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Levels of soil-available P and K responses to traditional deep plough
tillage compared to three sustainable tillage systems with shallow plough-
ing to winter cereals and various combinations of ploughless tillage and
glyphosate spraying to spring cereals were investigated at three fertilisa-
tion levels in a crop rotation on sloping, nutrient-deficient agricultural
land during 1995-2000 at the Kaltinénai Research Station of the Lithua-
nian Institute of Agriculture. The soil is an Alboluvisol with sandy loam
laying over sandy loam texture.

Sustainable tillage caused weak stratification of soil P content at the
end of 4th year of experiment. Sustainable tillage decreased soil erosion
by 68-90%. In the sustainable tillage systems the fertiliser had no signi-
ficant positive influence on soil P and K changes in the 0-10 cm layer.
The sustainable tillage systems without deep soil mixing predetermined
the best positive changes of avalable P and K in the 10-20 cm soil layer.

The determinants of soil P changes in the 0-10 cm layer were pre-
sowing tillage depth and soil P losses; in the 10-20 cm layer these were
changes of soil bulk density, primary tillage depth, P offtake and soil P
losses. The determinants of soil K changes in the 0-10 cm layer were
presowing tillage depth and K offtake; in the 10-20 cm layer these were
changes of aggregation characteristics, presowing tillage depth, K offtake
and soil K losses.
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INTRODUCTION

tillage has an influence on K distribution and accu-
mulation within plough soil layers. This nutrient mig-

The hilly region in the western part of Lithuania
(Zemaiciai Upland) occupies about 14% (9,200 km2).
Lithuania is characterised as having cool and humid
climatic conditions, influenced by the proximity to
the Baltic Sea [6].

Potassium status in the soil is modified by soil-
climatic conditions and by the intensity of soil use.
The recommendations for potassium enrichment in
the soil should be based on investigations of potas-
sium status. Nowadays the decision-making is de-
pendent on the requirements for the rational appli-
cation of fertilisers.

The lower mobility of P often results in the accu-
mulation of this nutrient near the surface when fer-
tilisers are surface broadcast in reduced tillage sys-
tems. Heavy doses of fertilisers applied in multiple
cropping systems lead to the accumulation of large
amounts of P in soil [1, 7, 10, 13]. Ploughless soil
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rates into a deeper soil layer applying reduced or
no-tillage systems. In that case, its concentration is
the greatest in the crop root zone. Potassium utili-
sation reduces when no-till systems are used [1, 15].

On hilly soils susceptible to erosion, nutrients
are often insufficient for successful crop production,
and application of fertilisers is vital. P-application is
slightly greater than P-removal, but surveys in 1985—
1993 showed that 62% of soils in the whole country
had very low or low levels of P, while in the Wes-
tern part the proportion was 71% [8, 9].

For a long time in Lithuania, as elsewhere, tra-
ditional soil tillage on flat and sloping land has been
deep autumn ploughing followed by harrowing befo-
re sowing. Unfortunately, on slopes this contributes
to water erosion. At the Kaltinéenai Research Sta-
tion of the Lithuanian Institute of Agriculture, in-
tensive tillage on hilly land has been successfully
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replaced by less intensive tillage methods [4]. It was
also found that the application of fertilisers should
be differentiated according to the variation in a hilly
relief [5]. Several problems initiated field experi-
ments at the Kaltinénai Research Station. Changes
in soil management lead to soil health, quality of
food and feed alterations. Soil health can continue
to decline in areas of intensive cropping and mar-
ginal land, where sustainable management methods
are not used. It is holding steady or improving in
areas where sustainable practices have been fit to
problems of soil degradation. The impact of sustai-
nable soil management and technologies (reduced
or no-till systems with specific pest and fertiliser
application) must be investigated. Soil health trends
can develop first of all through scientific investiga-
tions of soil chemical and physical properties. The
integrated effects of the factors that comprise diffe-
rent soil management systems were not investigated
in Lithuania. Soil management systems have both
direct and indirect effects on the quality of food
and feed. Fertiliser requirements in conventional
tillage, their influence on the quality of production
are generally investigated. It is vital to obtain data
on fertiliser requirements in reduced-tillage and no-
till systems.

The aim of the current work was to reveal soil-
available P and K changes depending on different
tillage and fertilisation systems on the slope of a
hill of morainic landscape in Western Lithuania
during a four-course crop rotation. Such investiga-
tions have not been carried out in Lithuania befo-
re. We do not present the results and their detailed
comments of a fifth-course crop.

2. MATERIALS AND METHODS

2.1. Site and soil description. The study site is lo-
cated at the Kaltinénai Research Station on a cul-
tivated field with the typical undulating relief of Wes-
tern Lithuania (55°31' N and 22°51' E). The field
experiment was set up on a slope in July 1995. The
total area under experiment occupied 0.72 ha. The
slope was approximately 70 m in length and had an
inclination of 6° with a westerly aspect. It was weakly
eroded. The soil was an Alboluvisol according to
the FAO soil classification system [14], with sandy

loam over loam texture. Table 1 presents soil cha-
racteristics of the site.

2.2. Experimental design. The field experiment
consisted of four replicates of a randomized split-
plot design. Each replicate included 4 soil tillage
treatments as main plots (Factor A), which were
split into 3 subplots with different fertiliser appli-
cation rates (Factor B). The net size of subplots
was 115 m?% Table 2 shows the tillage and fertilisa-
tion treatments and Table 3 the fertiliser applica-
tion rates.

