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Two 2-factorial field experiments were set up at the Lithuanian Institute of Agriculture in 1999—
2005. The soil was loam Endocalcari-Epihypogleyic Cambisol. Soil according to the main
properties is characterised as fertile (first trial) and moderately fertile (second trial). Results of
the investigation by managing different tillage and fertilization (according to soil status and
expected yield) systems in a 5-year crop rotation revealed that the methodology of fertiliser rate
determination and application should differ in different tillage systems and in unequal soils.

The use of pre-established agro-technological measures had a similar effect on the cha-
racter of P content changes in the arable layer of fertile soil: a regular decrease of P content
was registered. However, direct drilling leads to a most rapid and significant decrease of P
content in the arable layer as compared to traditional and reduced tillage systems in this
inherently fertile soil.

The use different fertilisation levels and application of direct drilling in both fertile and
moderately fertile soil showed a pronounced stratification of P content in different layers (P
increase in the 0—10 cm layer versus to the 10-20 cm layer).

Direct drilling with all fertilisation levels in both fertile and moderately fertile soils leads
to stratification of K content in different layers, i.e. to a marked increase in the 0-10 cm layer
versus to the 10-20 cm layer.
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INTRODUCTION

The current use of phosphate fertilizers in Europe can
be considered from two very different points of view.
First, as farmers seek to maintain the financial viability
of their farms, decreasing inputs of P fertilizers are se-
en as an option to reduce direct costs. However, such
a policy could lead to a serious decline in soil fertility
and productivity [19].

Although P is strongly adsorbed by most soils, even
in mineral soils such as those used here, significant
quantities can leach from the surface layers into the
subsoil and, if not retained, would be lost from the
profile [2, 9, 10]. Agricultural soils in Europe have re-
ceived P for many years as fertilizers or organic manu-
res and can retain much of this P in plant-available
forms for long periods of time. Thus, the effects of
withholding P may not become obvious immediately.
Equally, the risk of P transfer from land to water, or in
eroded soil, by surface runoff and by leaching, increa-
ses in excessively P-enriched soil [4, 6, 8, 9, 10, 13].

Part of Lithuanian soils (20.3%) contain very low levels
(up to 50 mg kg!) of available phosphorus in the humic
horizon; 41.5% of soils contain small amounts of phospho-
rus (51-100 mg kg™, the average amount (101-150 mg
kg™ is found in 23.3% of soils, and only few soils (15.9%)
have a sufficient level (>150 mg kg™) of phosphorus [18].

Over the last twenty-year period, a decline in phos-
phorus levels has been registered in soils having a very
low content of it (20.3%) and a decline in soils with a
sufficient (6.8%) and average (10.8%) phosphorus levels.

One of the main sources of plant nutrition is available
potassium. In soils of Lithuania, the content of available
potassium is higher than of available phosphorus. Soils with
very low levels of available potassium make up 7.6%, with
low levels 35.4%, with average levels 33.4% and over
150 mg kg (sufficient amount) 23.6% of soils [18].

In consistently and well-tilled soils, P and K are
fairly uniformly distributed in the topsoil, because tilla-
ge mixes soil and P fertiliser well [1]. In no-till sys-
tems, fertilisers are not mixed as thoroughly with soils,
and nutrients are not evenly distributed throughout the
topsoil [5, 12]. Instead, there is often a distinct vertical
stratification, with a highest nutrient content in the top
and decreasing levels with depth [1, 7].

No tillage management usually leads to P and K
stratification in soils. Both nutrients accumulate in the
soil surface — fertilizers and crop residues with soil,
limited vertical movement of P and K in most soils and
the cycling of nutrients from deep to shallow layers
through nutrient uptake by roots [3, 11, 12, 14, 15].
Furthermore, phosphorus sorption and potassium reten-
tion by soil constituents in surface layers of no-till soils
are often reduced compared with conventionally tilled
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soils. There is concern that surface application and/or
shallow band application of relatively immobile nutrients
such as potassium (K) and phosphorous (P) may lead
to a substantial accumulation of these nutrients in the
surface layer and, potentially, a depletion of nutrients in
the deeper layers of soil. Stratification of these essential
nutrients may result in yield reductions, especially in
dry years [15].

Our objective was to evaluate the differences in P
and K stratification over time in unequal soils by ap-
plying different tillage — fertilisation systems in the cen-
tral part of Lithuania.

MATERIALS AND METHODS

Site and soil description. The study site is located at
the Lithuanian Institute of Agriculture, Dotnuva (LIA).
Two field experiments were set up in July 1999. The
soil is an Endocalcari—Epihypogleyic Cambisol. Table 1
presents high and moderate fertility soil characteristics
of the site.

Experimental design. The field experiment consis-
ted of four replicates of a randomized split-plot design.
Each replicate included three tillage treatments as main
plots (Factor A), which were split into three subplots
with different mineral fertiliser application rates (Factor
B). Table 2 shows the tillage and fertilisation treatments.

