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Conclusions

Concerning the question of yield capacity of winidreat the organic matter content in soll
and the thickness of horizon Ap are of essentigortance in the decision making system about
the soil tillage differentiation.

The GIS cartograms allow site specific reductiontlod basic tillage depth when the
thickness of the horizon Ap is greater than 36 winich constituted 60.1 % of the total area of the
experimental field.

At the GPS points with the average organic matbetent 1.8 and 3.1 % the introduction
depths of the seeds of winter wheat were respégt8/2 and 3.7 cm (P<0.05), and the variation
coefficient of the sowing depth S % was respeqi@? and 16.9 %. This demonstrated that on the
parts of the area with the organic matter contgat 8 % and also the thickness of horizon Ap over
40 cm rolling down should be applied during thespreing soil tillage along with sowing.

The results of the variations of the penetromeggistances of soil bore witness of their
essential seasonality. The main factor of seadygnalas the moisture of soil. The significant
negative influence of increased resistance over I8 cnf (resistance being determined in
spring) of soil under the arable layer was esthblison the yield of winter wheat.

It was established that deep loosening of soilukhdbe carried out when the
penetrometric resistance of soil exceeds 600 kP& chhe local GIS map allows reduction of the
total amount of deep loosening of soil by 48 %hef ¢ntire area.
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Abstract

Experiments were conducted in 2001-2005 on sandyn|Calc(ar)i — Endohypogleyic
Luvisol on two sites. The first site’s soil was lwihigher amount of phosphorus and potassium
(available P 0.082 — 0.108, available K — 0.0 93.136 g kd), while the second site’s soil was
with lower amount of this nutrients (P 0.030 — B0K — 0.067 — 0.093 g K.

The best nitrogen balance (close to 0) was achiexezh nitrogen fertilisation rates were
adjusted according to the mineral nitrogen conitesbil in spring. When 60 t Haof manure were
applied once per crop rotation cycle, negativeogin balance was calculated only for the plots not
fertilised with nitrogen fertilisers.Nitrogen baltam was negative when crops were not fertilised
with manure and received average mineral fertibisatates or the rates calculated using balance
method, also in the case where winter wheat strag/ploughed-in once per crop rotation cycle. In
spring mineral nitrogen content in soils of plotstifised with different nitrogen fertilisation et
was quite similar. Mineral nitrogen content depehdeinly on precipitation (0-40 and 0-60 cm —
R =0.66 and 0.71)and somewhat less on air temper&R = 0.41- 0.45).
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Fertilisation efficiency in soils rich in nutrienis low, and the excess of nutrients can be
leached from soil into environment. In order toréase the risk of environment pollution, the best
solution is application of average phosphorus artdgsium fertilisation rates adjusted according to
the soil agrochemical properties and calculatechgushe balance method. When crops were
fertilised with the rates calculated using the afoentioned methods, content of these nutrients in
phosphorus and potassium rich soils almost did ai@nge or tended to decrease, while in
phosphorus and potassium poor soils content oft péaailable phosphorus and potassium
increased.
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Introduction

Productivity of agricultural crops can be improvbeg proper fertilisation. Setting of
average mineral fertilisation rates for agricultureops in Lithuania was based on the results of
fertilisation experiments and biological peculigst of particular crop. These rates are oriented
towards achievement of average yields in cases wdats on soil agrochemical properties and
plant chemical composition are not available. Frameconomical point of view, especially in
present conditions, sticking to these fertilisatiates is not always the best decision. In ordgeto
the most optimal results, these rates are modgdiszbrding to the amount of nutrients in soil:
mineral nitrogen, plant available phosphorus amaatphvailable potassium.

Researchers form different countries indicate tepeddence of agricultural crops yield
upon the amount of mineral nitrogen in soil (Kulegkaja, 1974; Bogdevich, 1981; Becker and
Aufhammer, 1982; Neetesat al.,, 1988; Mattson, 1990).

Efficiency of nitrogen fertilisers strongly depends mineral nitrogen amount in soil:
when it is very low, fertilisers are highly efficie(Pliupelyteet al., 1995; Lazauskast al., 1996;
Mengel, 1984; Vaisvila, 1996).