Before sowing, P (granular superphosphate, 20%
of P,O,) and K (potassium chloride, 60% of K,O)
fertilisers were broadcast and incorporated by shal-
low tillage. Nitrogen was given as ammonium nitra-
te (34% N). For winter wheat it was broadcast on
the soil surface in spring just after growth recom-
mencement, and for spring cereals it was broadcast
on the soil surface before emergence.

Crop rotation: 1) winter wheat (Ziiticum aesti-
vum L.) cv. ‘Moskovskaya nizkostebelnaya’; the nor-
mal yield expected for this crop was 3.0 t ha™! with
moderate fertiliser rates and 3.8 t ha” with high
fertiliser rates; 2) spring barley (Hordeum vulgare
L.) cv. ‘Auksiniai 3’; the yield expected for this crop
was 2.8 t ha ! with moderate fertiliser rates and
3.5 t ha™! with high fertiliser rates; 3) oats (Avena
sativa L.) cv. ‘Jaugila’; the yield expected for this
crop was 3.0 t ha”! with moderate fertiliser rates
and 3.8 t ha™ with high fertiliser rates; 4) spring
barley cv. ‘Auksiniai 3’; the yield expected for this
crop was 2.8 t ha ' with moderate fertiliser rates
and 3.5 t ha! with high fertiliser rates; 5) ley — red
clover (Trifolium pratense, L.) cv. ‘Liepsna’ + timothy
cv. (Phleum pratense, L.) ‘Gintaras II’.

For winter wheat primary tillage was carried out
on 15 August 1995. For spring cereals, spraying with
glyphosate and all primary tillage operations in TT,
RTGCh and AGRT treatments were finished by 1
October. During the autumn-winter period no tilla-
ge operations were carried out. Spraying with glyp-
hosate in the SGRT treatment was done 10 days
(for spring barley) and 14 days (for oats) before
sowing. Presowing tillage for all crops in all treat-
ments was done at the same day as sowing.

2.3. Analyses and calculating methods. The ap-
plication rates of mineral P and K fertilisers (Table

Table 1. Soil characteristics at the establishment of the trials (mean indices * standard errors)
Dry soil bulk density Available P Available K
Mg m (A-L) mg kg! (A-L) mg kg! LBl PHyq
0-10 cm 10-20cm [0-10cm |10-20cm | 0-10 cm |10-20 cm 0-10 cm 1020 cm | 0-10cm | 10-20 cm
1.39 £0.03 | 1.47 £0.02| 20 =8 15«7 | 14926116 =19 |2.09 = 0.32 | 2.17 = 0.30| 52+0.1| 53 0.1
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Table 2. Experimental treatments of the field trials

Factor A - tillage systems
Treatment™
Crop rotation Primary soil tillage Presowing soil tillage
TT Winter cereal Deep ploughing 22 cm Cultivation 8 cm + harrowing 5 cm
Spring cereal Deep ploughing 22 cm Cultivation 8 cm + harrowing 5 cm
RTGCh Winter cereal Shallow ploughing 15 cm Cultivation 8 cm + harrowing 5 cm
Spring cereal Glyphosate+chiselling 20 cm Cultivation 8 cm + harrowing 5 cm
AGRT Winter cereal Shallow ploughing 15 cm Harrowing with a narrow tine rotary harrow 6 cm
Spring cereal Glyphosate, no-tillage Harrowing with a narrow tine rotary harrow 6 cm
SGRT Winter cereal Shallow ploughing 15 cm Harrowing with a narrow tine rotary harrow 6 cm
Spring cereal No-tillage Glyphosate + harrowing with a narrow tine
rotary harrow 6 cm
Factor B — mineral fertilisation
Not fertilised.
2 Moderate rates: NPK fertilisers according to soil nutrient status and expected yield.
3 High rates: NPK fertilisers according to soil nutrient status and yield by 25% greater than expected.

* TT - traditional tillage system; RTGCh - reduced tillage with glyphosate in autumn and chiselling; AGRT —
reduced tillage with glyphosate in autumn; SGRT - reduced tillage with glyphosate in spring.

Table 3. Fertiliser application to cereals (kg ha™' N:P:K)*

Application to cereals™**

Treatment™* Winter wheat, Spring barley, Oats, 1998 Spring barley, overall rate of fertiliser
1996 1997 1999 during rotation

TT-2 45:125:31 87:38:35 105:43:53 134:9:36 371:215:158
TT-3 90:175:64 124:78:59 147:90:90 168:51:79 529:394:292
RTGCh-2 45:137:22 90:38:15 105:51:43 123:21:32 373:247:112
RTGCh-3 90:178:58 122:84:44 147:85:89 169:58:69 528:405:260
AGRT-2 45:130:17 89:29:22 107:48:50 132:13:45 373:220:134
AGRT-3 90:174:59 127:61:50 145:96:92 168:46:68 530:377:269
SGRT-2 45:128:23 88:35:14 112:53:56 133:13:25 378:229:118
SGRT-3 90:176:56 127:64:46 149:89:89 169:12:52 535:341:243

* Phosphorus and potassium are presented as oxides (P,O, and K,0). ** Treatments TT-1, RTGCh-1, AGRT-1 and

SGRT-1 were nofertilised. *** Ley was not fertilised.