Crop rotation: 1) winter wheat (7riticum aestivum L.)
cv ‘Sirvinta’; the yield expected for this crop was
5.5 Mg ha! with moderate fertiliser rates and 7.0 Mg ha’!
with high fertiliser rates; 2) sugar beet (Beta vulgaris
L., var. saccharifera) cv ‘Millenium’, the yield expected
for this crop was 45 Mg ha' with moderate fertiliser
rates and 55 Mg ha'! with high fertiliser rates; 3) spring
wheat (Triticum aestivum L.) cv ‘Munk’; the yield ex-
pected for this crop was 4.5 Mg ha' with moderate
fertiliser rates and 6.0 Mg ha' with high fertiliser rates;
4) spring barley (Hordeum vulgare L.) cv ‘Luoké’; the
yield expected for this crop was 4.0 Mg ha’! with mo-
derate fertiliser rates and 5.5 Mg ha! with high fertili-
ser rates; and 5) peas (Pisum sativum L.) cv ‘Profi’,
the yield expected for this crop was 4.0 Mg ha' with

Table 1. Soil plough layer characteristics of the trials at establishment

1 lentele. Dirvozemio armens charakteristika jrengiant bandymus

Trial No. / Plough layer / | Bulk density /| Clay content /|Available P /| Available K /|Total N /| Humus / | pH
Bandymo Nr. | Armens storis Tankis Fizinio molio | Judrusis P Judrusis K | Bendrasis | Humusas
cm Mg m? kiekis % mg kg mg kg N % %
1 — high
fertility soil /
nasus dirvoZemis 34 1.30 25 140 217 0.123 2.10 6.8
2 — moderate
fertility soil /
vidutiniskai
nasus
dirvoZzemis 30 1.40 26 47 131 0.108 1.60 6.2

Table 2. Field experiment design

2 lentele. Tyrimo schema

Tillage (factor A) / Zemés dirbimas

(A veiksnys)

Treatments / Variantai

CT / Tradicinis dirbimas

RT / Supaprastintas
dirbimas

NT / Tiesioginé séja

Primary tillage / Pagrindinis dirbimas

Deep ploughing (23-25 cm) /
Gilus arimas (23-25 cm)

Shallow ploughing (14-16 cm) /
Seklus arimas (14-16 cm)

No tillage / Nedirbta

Presowing tillage / PrieSs¢jinis dirbimas

Spring tine cultivation (4-5 cm) / Purenimas
kombinuotu zemés dirbimo agregatu (4—5 cm)

Spring tine cultivation (4—5 cm) / Purenimas
kombinuotu zemés dirbimo agregatu (4—5 cm)

Direct drilling / Tiesioginé séja

Fertilisation (factor B) / Tregsimas (B veiksnys)

1 Not fertilised / netresta

2 Moderate rates: NPK fertilisers according to soil properties and expected yield / Mineraliniy NPK trasuy
normos apskaiCiuotos pagal dirvozemyje esanti maisto medziagy kieki ir planuojama derliy (salyginai
vidutinés traSy normos)

3 High rates: NPK fertilisers according to soil properties and for 25-30% greater expected yield than in
treatment 2 / NPK trau normos apskaiCiuotos pagal dirvozemyje esanti maisto medziagy kieki ir
planuojama (6,0 t ha') derliy (salyginai maksimalios traSu normos)
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Fig. 1. Actual P content at trial establishment and end in arable layer (A, B) and P content changes during crop rotation in different soil
layers (C, D), %. A: 1999 — LSD,(4) = 16.01; LSD,yB) = 16.01; LSD(AB) = 27.74; 2004 — LSD,(4) = 16.24; LSD,y(B) = 16.24;
LSD,s(4B) = 28.12. B: 2000 — LSD,(4) = 6.13; LSD,(B) = 6.13; LSD(4B) = 10.61; 2005 — LSD,(A) = 10.99; LSD,(B) = 10.99;
LSDs(4B) = 19.04

1 pav. Fosforo kiekis ariamajame sluoksnyje jrengus bandymus ir juos uzbaigus (A, B) bei fosforingumo pokytis skirtinguose sluoksniuose
(C, D) per séjomainos rotacija %. Pastaba. A: 1999 — R, (4) = 16,01; R, (B) = 16,01; R (AB) = 27,74; 2004 — R (A) = 16,24; R, (B) =
16,24; R, (AB) = 28,12. B: 2000 — R (A) = 6,13; R,(B) = 6,13; R)y(AB) = 10,61; 2005 — R,;(4) = 10.99; R «B) = 10,99; R,(4AB) =
19,04
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Fig. 2. Actual K content at trials establishment and the end in arable layer (A, B) and K content changes during crop rotation in different soil

layers (C, D), %. A: 1999 — LSD,(4) = 12.84; LSD,(B) = 12.84; LSD,(AB) = 22.24; 2004 — LSD,(4) = 13.77; LSD,(B) = 13.77;
LSD,y(AB) = 23.88. B: 2000 — LSD,(A4) = 9.58; LSD,(B) = 9.58; LSD,(AB) = 16.61; 2005 — LSD,(4) = 17.52; LSD,(B) = 17.52;
LSD,(4B) = 30.35

2 pav. Kalio kiekis ariamajame sluoksnyje irengus bandymus ir juos uzbaigus (A, B) bei kalingumo pokytis skirtinguose sluoksniuose (C, D)

per séjomainos rotacija %. Pastaba. A: 1999 — R, (A) = 12,84; R,y(B) = 12,84; Ry(AB) = 22,24; 2004 — R(4) = 13,77; RyyB) = 13,77;

Ry (AB) = 23,88. B: 2000 — Ryy(4) = 9,58; R)y(B) = 9,58; R)(AB) = 16,61; 2005 — R((4) = 17,52; Ry(B) = 17,52; R{(4B) = 30,35
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moderate fertiliser rates and 5.5 M g ha! with high
fertiliser rates.