Lithuanian soils are grouped according to the naiheitrogen amount, and different
nitrogen fertilisation rates are set for each grofip the soil richness in nitrogen increases, the
recommended nitrogen fertilisation rate decreasakkovskaja, 1974; Vaisvila, 1996).

Amount of plant available phosphorus and potassinnsoil affects the efficiency of
mineral fertilisers too. Yet in this case a propssessment of impact of nutrients available in soil
on mineral fertilisers efficiency is necessary (Bteinsson and Jensen, 1990; Greenwood and
Karpinets, 1997; Mazvilat al.,1996; Shiekt al.,1997).

Time after time setting of agricultural crops’tfisation rates is not based on the average
rates, but calculated using a balance method takingaccount a planned yield, demand of
nutrients per unit of produce and employing theexdion coefficients for uptake of nutrients from
soil and fertilisers (Svedas, Tarakanovas, 2000).

Rather often Lithuanian growers fertilise agrictdtlucrops in crop rotation systems with
minimal nitrogen rates, and phosphorus and potasdertilisers are applied only on very
demanding crops — winter crops, hill-up cropstfysar perennial grass.

Humus amount in Lithuanian soils is low, therefaeganic fertilisers are of high
importance (Mazvilaet al., 1996; Mezals, 1997; Tripolskaja and Greimas, 199&)imal
husbandry has decreased substantially, thus lesarmé accumulated. Ploughing-in of straw is
another option for increasing of organic mattesail (Bartashevich, 1987). Yet in this field more
intensive research activities are needed. In tligkwve present the data on efficiency of winter
wheat straw as fertiliser.

Aim of research — soil agrochemical properties bathnce of nutrients in crop rotation
systems set on nutrient-rich and nutrient-poorssas affected by different crop fertilisation
systems.
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Materials and Methods

Experiment was carried out in 2001-2005 on san@mlcCalc(ar)i — Endohypogleyic
Luvisols, with higher amount of phosphorus and potassiumh(argble layer’'s pkt — 4.8 — 5.3,
available P 0.082 — 0.108, available K — 0.093138.g kg') and lower amount of this elements
(PHkci 5.6 — 6.0, P — 0.030 — 0.043 and K — 0.066 — 0gDRG").

Crop rotation system of five crops was set: perngiass of first year use, perennial
grass of second year use, winter wheat, potatmgsparley with undersown perennial grass.

Experiment was conducted using a single schemariant — not fertilised; 2 — fertilised
with PK, 3 — NP; 4 — NK, and 5 — NPK, average fsdiion rates applied, 6 — fertilisation rates
less than in Bvariant by 25% for nitrogen, by 50% for phosphaans by 40% for potassium; 7 —
fertilised only with nitrogen; 8 — the rates apglim variant 5 adjusted to the mineral nitrogen,
plant available phosphorus and potassium amougbiin 9 — fertilised with manure, fertilisation
rates calculated for the planned yield using aispeomputer programme created by A. Svedas
and P. Tarakanovas, calculation is based on balaratkod (Svedas, Tarakanovas, 2000); 10 —
NPK fertilisation rates calculated for the planngeld using balance method, nor fertilised with
manure; 11 — agricultural crops fertilised onlytwéverage rates of mineral NPK fertilisers (no
manure); 12 — winter wheat straw ploughed in togethith 1 kg of N per 100 kg of straw. Rates of
nutrients applied with incorporated straw: 19 kg loé N, 3 kg hd of P and 14 kg haof K in
phosphorus and potassium rich soils, and 15 kiydiaN, 3 kg ha of P and 11 kg haof K in
phosphorus and potassium poor soils (TableBgkides that, in 2-9 variants plots destined for
potato crop were fertilised with manure 60 T limautumn, resulting iaverage fertilisation rates
60 kg hd of N, 13 kg hd of P and 60 kg haof K.