2) were calculated according to the following for-
mula [11]:

D=(10xQxa-03xbxK)/(K xC), 1)

where D is the application rate of a fertiliser (phy-
sical weight of fertiliser, in Mg ha™'), O is the crop
yield expected (Mg ha™'), a is the amount of nu-
trient offtake in the crop (kg Mg™), b is the amount
of available nutrients (P,O, and K,O) in the soil
(mg kg'), K, is the coefficient of utilisation of avai-
lable nutrients from the soil (on average 10% for
all cereals), K, is the coefficient of utilisation of

10

nutrients from a fertiliser (on average 20%), and C
is the percentage of nutrient in a fertiliser.

The amounts of soil-available phosphorus and po-
tassium (kg ha™') were calculated using separate dry
soil bulk density (Mg m~) values for the 0-10 cm
and 10-20 cm depths:

Soil P or K kg ha” = soil P or K mg kg x
x dry soil bulk density Mg m=. 2)

Available P and K in the soil were determi-
ned by ammonium lactate (A-L) extraction [3],
humus was measured by the method of Thurin
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[18], dry soil bulk density according to Kachinsky,
the amount of soil <0.25 - >7 mm aggregates
by Savinov [17].

The coefficient for determination of soil aggre-
gation characteristics was calculated according to the
following formula [17]:

content 0.25—7 mm of soil aggregates
content of >7 mm aggregates+ content of < 0.25mm aggregates’

3)

Soil samples were taken at the establishment of
the trials (August 1995) and every year after har-
vesting. Weediness was established after the preso-
wing crop of winter wheat harvesting (1995) and
every year after harvesting.

2.4. Statistics. Analysis of variance and correla-
tion-regression analyses were performed using the
STATENG computer programme [16]. This program-
me was developed at the Lithuanian Institute of
Agriculture on the basis of the procedures descri-
bed by Brewbaker [2]. Statistical indices (probabili-
ty level P, LSD,, correlation coefficient of determi-
nation R?) were calculated for the treatment factor
A, factor B, and for their interaction. The path coef-
ficients were calculated for all treatment in the 0-
10 and 10-20 cm soil layers.

In the article are analysed changes of soil-avai-
lable P and K (not P,O, and K ,O), changes of soil
physical properties, changes of humus and weedi-

ness. The initial data (at trial establishment) and
final data are presented in the figures.

2.5. Climatic conditions. The winter of 1995-1996
was cooler and drier than usual. The spring was
late. The vegetation period was drier than usual al-
so. June and July in 1997 were dry and warm. The
amount of precipitation during these months rea-
ched only 53.3% of that described as a long-term
annual level. 1998 was unusually wet. The amount
of precipitation in the June-August period was by
55.6% greater than a long-term one. In 1999, the
vegetation period was warm, but precipitation defi-
cit occurred in May and July. The precipitation re-
ached only 73% of the long-term annual level.

3. RESULTS

3.1. Changes of soil available P and K amount. Soil-
available P at trial establishment varied from 24 to 32
in the 0-10 cm and from 19 to 25 kg ha' in the 10-
20 cm layer. Soil-available K at trial establishment
varied from 196 to 225 in the 0-10 cm and from 146
to 181 kg ha' in the 10-20 cm layer. Changes of soil
P in plough layer (0-20 cm depth) with all tillage treat-
ments without fertilisers were not significant. Appli-
cation of moderate and high rates of fertilisers with
all tillage treatments increased soil P levels in this
layer.

A more significant increase with all tillage treat-
ments was found in the layer of 10-20 cm than 0-
10 cm depth (Fig. 1). The moderate rate of fertili-

Soil available P kg/ha

no fertiliser moderate rate

W10-20cm  [@0-10cm

Soil available P

moderate rate

W10-20 cm  [@0-10cm

no fertiliser high rate

Soil available K kg/ha

AGRT

no fertiliser moderate rate

W10-20 cm [o-10cm

Soil available K

RTGCh|AGRT|SGRT

RTGCh/AGRT |SGRT| TT RTGCh/AGRT|SGRT

no fertiliser moderate rate

W10-20cm [0-10 cm

high rate

Fig. 1. Changes of soil-available P and K in 0-10 cm and 10-20 cm soil layers during crop rotation period, as affected

by tillage system and fertiliser rate
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sers did not increase the available soil P in the 0-
10 cm layer with all tillage treatments, but the higher
rate of fertilisers resulted in greatest changes in this
layer only with TT tillage treatments compared with
no fertiliser and the moderate rate. In the 10-20 cm
soil layer, an increase of available soil P under mo-
derate fertilisation was significant in all tillage tre-
atments compared with no fertiliser. The high rate
of fertiliser caused the greatest changes in this layer
under TT and SGRT tillage treatments as compa-
red to the moderate rate.

Sustainable tillage systems caused a weak strati-
fication of soil P amount at the end of the 4th year
of experiment, i.e. in the 0-10 cm soil layer a more
significant decrease and in the 10-20 cm layer a
more significant increase of P compared to TT tre-
atment were registered. Soil P amount in the 0-10
cm layer with RTGCh, AGRT and SGRT tillage
treatments reached 28-35% compared to P content
in the whole plough layer, while in TT treatment it
reached 44%.