Fertilisation. During crop rotation, mineral NPK fer-
tilisers were broadcast and incorporated by shallow har-

rowing: the 1% trial — moderate rate N, P K . high
rate NP K _: the 2" trial — moderate rate N, oPossKy s
high rate N, P, K, .

Available P and K in the soil were determined by
ammonium lactate (A—L) extraction.

Statistics. Analysis of variance was performed using
ANOVA and STATENG computer programmes. Statisti-
cal indices (probability level P, LSD, the correlation
coefficient of determination R?) were calculated for tre-
atment factor A, factor B, and for their interaction. Path
coefficients were calculated for all treatment at the 0-
10 and 10-20 cm soil depth.

RESULTS

Soil P content at the experiment establishment in the
1% trial varied from 124.0 to 151.9 mg kg! and in the
2% trial from 39.9 to 50.4 mg kg (Fig. 1, A and B).
According to Lithuanian soil classification system, the
1% trial is referred to a very high soil phosphorous group
and the 2™ trial to a moderate soil phosphorous group.
During a 5-year crop rotation, soil P content in the 1*
trial decreased and varied from 95.5 to 127.3 mg kg,
while in the 2" trial it increased and varied from 44.2
mg kg'to 83.8 mg kg

Tillage influenced changes in soil mobile P content
during crop rotation (Fig. 1, C and D). In the I* trial,
in the tillage system CT in the 0-10 cm soil layer,

P content decreased by 15% and in the 10-20 cm layer
by 22%. In the tillage systems RT and NT the de-
crease reached, respectively, 17 and 16%, 26 and 21%.
In the 2" trial, in the system CT in the 0-10 cm soil
layer P content increase by 64% and in the 10-20 cm
layer by 31%. In the tillage systems RT and NT, the
increase reached, respectively, 46 and 17%, 63 and 6%.
The increase of rates of mineral fertilisers determined
the decrease of soil P content in the 1% trial, while the
effect of fertilisers in the 2™ trial showed an opposite
result, i. e. after long-term application of mineral fertili-
sers there was registered an increase of soil P content.
Soil K content at the experiment establishment in the
I* trial varied from 206.5 to 215.0 mg kg™ and in the
2% trial from 102.5 to 140.7 mg kg (Fig. 2, A and B).
According to the Lithuanian soil classification system,
the 1% trial is referred to a high soil potassium group
and the 2™ trial to a moderate soil potassium group.
During a 5-year crop rotation, soil K content in the 1%
trial decreased and varied from 171.4 to 202.5 mg kg'. In
the 2M trial, in the tillage systems CT and RT, it decreased
as well and varied from 99.0 to 133.0 mg kg™, while in
the tillage system NT soil mobile K content marginally
increased and varied from 124.7 to 166.4 mg kg™
Tillage influenced changes in soil mobile K content
during the crop rotation (Fig. 2, C and D). In the I*
trial, in the tillage system CT in the 0-10 cm soil layer,
K content decreased by 16% and in the 10-20 cm la-
yer by 24%. In the tillage systems RT and NT the
decrease reached, respectively, 18 and 28%, 12 and 31%.
In the 2™ trial, in the tillage system CT in the 0-10 cm
soil layer, K content decreased on average by 6% and

Table 3. Change in P and K content ratio between 0-10 cm and 10-20 cm layers during crop rotation (%)
3 lentele. Santykio ,,P ir K kiekis 0-10 cm sluoksnyje / P ir K kiekis 10-20 cm sluoksnyje“ pokytis per rotacija (%)

Treatments / Variantai
CT-1 RT-1 NT-1 CT=2 RT-2 NT-2 CT-3 RT-3 NT-3
P

1% trial / 1 bandymas
Ratio / Santykis 1999 1.00 0.97 1.12 1.07 1.02 1.08 0.95 0.92 1.08
Ratio / Santykis 2004 1.01 0.94 0.93 1.13 0.97 0.94 0.97 0.96 0.98
Ratio change / Santykio pokytis % 1 -3 -17 6 -5 -13 2 4 -9

2™ trial / 2 bandymas
Ratio / Santykis 2000 0.93 0.90 0.99 1.17 1.02 0.92 1.05 0.97 1.00
Ratio / Santykis 2005 1.01 0.89 1.04 1.28 1.09 1.41 1.58 1.54 1.97
Ratio change / Santykio pokytis % 9 -1 5 9 7 53 50 59 97

K

1% trial / 1 bandymas
Ratio / Santykis 1999 091 0.92 0.96 0.92 0.98 0.98 0.99 091 0.97
Ratio / Santykis 2004 0.99 0.99 1.19 1.08 1.17 1.33 1.05 1.10 1.68
Ratio change / Santykio pokytis % 9 8 24 17 19 36 6 21 73

2™ trial / 2 bandymas
Ratio / Santykis 2000 0.92 0.81 091 0.95 0.86 0.74 0.90 0.93 0.87
Ratio / Santykis 2005 0.99 0.96 1.07 1.13 1.16 1.70 1.13 1.15 1.81
Ratio change / Santykio pokytis % 8 19 18 19 35 130 26 24 108
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in the 10-20 cm layer by 18%. In the tillage system
RT the increase reached, respectively, 7 and 24%. In
the tillage system NT, in the 0-10 cm soil layer, K
content increased by 28%, while in the 10-20 cm layer
it decreased by 42%.

