sci, Camb. 70. 139—156. 1968.

[25] Reap, D. W. L.: Residual effects from fertilizer on native range southwestern
Saskatchewan. Can. J. Soil Sci. 49, 225—230. 1969,

[26] Russerr, R. D.: Residual phosphate experiments on the Sherborne soil series,
Techn. Bull. 20, 95—100. Residual value of applied nutrients. Min. Agric. Figh.
Food. London, 1971.

[27] Sammox, R. C.: Residual effects of phosphate and potash applied to tobacco on
granite sand. Rhodesian J. Agric. Res. 9. (2) 129—130. 1971,

[28] WerNER, W.: Untersuchungen zur Pflanzenverfiigharkeit des durch langjihrige
Phosphatdiingung angereicherten Bodenphosphats, 2. Die Verfiigharkeit von
Umwandlungsprodukten mit “defekter’” Apatitstruktur in neutralen und car-
bonathaltigen Boden, Z. PflErnihr, Bodenk. 129. 30—42. 1971,

[29] WickE, H. J.: Uber die Méglichkeit einer periodischen Diingung mit Phosphorsdure
und Kali auf dem Ackerland. A.-Thaer-Arch. 11. 1067— 1078, 1967.

[40] WirLiams, E. G. & Rerry, J. W.: Residual effects of phosphate and the relative
effectiveness of annual and rotational dressings. Techn. Bull. 20. 16— 33. Residual
value of applied nutrients. Min. Agric. Fish. Food. London. 1971.