Ley (5th year of experiment) began to unify dif-
ferences in soil P content at different layers, while
P content in the 0-10 cm layer with AGRT and
SGRT tillage treatments remained by 6-11% less
than at the oufset of experiment.

Changes of soil K in the plough layer (0-20 cm
deep) in all tillage treatments and with all fertilisa-

tion levels were not significant. More significant
changes were found at different soil depths. All til-
lage systems caused an increase in soil K level in
the 10-20 cm layer (by mean 43%) and a decrease
in the 0-10 cm layer (by mean 28%). Negative chan-
ges of this index with TT and RTGCh tillage treat-
ments in the 0-10 cm soil layer were by 8% higher
than under AGRT and SGRT treatments. Soil K
increase in the 10-20 cm layer was higher by 19%
with AGRT and SGRT than with TT and RTGCh
tillage treatments.

3.2. Soil erosion. Sustainable tillage decreased soil
erosion (Table 4). In the RTGCh tillage treatment
soil losses were by 68% less than in TT treatment.
Soil losses in AGRT and SGRT treatments were by
90% less than in TT treatment and by 68% less
than in RTGCh treatment. In RTGCh treatment, P
losses were by 69% less and K losses by 74% less
than in TT treatment. P losses with AGRT and
SGRT treatments were by 88-90% less and K los-
ses by 89-91% less than in tillage TT treatment.

3.3. Changes in soil physical properties. The TT
and RTGCh tillage systems significantly improved
soil aggregation characteristics in the 0-10 cm layer
(Fig. 2). In the 10-20 cm layer only the RTGCh
system improved these indices. Soil aggregation cha-
racteristics did not vary much with AGRT and SGRT
tillage systems in both soil layers.

Table 4. Water erosion extent and soil P and K losses in different tillage-fertilisation systems in the crop rotation
period
Treatments
Indices TT RTGCh AGRT SGRT

no fertiliser | high rate | no fertiliser | high rate | no fertiliser | high rate | no fertiliser | high rate
Dry soil 19.12 21.33 7.11 5.93 227 2.47 1.91 171
losses, t ha
Available P 8.22 9.39 2.77 2,73 0.89 1.28 0.78 0.94
loss, kg
Available K 56.98 67.19 14.22 17.79 5.92 8.23 4.74 5.93
loss, kg
_g 0.5 1,6
é R p o 155 1 —x X X X K—
g / E * * AN
g o X / E— \ \ w
5 035 X / o z \ \
g // '//X V‘X S 145 | & \ o\ .\\. k\.
g 03 X X g ¢ S X
% 0,25 ‘/ E 1,4 \. \\
5 02 é 1,35
E 1995 ‘ 1999 ‘ 1995 ‘ 1999 ‘ 1995 ‘ 1999 ‘ 1995 ‘ 1999 1995 ‘ 1999 ‘ 1995 ‘ 1999 ‘ 1995 ‘ 1999 ‘ 1995 ‘ 1999
§ TT RTGCh AGRT SGRT TT RTGCh AGRT SGRT

‘ —X—10-20 cm —e—0-10cm ‘ [ =—x=10-20cm —e—0-10cm |

Fig. 2. Changes of soil physical properties in the 0-10 cm and 10-20 cm soil layers during the crop rotation period under
different tillage systems
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The TT and RTGCh tillage systems improved soil
bulk density (Fig. 2). In the 0-10 cm soil layer, the
bulk density under TT and RTGCh treatments de-
creased from 1.46 to 1.39 Mg m>, in the 10-20 cm
layer it decreased from 1.55 to 1.43 Mg m=. The AGRT
and SGRT tillage systems evoked no significant chan-
ges in soil bulk density of both layers (LSD = 0.056
and 0.098 respectively, in the 0-10 and 10-20 cm la-
yers).

3.4. Changes of humus. Humus content at the
end of crop rotation in the 0-10 cm soil layer was
by mean 0.18% less and in the 10-20 cm depth by
0.30% less than at the outset of trial (Fig. 3). The
fertiliser did not cause changes in humus content,
but tillage influenced this process. In the both soil
layers humus content decreased under TT, RTGCh
and AGRT tillage treatments, while application of
SGRT tillage treatment saved humus content un-
changed in both soil layers.

3.5. Changes of perennial weeds amount. All the
tillage systems studied noticeably reduced weediness
over the four-course crop rotation period. The ef-
fectiveness of TT, RTGCh and SGRT tillage in an-
nihilating weeds was evident. The effectiveness of
the AGRT tillage system was weakest as compared

to the other systems (Fig. 3). The decrease of pe-
renial weeds during crop rotation in TT, RTGCh,
AGRT and SGRT tillage systems reached 79%, 87%,
42% and 73%, respectively.

3.6. P and K offtake. As only straw and grain
were analysed, we use the term P and K offtake as
distinct from uptake, which also includes P and K
in roots. We presented the overall data of a 4-year
crop rotation.

The tillage systems did not influence P offtake,
while K offtake significantly increased under AGRT
and SGRT tillage treatments. K offtake in these
treatments was by 15-21% higher than in TT treat-
ment and by 10-16% higher compared to RTGCh
treatment (Fig. 4).