Moderate and high rates of mineral NPK fertilisers
had no significant influence on changes of mobile K
content in soil during the crop rotation period as com-
pared to non-fertilised soil in the 1** trial. The long-
term action of fertilisers in the 2™ trial decreased the
decline of mobile K content in the 0—-10 cm layer in all
tillage systems. Application of mineral fertilisers in the
tillage system NT increased K content in the 0-10 cm
soil layer, while it had no significant influence on dec-
reasing the negative changes in the 10-20 cm layer.

Seil PK stratification. No-tillage influenced soil
phosphorus stratification in the arable layer. Change of
the ratio between P content in the 0—10 cm and P con-
tent in the 10-20 cm layers during crop rotation in the
first trial in the CT and RT systems were inessential
(Table 3). For example, at the end of the 1% trial it
differed from the initial ratio on average by 3% in the
CT system and by 1% in the RT system. P fertilisers in
this trial were absent, while the above-mentioned ratio in
the NT system during crop rotation decreased on average
by 13%. At the end of the 2™ trial the ratio between P
content in the 0—10 cm and P content in the 10-20 cm
layers differed from the initial ratio on average by 23%
in the CT system and by 22% in the RT system. In this
trial P fertilisers were used. However change of the abo-
ve-mentioned ratio in the NT system during crop rotation
was more significant and reached 52%. The implication
is that P fertilisers remained on the soil surface. This is
an unacceptable phenomenon, because a continual broad-
cast of P fertiliser without incorporation can accumulate
P and lower P sorption at the surface compared with the
deeper layers of the soil [16, 20].

No-tillage influenced soil potassium stratification in
the 0-20 cm layer. The ratio between K content in the

0-10 cm and K content in the 10-20 cm layers at the
end of the 1% trial differed from the initial ratio on
average by 11% in the CT system and by 16% in the
RT system, while the above-mentioned ratio in the NT
system during crop rotation decreased on average by
44%.

At the end of the 2" trial, the ratio between K
content in the 0—10 cm and K content in the 10-20 cm
layers differed from the initial ratio on average by 18%
in the CT system and by 26% in the RT system. Ho-
wever, change of the above-mentioned ratio in the NT
system during crop rotation was more significant and
reached 85%. The implication is that broadcasted K
fertilisers remained on the soil surface.

Crop rotation productivity. Unequal fertility soils
produced different crop yields. Overall, crop yield in
the fertile soil of the 1% trial was higher by 31.6% as
compared to yield in the 2™ trial (Table 4).

In the 1% and the 2™ trials, direct drilling (NT) produ-
ced on average 6.9% and 7.9% lower yields compared to

Fig 3. Scheme of Path coefficients (P) and paired () correlation (x,
X,, X;, X, X; — indices, which influenced the main index y)

3 pav. Taky koeficienty (P) ir porinés koreliacijos (r) schemos pavyzdys
(Cia x,, x,, X, X,, X; — poZymiai, turintys jtakos pagrindiniam rodikliui y).

Table 4. Productivity of crop rotation (metabolisable energy thous. MJ ha™)

4 lentelé. Séjomainos rotacijos produktyvumas (apykaitinés energijos tikst MJ ha™)

Tillage Fertilisation (factor B) / TrgSimas (B veiksnys)

(factor A) /

Zemés Trial 1 / 1 bandymas Trial 2 / 2 bandymas

dirbimas

(A veiksnys) not fertilised / | moderate high mean A / | not fertilised / | moderate / high mean A /

netresta rate / rate / |vidutiniSkai netresta rate rate / vidutiniskai

vidutiné | padidinta A vidutiné | padidinta A
norma norma norma norma

CT 322.76 405.75 422.08 383.53 235.02 327.17 340.39 300.86

RT 340.35 430.62 423.81 398.26 218.93 321.15 345.57 295.22

NT 310.89 370.93 409.75 363.85 188.39 301.81 33335 274.51

men B 324.67 402.43 418.55 381.88 214.11 316.71 339.77 290.20

LSD, (A) 20.803 16.135

LSD,, (B) 20.803 16.135

LSD,, (AB) 36.031 27.946
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Table 5. Direct and indirect effects of fertilisation on soil PK content changes, % (y)

5 lentelé. Tiesioginiai ir netiesioginiai treSimo efektai dirvoZemio PK pokyciams % (»)

Factors / Veiksniai Correlation matrix / Koreliacija Path coefficients / 1 (xY)
Taky koeficientai
1 2 3 4 5 6 2 3 4 5 6
Tillage CT / Tradicinis zemés dirbimas