P offtake during the 4 years depended on ferti-
lisation level. The moderate rate of fertilisers signi-
ficantly increased P offtake in all tillage systems.
High rates of fertilisers under RTGCh, AGRT and
SGRT tillage caused no significant changes of P
offtake as compared to moderate fertilisation. P
offtake under the TT tillage system was greatest at
a high fertilisation level. K offtake consistently and
significantly increased with increasing mineral ferti-
lisers rate in all tillage systems.
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Fig. 4. P and K offtake in the crop rotation period under different tillage systems and fertilisation rates
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4. PATH ANALYSIS

Tillage and fertilisation created different soil condi-
tions, weediness, influenced P and K offtake. Chan-
ges of soil P and K content during crop rotation
depended on the integrated action of these factors.

A usual regression analysis did not reveal a statis-
tically significant relationship between soil P and K
changes and one of the above-mentioned factors. In
many cases the correlation coefficient was low or very
low. Therefore, the evaluation of causality of soil P
and K changes was impossible. For a deeper evalua-
tion of the experiment data, the Path method of sta-
tistical analysis was employed. This method showed
the after-effect of individual factors on soil P and K
changes, made clearer the causality of these after-ef-
fects and also revealed the degree of influence of all
the factors studied on soil P and K levels (Table 5).
The integrated action of these factors caused changes
in soil-available P and K content. The interrelation of
different factors and the after-effect of one factor on
the other gave the final result, i.e. a picture of a sub-
stantial influence of tillage and fertilisation on chan-
ges of soil-available P and K content. The correlation
coefficient (total sum of effects) showed the strength
of this influence (Fig. 5).

A more significant influence on changes in soil-
available P at a 0-10 cm level had the depth of
primary and presowing tillage (» = 0.41 and 0.40,
respectively), changes of perennial weed amount du-
ring crop rotation (r = —0.51), changes of soil ag-
gregation characteristics (r = 0.42) and soil P losses
(r = 0.49). The degree of influence of the above-
mentioned indices on P changes reached 12, 12, 14,
12 and 13%, respectively. Expansion of the correla-
tion coefficients showed that direct effects of pri-
mary tillage depth, changes of perennial weediness
soil aggregation characteristics and soil P losses we-
re not strong (Path coefficients —4.05, —-0.05, 4.57,
5.02, respectively). The influence of these indices
on soil P changes developed through indirect ef-
fects (after-effect of one factor to other).

An example of expansion of the correlation coef-
ficient:

The direct effect of presowing tillage depth on soil
P changes in the 0-10 cm layer was very strong (Path
coefficient —15.09), but the other factors (especially
changes of soil bulk density) reduced this effect.

The main factors that predetermined changes of
soil P content in the 0-10 cm layer and the corre-
lation among all indices were presowing tillage depth
and soil P losses.

In accordance with all the above-mentioned com-
ments and comments in Chapter 3, we can suggest
that application of the TT and RTGCh tillage sys-
tems evoked more significant positive changes in soil
properties, best control of weeds, and these systems
(deep tillage depth) could be the best for impro-
ving P levels in the 0-10 cm soil depth in cases
when fertilisation rate is high.

A more significant influence on changes of soil-
available P in the 10-20 cm level had P offtake
(r =0.79) and mineral fertilisation (r = 0.75). The
degrees of influence of these indices on P changes
were 24% and 23%, respectively. The direct effect
of P offtake on soil P changes was strong (Path
coefficient 0.71). The direct effect of the fertiliser
was weak (Path coefficient 0.12), but some other
factors (P offtake and soil P losses) increased this
effect. The main factors that predetermined chan-
ges of soil P content in the 10-20 cm layer were
changes of soil bulk density, primary tillage depth,
P offtake and soil P losses. Hence, application of
the AGRT and SGRT sustainable tillage systems
(shallow tillage depth) could provide the best con-
ditions for positive changes of avalable P in soil at
a depth of 10-20 cm.

A more significant influence on changes of soil-
available K in the 0-10 cm level was exerted by
primary and presowing tillage depth (r = 0.47 and
0.44, respectively), initial K content at the trial out-
set (r = -0.90), changes of aggregation characteris-
tics (r = 0.47) and soil K losses (r = 0.66). The
degree of influence of these factors on K changes
were 11%, 10%, 22%, 11% and 16%, respectively.
The expansion of the correlation coefficients showed
that direct effects of primary tillage depth, basic K

Correlation between P changes in the 0-10 cm soil layer and changes of soil aggregation

characteristic
Direct effect:
Indirect effect:

14

reciprocity of soil aggregation characteristics and initial soil P content in 1995
reciprocity of soil aggregation characteristics and changes of humus

reciprocity of soil aggregation characteristics and changes of soil bulk density
reciprocity of soil aggregation characteristics and changes of perennial weediness
reciprocity of soil aggregation characteristics and primary tillage depth
reciprocity of soil aggregation characteristics and presowing tillage depth
reciprocity of soil aggregation characteristics and P offtake

reciprocity of soil aggregation characteristics and fertiliser

reciprocity of soil aggregation characteristics and soil P losses

0.42
4.56
0.07
0.03
8.99
0.03
-3.19
-12.19
0.03
-0.00
2.08

Total sum of effects 0.42
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content, changes of aggregation characteristics and
soil K losses were not strong (Path coefficients 0.53,
-1.00, -1.58 and -0.78, respectively). The influence
of these indices on soil K changes developed through
indirect effects. The direct effect of presowing tilla-
ge depth on soil K changes in the 0-10 cm layer
was very strong (Path coefficient 6.62), but some
other factors (changes of soil bulk density and of
aggregation characteristics) reduced this effect. The
predominant factors that modified changes of soil
K content in the 0-10 cm layer and a correlation
among all indices were presowing tillage depth and
K offtake. We can suggest that the application of
TT and RTGCh tillage systems provided for more
significant positive changes in soil properties, better
control of weeds, and these systems could be best
for improving K content in the 0-10 cm soil layer
depth in cases when the fertiliser rate is high.