1 — P change / P pokytis (0-10) 1.00 -0.75 -0.27 0.40 0.82 0.57

2 — Soil P / Dirv. P (0-10) 1.00 0.62 -0.13 -0.57 -0.30  =0.62 0.25 0.04 —0.48 0.06 —0.75**
3 — Yield ME / AE derlingumas 1.00 0.56 —0.05 0.44 -0.38 0.40 -0.16 —0.04 —0.08  —0.27
4 — N fertiliser / N traSos 1.00 0.67 0.95 0.08 022 -0.29 0.56 -0.17  040*

5 — P fertiliser / P trasos 1.00 0.80 0.35 -0.02 -0.19 0.83 —0.15 0.82**
6 — K fertiliser / K trasos 1.00 0.18 0.17 -0.27 0.67 —-0.18  0.57*

Residual effect 0.42

1 — P change / P pokytis (10-20) 1.00 —0.83 -0.38 0.23 0.65 0.44

2 — Soil P / Dirv. P (10-20) 1.00 0.61 -0.15 -0.61 -0.34  =0.68 0.08 0.10 —0.09 —0.24 —0.83**
3 — Yield ME / AE derlingumas 1.00 0.56 —0.05 0.44 -0.41 0.13 -0.40 -0.01 0.31 —0.38*
4 — N fertiliser / N traSos 1.00 0.67 0.95 0.10 0.07 =0.71 0.09 0.68 0.23

5 — P fertiliser / P trasos 1.00 0.80 041 -0.01 —-0.48 0.14 0.58  0.65**
6 — K fertiliser / K trasos 1.00 023 0.01 -0.68 0.12 0.72 0.44*

Residual effect 0.49

1 — K change / K pokytis (0-10) 1.00 -0.35 0.05 047 0.70 0.55

2 — Soil K / Dirv. K (0-10) 1.00 0.58 -0.08 -0.54 —-0.22  -0.10 0.22 —0.01 =0.57 0.11 —0.35*
3 — Yield ME / AE derlingumas 1.00 0.56 —0.05 0.44 -0.06 0.37 0.01 -0.06 —0.22 0.05

4 — N fertiliser / N trasos 1.00 0.67 0.95 0.01 021 0.03 0.70 -0.48 047*

5 — P fertiliser / P trasos 1.00 0.80 0.06 —0.02 0.02 1.05 -040 0.70**
6 — K fertiliser / K trasos 1.00 0.02 0.16 0.03 0.84 —0.51 0.55%

Residual effect 0.68

1 — K change /K pokytis (10-20) 1.00 -0.28 0.11 0.35 0.40 0.46

2 — Soil K / Dirv. K (10-20) 1.00 0.49 -0.15 -0.51 —-0.31 -0.07 0.01 0.13 0.09 -044 -0.28

3 — Yield ME / AE derlingumas 1.00 0.56 —0.05 0.44 —-0.04 0.01 -0.49 0.01 0.62 0.11

4 — N fertiliser / N trasos 1.00 0.67 0.95 0.01 0.01 -0.88 -0.12 1.34 0.35*
5 — P fertiliser / P trasos 1.00 0.80 0.04 -0.01 -0.59 —-0.18 1.13 0.40*
6 — K fertiliser / K trasos 1.00 0.02 0.01 -0.84 -0.14 1.41 0.46*
Residual effect 0.84

Tillage RT / Supaprastintas zemés dirbimas

1 — P change / P pokytis (0-10) 1.00 -0.56 —0.19 0.45 0.81 0.54

2 — Soil P / Dirv. P (0-10) 1.00 0.68 —0.16 —0.59 -0.33  -0.40 0.24 —0.08 =0.70 0.38  -0.56*
3 — Yield ME / AE derlingumas 1.00 0.48 -0.07 0.37 -0.27 035 025 -0.08 =043 -0.19
4 — N fertiliser / N trasos 1.00 0.67 0.95 0.07 0.17 0.51 0.80 —=1.10 0.44*
5 — P fertiliser / P trasos 1.00 0.80 023 -0.02 035 1.18 -0.93  0.81**
6 — K fertiliser / K trasos 1.00 0.13 0.13 049 095 -1.16 0.54*
Residual effect 0.52

1 — P change / P pokytis (10-20) 1.00 —0.68 —0.48 0.13 0.64 0.27

2 — Soil P / Dirv. P (10-20) 1.00 0.67 -0.13 -0.59 -0.32  -0.36 0.01 —0.01 =0.51 0.19 —0.68**
3 — Yield ME / AE derlingumas 1.00 0.48 -0.07 0.37 -0.24 0.02 0.02 -0.06 -0.22 -0.48*
4 — N fertiliser / N traSos 1.00 0.67 0.95 0.05 0.01 0.05 0.59 -0.56 0.13

5 — P fertiliser / P trasos 1.00 0.80 021 -0.01 0.03 0.87 048  0.64**
6 — K fertiliser / K trasos 1.00 0.12 0.01 0.05 0.70 -0.60 0.27