Only primary and presowing tillage depth cau-
sed more significant changes in soil-available K in
the 10-20 cm layer (r = —0.43 and -0.43, respecti-
vely). The degree of influence were 15% and 15%.
The direct effect of primary tillage depth was weak
(Path coefficient 7.02). The direct effect of preso-
wing tillage depth was strong (Path coefficient —
13.58), but some other factors (primary tillage depth
and soil K losses) reduced this effect. The main
factors that predetermined changes of soil K con-
tent in the 10-20 cm layer were changes of aggre-
gation characteristics, presowing tillage depth, K of-
ftake and soil K losses. In accordance with all the
above-mentioned comments and comments on ex-
periment results in Chapter 3, we can suppose that
the AGRT and SGRT sustainable tillage systems
could predetermine the best soil available content
in the 10-20 cm layer.

Table 5. Determinants (x) of the soil P and K changes (y) during crop rotation
) Path coefficients )
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 10 11 | 12
Factorial effects on soil P changes in the 0-10 cm layer (y)
1. * Soil P, kg ha™! in 1995 -091 -0.03 -148 -036 -0.02 -0.08 045 0.01 -0.01 224 -0.19
2. * Changes of humus, % -0.16 -0.18 -221 -0.83 -0.01 0.65 260 0.04 -0.05 -0.05 -0.20
3. * Changes of soil bulk density, Mg m™ -0.11 -0.03 -12.17 -3.37 -0.02 396 14.88 -0.01 0.00 -3.46 -0.33
4. * Changes of aggregation characteristic 0.07 0.03 899 4.57 0.03 -3.19 -12.19 0.03 -0.00 2.08 0.42
5. Changes of perennial weeds amount -0.28 -0.05 -554 -269 -0.05 191 735 0.03 -0.01 -1.17 -0.51
6. Primary tillage depth, cm -0.02 003 11.92 359 002 -4.05 -15.05 0.01 -0.00 396 0.41
7. Presowing tillage depth, cm 0.03 0.03 12.01 3.68 0.02 -4.04 -15.09 0.01 -0.00 3.74 0.40
8. P offtake, kg ha™ -0.03 -005 092 076 -0.01 -034 =136 016 -0.10 027 0.23
9. Fertiliser, kg ha™! -0.07 -0.08 030 0.04 -0.01 -0.10 -035 0.14 -0.12 039 0.15
10. Soil P losses, kg ha™ -040 000 839 189 001 -3.18 -11.23 0.01 -0.01 5.02 0.49
Residual effect 0.13
Factorial effects on soil P changes in the 10-20 cm layer (y)
1. ** Soil, kg ha in 1995 043 0.04 -007 =074 0.01 052 0.07 -0.08 0.00 -0.18 0.01
2. ** Changes of humus, % 0.07 028 -0.09 -0.18 0.00 0.31 0.04 -0.10 -0.04 -0.51 -0.21
3. ** Changes of soil bulk density, Mg m™ 026 020 -0.12 -057 0.01 0.65 0.09 0.00 0.00 -0.62 -0.11
4. ** Changes of aggregation characteristics -0.23 -0.04 0.05 138 0.00 0.02 0.00 0.04 0.00 -0.83 0.38
5. Changes of perennial weeds amount 020 -0.05 -0.03 -0.18 002 042 0.06 013 001 -033 0.25
6. Primary tillage depth, cm -025 -0.10 0.09 -0.03 -0.01 -0.89 -0.11 0.06 0.00 111 -0.14
7. Presowing tillage depth, cm -0.27 -0.10 0.09 0.06 -0.01 -0.89 -0.11 0.06 0.00 1.05 -0.11
8. P offtake, kg ha™ -0.05 -0.04 000 0.07 000 -0.07 -0.01 071 0.10 0.08 0.79
9. Fertiliser, kg ha™! 0.00 -0.09 0.00 0.00 0.00 -0.02 0.00 0.64 012 011 0.75
10. Soil P losses, kg ha™ -0.05 -0.10 0.05 -0.82 -0.01 -0.70 -0.08 0.04 0.01 140 -0.26
Residual effect 0.30
Factorial effects on soil K changes in the 0-10 cm layer (y)
1. * Soil K, kg ha™! in 1995 -1.00 002 158 088 014 -023 =278 -0.09 020 038 -0.90
2. * Changes of humus, % 023 -0.11 090 029 0.07 -0.09 -1.14 047 -038 -0.01 0.23
3. * Changes of soil bulk density, Mg m™ -032 -0.02 496 117 011 -052 =653 030 0.02 051 -0.33
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Table 5 (continued)