Residual effect 0.60

1 — K change / K pokytis (0-10) 1.00 —0.34 —0.04 0.29 0.44 0.37

2 — Soil K / Dirv. K (0-10) 1.00 0.63 -0.15 -0.60 -0.33  =0.16 0.04 0.04 —0.13 -0.13 -0.34
3 — Yield ME / AE derlingumas 1.00 0.48 -0.07 0.37 —-0.10 0.06 -0.14 —0.02 0.15 —-0.04
4 — N fertiliser / N trasos 1.00 0.67 0.95 0.02 0.03 -0.30 0.15 0.38 0.29

5 — P fertiliser / P trasos 1.00 0.80 0.10 —0.00 —-0.20 0.22 0.32 0.44*
6 — K fertiliser / K trasos 1.00 0.05 0.02 -0.28 0.18 0.40 0.37*
Residual effect 0.88
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Table 5 (continued)
5 lentelé¢ (tesinys)

1 — K change /K pokytis (10-20) 1.00 —0.11 -0.17 0.03 0.19 0.04

2 — Soil K / Dirv. K (10-20) 1.00 0.51 -0.23 —0.69 —0.43 0.23 —0.11 —0.04 =0.33 0.14 -0.11

3 — Yield ME / AE derlingumas 1.00 0.48 -0.07 0.37 0.12 =0.21 0.08 -0.03 -0.12  -0.17
4 — N fertiliser / N trasos 1.00 0.67 0.95 -0.05 -0.10 0.17 0.32 -0.30 0.03

5 — P fertiliser / P trasos 1.00 0.80 -0.16 0.01 0.11 0.48 -0.26 0.19

6 — K fertiliser / K traSos 1.00 -0.10 —-0.08 0.16 0.38 —0.32 0.04

Residual effect 0.95

Tillage NT / Tiesioginé séja i raZziena

1 — P change / P pokytis (0-10) 1.00 -0.67 -0.16 0.50 0.90 0.67

2 — Soil P / Dirv. P (0-10) 1.00 0.61 -0.13 -0.57 -0.30  —0.02 —0.13 0.06 —0.38 —0.22 —0.67**
3 — Yield ME / AE derlingumas 1.00 0.58 0.04 0.46 -0.01 -0.21 -0.29 0.03 0.33 -0.16
4 — N fertiliser / N trasos 1.00 0.67 0.95 0.01 -0.12 -0.51 0.45 0.67 0.50*
5 — P fertiliser / P trasos 1.00 0.80 0.01 -0.01 -0.34 0.67 0.57  0.90**
6 — K fertiliser / K traSos 1.00 0.01 -0.10 -0.48 0.54 0.71  0.67**
Residual effect 0.35

1 — P change / P pokytis (10-20) 1.00 —0.54 -0.34 0.08 0.57 0.25

2 — Soil P / Dirv. P (10-20) 1.00 0.65 -0.13 —0.58 —-0.29 0.03 -0.12 0.09 =041 -0.13 -0.54*
3 — Yield ME / AE derlingumas 1.00 0.58 0.04 0.46 0.02 -0.19 -0.40 0.03 020 -0.34*
4 — N fertiliser / N traSos 1.00 0.67 0.95 —0.00 —0.11 =0.70 0.48 0.41 0.08

5 — P fertiliser / P trasos 1.00 0.80 -0.02 -0.01 —0.47 0.71 0.35 0.57*
6 — K fertiliser / K traSos 1.00 —-0.01 —0.09 =0.66 0.57 0.44 0.25

Residual effect 0.70

1 — K change / K pokytis (0-10) 1.00 —0.70 —0.15 0.44 0.65 0.58

2 — Soil K / Dirv. K (0-10) 1.00 0.54 -0.15 -0.57 -0.33  =0.46 —0.05 0.03 -0.01 -0.21 —-0.70
3 — Yield ME / AE derlingumas 1.00 0.58 0.04 0.46 -0.25 -0.10 -0.10 0.00 0.29 -0.15
4 — N fertiliser / N trasos 1.00 0.67 0.95 0.07 -0.06 -0.17 0.01 0.59 0.44*
5 — P fertiliser / P trasos 1.00 0.80 0.26 —0.014-0.11 0.01 0.50  0.65**
6 — K fertiliser / K traSos 1.00 0.15 —-0.05 -0.16 0.01 0.62 0.58%*
Residual effect 0.61

1 — K change /K pokytis (10-20) 1.00 042 030 -0.11 -0.11 -0.10

2 — Soil K / Dirv. K (10-20) 1.00 0.53 -0.15 -0.56 —0.30 040 025 0.15 -0.24 —0.13 0.42%*
3 — Yield ME / AE derlingumas 1.00 0.58 0.04 0.46 021 0.46 -0.60 0.02 0.20 0.30

4 — N fertiliser / N traSos 1.00 0.67 0.95 -0.06 0.27 =1.03 0.29 0.42 -0.11

5 — P fertiliser / P trasos 1.00 0.80 -0.22 0.02 -0.69 043 0.35 -0.11

6 — K fertiliser / K traSos 1.00 -0.12 0.21 =0.97 0.34 0.44 -0.10
Residual effect 0.81

Notes: * and ** show data significance at P <0.05 and P <0.01, respectively; bold — direct effect, underline — dominating effect;
P and K changes — in %, soil P and K — in mg kg!; yield ME — in thousands MJ ha™'; NPK fertilisers — in kg ha'.
Pastabos: * ir ** duomenys patikimi, esant P < 0,05 ir P < 0,01 tikimybei; paryskinta — tiesioginis efektas; pabraukta — vyraujantis
efektas; P ir K pokygiai idreiksti %; dirvozemio P ir K — mg kg''; AE derlius — tikst. MJ ha™'; NPK trafos — kg hal.

CT and RT tillage systems, respectively. Increased fertilisa-
tion rates influenced the further successive increase of yield.

Tillage and fertilisation effects on soil PK status.
Tillage and fertilisation created different soil conditions
which in turn influenced soil PK content and its changes.
A usual regression analysis could not reveal a statistical-
ly clear relationship between the indices. For a deeper
evaluation of the experimental data, the Path method of
statistical analysis was implemented (Fig. 3). This met-
hod showed the after-effect of individual factors on soil
PK, revealed a clearer causality of these after-effects and
the degree of influence of all factors on PK (Table 5).
Reciprocity of different factors and an after-effect of one

factor on another gave the final result, i. e. a view of a
substantial influence of tillage and fertilisation on soil
PK status. The correlation coefficient (sum total of the
effects) showed the strength of this influence.

The primary status of soil P had a direct effect on
mobile P changes in the 0—10 cm layer in the CT tillage
system during crop rotation (Path coefficient —0.617).

The higher the P content in this layer was registe-
red, the less were the negative changes during rotation.
In the RT tillage system this effect was rather pronoun-
ced but not dominating (Path coefficient —0.401).

Under the effect of P fertiliser, the negative changes
of soil P content tended to decrease. In the NT tillage
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system, the primary status of soil P had mostly a slight
and direct effect on mobile P changes in the 0—10 cm
layer and was not dominating (Path coefficient —0.016).
The rates of P fertiliser conditioned changes of mobile
P content in the 0-10 cm soil layer.

The primary status of soil P had a direct effect on
mobile P changes in the 10-20 cm soil layer in the CT
tillage system during crop rotation (Path coefficient
—0.677). The higher P content was determined in this
layer, the less were the negative changes during rota-
tion.

In the RT tillage system this effect was rather pro-
nounced but not dominating (Path coefficient —0.361).
Under the effect of P fertiliser the negative changes in
soil P content tended to decrease. In the NT tillage
system the primary status of soil P had the slightest
direct effect on mobile P changes in the 10-20 cm soil
layer, and it was not dominating (Path coefficient 0.035).
The amount of P fertiliser conditioned changes in mo-
bile P content in the 10-20 cm soil layer.

The negative changes in soil mobile K in the CT
and RT tillage systems depended on soil primary K
status. The higher K content in all arable layer was
registered, the less negative changes during rotation we-
re revealed. The primary status of soil K had no direct
effect on mobile K changes in the 0—-10 cm soil layer
in the CT tillage system during crop rotation (Path co-
efficient —0.104). In the RT tillage system this effect
was direct and dominating (Path coefficient —0.160). In
the NT tillage system the primary status of soil K had
the slightest direct and dominating effect on mobile K
changes in the 0-10 cm layer (Path coefficient —0.456).
The higher K content in the 0-10 cm layer was regis-
tered, the less negative changes during rotation were
determined.

The primary status of soil K had no direct effect on
mobile K changes in the 10-20 cm layer in the CT
tillage system during crop rotation (Path coefficient
—0.075). In the RT tillage system this effect was no
direct and dominating (Path coefficient 0.232). In the
NT tillage system, the primary status of soil K had the
slightest direct and dominating effect on mobile K chan-
ges in the 10-20 cm soil layer (Path coefficient 0.395),
and this effect was different than in CT and RT tillage
systems. The higher was K content in the 10-20 cm
layer, the higher negative changes during rotation were
registered.

A very interesting and complicated action of mineral
NPK fertilisers and their influence on soil mobile P
changes (on soil mobile K changes too) was determined
in these field trials. An increase of mineral NPK rates
affected the decrease of soil P and K content in the
0-10 and 10-20 cm layers. Of course, the increase of
fertilisation rates determined an increase of total crop
rotation productivity and removal of nutrients from soil
with yield as well. However, the correlation between
the yields of crop rotation and soil PK content changes
was not significant. This shows that the rates of mineral

NPK fertilisers in a direct drilling system should be
higher than in plough-based tillage.

CONCLUSIONS

1. The pre-established agro-technological measures had
a similar effect on the character of P content changes in
the arable layer of fertile soil: there was registered a
regular decrease in P content. However, direct drilling
led to a fast and great decrease in P content in the
0-10 cm soil arable layer compared to traditional and
shallow ploughing tillage systems on an inherently fer-
tile soil.

2. Different fertilisation rates in combination with
direct drilling on moderately fertile soil resulted in a
pronounced P content stratification in different soil la-
yers: P increase in the 0—10 cm arable layer as compa-
red with the 10-20 cm one.