1

|2|3|4|5|6|7|8|9|10|11|12

8. K offtake, kg ha
9. Fertiliser, kg ha™!

Residual effect

6. Primary tillage depth, cm
7. Presowing tillage depth, cm

10. Soil K losses, kg ha™!
Residual effect

10. Soil K losses, kg ha™!

4. * Changes of aggregation characteristics ~ 0.55 0.02 -3.66 -1.58 -0.14 042 535
5. Changes of perennial weeds amount -0.57 -0.03 226 0.93 024 -025 -3.22
044 002 -486 -125 -0.11 053 6.61
042 002 -489 -128 -0.12 053 6.62
0.09 -0.05 156 030 0.07 -0.17 =2.06
0.24 -0.05 -0.12 -0.01 0.03 0.01 0.16
049 0.00 -322 -059 -0.05 040 4.67

Factorial effects on soil K changes in the 10-20 cm layer (y)

1. ** Soil K, kg ha™! in 1995 -049 034 200 695 0.12 420 758
2. ** Changes of humus, % -021 081 453 -1.62 -0.14 -245 463
3. ** Changes of soil bulk density, Mgm= -0.16 0.58 6.35 —5.20 0.17 -5.16 10.18
4. ** Changes of aggregation characteristics —-0.27 -0.10 -2.61 12.66 -0.10 -0.15 -0.57
5. Changes of perennial weeds amount -0.08 -0.15 1.49 -1.69 073 -331 6.61
6. Primary tillage depth, cm 0.29 -0.28 -4.67 -028 -0.34 7.02 =13.55
7. Presowing tillage depth, cm 028 -0.28 -476 053 -036 7.00 =13.58
8. K offtake, kg ha™! 0.00 -0.03 1.72 026 021 -220 422
9. Fertiliser, kg ha™! 0.13 -0.25 -0.16 -0.03 0.08 0.17 -0.32

041 -030 -2.57 -799 -0.15 527 -9.58

-0.18
0.27
-0.30
-0.30
0.95
0.87
-0.18

-0.01
0.10
-0.76
-0.06
-0.79
0.88
0.87
-2.82
=2.57
0.55

-0.01
-0.09
-0.02
-0.02
-0.78
-0.85
-0.09

-0.50
-0.58
-0.05
0.00
0.20
0.04
0.04
1.69
1.85
0.19

-0.29

0.16
-0.59
-0.55

0.15
-0.08
-0.78

-8.77
-2.85
10.44

9.81
-2.70

1.39
13.90

0.47
-0.31
0.47
0.44
0.07
0.18
0.66
0.14

0.29
0.00
0.33
0.02
0.15
-0.43
-0.43
0.35
0.29
-0.27
0.35

Note. Bold — direct effect, underlined — the main determinant (dominating factor); * — factors in the 0-10 cm soil layer; ** — factors
in the 10-20 cm soil layer.
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Fig. 5. Factorial influence on soil P and K changes in the 0-10 cm (*) and 10-20 cm layers (**)
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CONCLUSIONS

1. Sustainable tillage systems caused weak stratifica-
tion of soil P content at the end of the 4th year of
experiment, ie. in the 0-10 cm soil depth a more
significant decrease was registered, in the 10-20 cm
layer a more significant increase of P compared to
TT treatment.

2. Soil K amount increase in the 10-20 cm depth
was higher on average by 19%, and the decrease in
the 0-10 cm layer was higher by 8% with AGRT
and SGRT, compared to TT and RTGCh tillage
treatments.

3. Sustainable tillage reduced soil erosion by 68—
90%.

4. The TT tillage system with a high fertilisation
rate was the best for increasing available P in the
0-10 cm soil layer.

5. The AGRT and SGRT sustainable tillage sys-
tems predetermined the best positive changes of ava-
lable P and K in the 10-20 cm soil layer.

6. The Path analysis showed the real causality of
the determinants of soil P and K changes during
crop rotation. Presowing tillage depth and soil P
losses predetermined changes of soil P amount in
the 0-10 cm layer; changes of soil bulk density, pri-
mary tillage depth, P offtake and soil P losses mo-
dified changes of soil P levels in the 10-20 cm la-
yer. The main factors that predetermined changes
of soil K levels in the 0-10 cm layer were preso-
wing tillage depth and K offtake; in the 10-20 cm
layer these were changes of aggregation characteris-
tics, presowing tillage depth, K offtake and soil K
losses.
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JUDRIUJU P IR K KIEKIO POKYCIAI VAKARU
LIETUVOS ERODUOTUOSE SLAITUOSE

Santrauka

Lietuvos zemdirbystés instituto Kaltinény bandymy stoties
eroduotuose Slaituose 1995-2000 m. nustatyta zemes dir-
bimo sistemy (tradicinés bei trijy dirvosauginiy su glifosa-
tu vasariniams javams), treSimo lygio bei dirvozemio savy-
biy jtaka judriyjy P ir K pokyciams per rotacija.