3. Direct drilling in combination with different fer-
tilisation rates on both fertile and moderately fertile soils
led to K stratification in different soil layers: a marked
increase in the 0-10 cm arable layer as compared with
the 10-20 cm one.
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ZEMES DIRBIMO IR TRESIMO JTAKA
JUDRIESIEMS PK SKIRTINGUOSE VIDURIO
LIETUVOS DIRVOZEMIUOSE

Santrauka
Lietuvos Zemdirbystés institute 1999-2005 m. vykdyti du dvi-
faktoriniai bandymai. DirvoZzemis (Endocalcari-Epihypogleyic

Cambisol) — lengvo priemolio giliau karbonatingas sekliai glé-
jiskas rudZemis, maisto elementy turtingas (1 bandymas) ir vi-
dutiniskai turtingas (2 bandymas). Zemés dirbimo ir tre§imo
(pagal dirvozemio savybes ir planuojama derly) tyrimai 5 na-
riy s¢jomainos rotacijoje parodé, kad trg§imo normos negali bi-
ti vienodos skirtingose zemés dirbimo sistemose ir skirtingo na-
Sumo dirvozemiuose.

Augaly maisto medziagy turtingame dirvozemyje naudotos
agronominés priemonés turéjo panasia jtaka viso armens fosfo-
ringumo poky¢iams: nustatytas nuoseklus fosforingumo mazé-
jimas. Taciau tiesioginé s¢ja lémé rySkesnj P kiekio visame ar-
menyje mazeéjima, palyginus su tradiciniu ar supaprastintu Ze-
meés dirbimu.

Nepriklausomai nuo tre§imo lygio, augaly maisto medzia-
gu turtingame ir vidutini§kai turtingame dirvozemiuose tiesio-
ginés s¢jos taikymas lémé fosforo ir kalio pasiskirstyma skir-
tinguose sluoksniuose: labai Zenkly $iy elementy padaugéjima
0-10 cm sluoksnyje, palyginus su 10-20 cm sluoksniu.

Raktazodziai: Zemés dirbimas, judrieji PK, trgSimas, dirvo-
Zemio naSumas

Jana deiizene, I'paxnna Kagxene, Buprunmioc ®eiiza

BJIHUSIHUE OBPABOTKH IMOYBbI U YIOBPEHHUI HA
COJAEPKAHUE NOABUXHOI'O ®OCPOPA U KAJIUS
HA PA3JIMUYHBIX MOYBAX HEHTPAJIbHOM JIMTBBI

Pesome
1999-2005 rr.
IIPOBOJMIINCE J1Ba ABYX(aKTOpHbIX ombiTa. IlouBa (Endocalca-

B JlutoBckOM HMHCTUTYTE 3eMIlefenHs B

ri-Epihypogleyic Cambisol) nepHOBO-IIeeBarast JIETKOCYTIHHIC-
Tas, Ooraras NUTaTeJbHBIMH 3JeMeHTaMH (l-blif OmBIT) U
cpenHeoOecneueHHas (2-oit ombiT). OmnbITel MO0 00paboTKe
MOYBBl M IPUMEHEHHUIO YIOOpeHUH (IO CBOMCTBaM IOYBBI U
IUIAHUPYEMOMY  YPOXKar0) B ISTUIOIBHOM  CEBOOOOpOTE
[OKa3ajgyd, 4TO HOpPMBI yJOOpeHHil He MOryT OBITh OIHMHA-
KOBBIMU IpU IPUMEHEHHH PA3JIUYHBIX CHCTEM OOPabOTKH
MIOYBBI U Pa3IMYHON HMPOAYKTUBHOCTU I10YB.

Ha nmnouBax BbICOKOW NPOLYKTMBHOCTH IPUMEHEHHE
pa3In4HbIX CHCTEM OOpaOOTKU IIOYBHI OJMHAKOBO BIUSIM Ha
bochoproro

MOCJIEN0BATCIIbHOC

HU3MCHCHUC oOecrieueHHsl MaXOTHOTO  CJIOs:

YCTQHOBIICHO CHIDKGHHE  COJepIKaHMs
nozBrkHOTO (ocdopa. OnHaKo NPSIMOIT TOCEB B CTEpHIO obec-
meynBan Oolice 3aMETHOE CHHXKEHHE comepxanus ¢ochopa
BCEro IMAaxOTHOTO CJIOSi 10 CPaBHEHHIO C TPAaJULUOHHOW U
MHHHMMAaJIbHOH 00paboTkaMu IOYB.

He3zaBucumo or ypoBHs ynoOpeHHs Ha IOuBax, OOraThIxX
NUTATCIIBHBIMU J3JICMCHTAMHU, U cpenﬂeo6ecnel{eﬂﬂmx mouBax
NPUMEHEHHE MpPSIMOro I0ceBa OOECIeYmsIo pacrpesereHue
¢docdopa n kanus B pazsAMYHBIX CIIOSX MAXOTHOTO TOPH3OHTA!
IIOBBIIICHUE COIEPXKAHUS 3THX JIEMEHTOB ObUIO OoJiee 3aMETHO
B cioe 0-10 cm, uem B cimoe 10-20 cm.

KawueBblie ciioBa: 00paboTka MOYBbI, MOABUKHBIE (HOchHop

U Kanui, ynoOpeHue, NPOIyKTHBHOCTh IOYBBI