Dirvosauginiy zemés dirbimo sistemy taikymas ketvir-
taisiais tyrimo metais salygojo judriojo P kiekio diferencia-
cijq skirtinguose dirvoZzemio sluoksniuose. Dirvosauginés Ze-
meés dirbimo sistemos dirvoZzemio erozija sumazino 68-90%.
Dirvosauginése zemés dirbimo sistemose trasos neturéjo tei-
giamos jtakos judriyjy P ir K kiekio kitimui 0-10 cm sluoks-
nyje. Dirvosauginés Zemes dirbimo sistemos be gilaus dirvo-
Zzemio maiSymo lémé didziausius teigiamus judriyjy P ir K
pokycius 10-20 cm dirvos sluoksnyje.
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Vyraujantys veiksniai, nuléme judriojo P pokycius 0-
10 cm dirvos sluoksnyje, buvo prie$sejinio zemes dirbimo
gylis bei P nuostoliai del erozijos; 10-20 cm sluoksnyje —
dirvozemio tankio poky€iai per rotacija, pagrindinio Ze-
meés dirbimo gylis, P kiekis augaly derliuje ir P nuostoliai
del erozijos. Vyraujantys veiksniai, nuléme judriojo K po-
kycius 0-10 cm dirvos sluoksnyje, buvo priesséjinio zemes
dirbimo gylis bei K kiekis augaly derliuje; 10-20 cm sluoks-
nyje — dirvozemio struktiiringumo pokyciai per rotacija,
prieSsejinio zemes dirbimo gylis, K kiekis augaly derliuje
bei K nuostoliai dél erozijos.

Raktazodziai: zemes dirbimas, treSimas, javai, reljefas,
Taky analize

Hana ®eiizene, Buprunuroc Deiiza

MN3MEHEHUWUE COAEPKAHHWSA ITOABUXHBIX
OPOCPOPA U KAINA HA 3POANPOBAHHBIX
CKJIOHAX 3AMNAJHOWN JUTBBI

Pesowme

B 1995-2000 rr. na KaabTUHEHCKON OIBITHOM CTAHIIMHU
JINTOBCKOrO MHCTUTYTA 3eMJINENNS HAa 3POIUPOBAHHBIX
CKJIOHAX U3y4yaJIoCh BIIUSIHHE CUCTEM OOpPaOOTKHU MOYBBI
(TpamMIIMOHHON M Tpex BWAOB IOYBO3ALIUTHOH oOpa-
0OTKM TIOYB C IPUMEHEHNEeM IindocaTa B IIOCEBaX SPoO-
BBIX KYIBTYp), YPOBHS YAOOPEHHS M CBOMCTB ITOYBBHI
Ha M3MEHEHMEe IOABIDKHBIX (opM ¢ochopa U Kamus B
TeYeHHe POTalMU CeBOOOOpOTa.

ITpuMeHeHNe MOYBO3ALIUTHBIX CUCTEM 00pPaboOTKU
ITOYBBI B T€YEHHE UYETHIpEX JIeT 00yciaoBInBaio audde-
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pEeHIMAIINIO KOJWYeCTBa IMOABMXHOTO ¢dochopa B
PA3IUYHBIX CIOSX IOYBBI, CIOCOOCTBOBAIO CHHMXECHUIO
9po3uu MmoyBel Ha 68-90%. YaobpeHue mpu moudBo3a-
IIUTHON 0OpaboOTKe ITOYBHI HE OKA3BIBAJIO 3HAUMTENb-
HOTO BIMSHUS Ha 00BEM moaBIkHBIX Gopm P u K B
nouseHHOM cioe 0-10 cm. ITouBo3aiUTHBIE CHCTEMBI
00paboOTKH TOYBBI OOYCIOBWIM HAMOOJbIIEE MOJIOKH-
TeJIbHOE M3MEHeHne MOoABIKHBIX ¢opM P m K B crioe
10-20 cm.

VYcraHOBIEHB AOMHUHHpYIomHe (akTOpHI, OKa-
3BIBAIOIINE BIIMSIHUE HAa W3MEHEHHE COACPXKAHMUS IIO-
IBUXKHBIX (ochopa M Kajusl.

Ha comepxanne monsmkHOTo (ocdopa TOMUHHPYIO-
1iee BJIMSTHUE OKAa3bIBAIOT: B BEpXHEM cjoe mouBhl (0-
10 cMm) rayO6uHa mnpennoceBHOM oOpaOOTKH MOYBBI U
notepu ¢ocopa m3-3a spo3uu; B cimoe 10-20 cm —
W3MEHEHHE IUIOTHOCTH IIOYBBI 3a POTAIMIO, TITyOMHA
OCHOBHOM 00pabOTKM MOUBBI; KoauuecTBO ¢ocdopa,
BBIHECEHHOTO C YPOXKaeM CelIbXO3KYIbTyp, W €ro Io-
TEepPU B pe3yJbTaTe 3PO3UM IIOYB.

Ha coneprxkanue MoABMXKHOTO Kallds B BEPXHEM CJIO€
mouBkl (0-10 cMm) Goiiee Bcero BIMSIOT TIIyOWHA TIpe-
MOCEBHOM 00PaOOTKY MOYBBI 1 KOJTMIECTBO KAJIWSI, BbIHE-
CEHHOT'O C yPOKaeM CeIbXO3KYIbTYD, a B croe 10-20 cm —
M3MEHEHHE CTPYKTYPHI IIOYBHI 32 POTAIMIO CEBOOOOPOTA,
IITyOMHA TIPEATIOCEBHON 00pabOTKH MOYBHI, KOIHYECTBO
KaJus, BBIHECEHHOTO C YPOXXaeM CeIbXO3KYIbTYp, U
MTOTEPH KaJHsI B Pe3yNbTaTe 3PO3UH ITOYB.

KroueBnle cioBa: 06paboTka IOYBHI, YAOOpEHHS,
3epHOBBIC KYJIBTYpPBI, peibed, MyTeBOW aHAu3