Table 1 Average annual fertilization rates for agriculturedps in field crop rotation, kg Ha

Treatment Soil with higher amount of nutrients Soil with lomemount of nutrients
No. N P K N P K
1 0 0 0 0 0 0
2* 0 26 65 0 26 65
3* 51 26 0 51 26 0
4* 51 0 65 51 0 65
5* 51 26 65 51 26 65
6* 39 13 35 39 13 35
™ 51 0 0 51 0 0
8* 47 8 32 47 24 54
9* 29 5 24 12 20 33
10 50 6 40 26 24 51
11 51 26 65 51 26 65
12%* 51 26 65 51 26 65

* incorporated 60 t Faof manure, **uploughed winter wheat straw

Soil samples were analyzed by the following methastsl acidity (pHc) — the
electromeric; N, — colorimetrically (N-NQ — using hidrasinsulphate and sulphanilamide, Nr-NH
— using sodium phenoliate and sodium hyperchlogtelaible phosphorus and potassium — AL.
The total N in plant biomass was measured usindgd&lg method; P — in vanadate-molibdate
extraction and K — by flame photometry.

The data were processed by the method of dispeesiatysis and correlative-regressive
analysisStatistical analysis has been carried out, usingddpft Excel program.

Results

Nitrogen balance in soil was affected by amoumudfients in soil and by the method used
for calculation of mineral fertilisation rates. Migen fertilisation rates in plots located on sdth
higher amount of nutrients and not fertilised withosphorus and potassium were only by 13.5 and
5.3 kg hd, and in plots located on soil with lower amount gifosphorus and potassium —
respectively by 17.4 and 19.9 kg hhigher than the nitrogen amount in crop yield.eAfbaving
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adjusted the mineral NPK fertilisation rates acomydto the mineral nitrogen, plant available
phosphorus and potassium amount in soil, nitrogéantce was about the same in both soils — with
higher and lower amount nutrients: — 0.9 and 2.&&yrespectively. Calculation of fertilisation
rates using balance method in most cases resaliaduifficient nitrogen fertilisation (Fig.1).
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Figure 1. Nitrogen balance in the soil

Nitrogen balance was negative when crops werdartlised with manure and received
average mineral fertilisation rates or the ratdsutated using balance method, also in the case
where winter wheat straw was ploughed — in oncecpsy rotation cycle.

Mineral nitrogen amount in soils of different \amts in spring was quite similar.
According to the indices of regression equationigenal nitrogen amount depended on mineral
fertilisation less, than on air temperature (0-d0lger R = 0.45) and precipitation (0-40 and O-
60 cm — R =0.66 and 0.71) (Table 2).

Table 2 The dependence of amount of mineral nitroge the soil (y) on two decades
meteorological conditions (x)

Factors Depth, Equation y=a+bx+cx coeficients R n
cm a b c
Air temperatureOC 0-40 7,20 0,303 0,000921 0,45 60
’ 0-60 6,50 0,284 -0,00253 0,41 60
Amount of precipitation 0-40 13,07 -0,242 0,00270 0,66 60
mm. 0-60 11,95 -0,238 0,00273 0,71 60
Nitrogen fertilizers rates,  0-40 9,51 0,00377 0,0000341 0,23 60
kg ha' 0-60 8,48 0,00489 0,0000193 0,21 60

Phosphorus balance in plots fertilised with NPKifisers was positive almost in all cases;
it depended on amount of nutrients in soil andfwn method used for calculation of fertilisation
rates. Crops fertilised with average NPK ratesoitsswith higher and lower amount of phosphorus
it received (through application of mineral and orgafartilisers) respectively 23.9 and 24.4
kg ha' of phosphorus more, than the amount of phosphacasmulated in the yield (Table 3).
Even application of decreased mineral fertilisatiates on the background of manure fertilisation
resulted in excessive application of phosphorugspectively 11.3 and 11.5 kg hanore than
accumulated in plants.
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Table 3 Effect of different fertilization systems balance of available phosphorus in the soil and
its amount

Treat Soil with higher amount of nutrients Soil with lomemount of nutrients
ment Balance the amount of P in the soil Balance the amount of P indbié
No. kg hat ' 2001 2005 + kg hat ' 2001 2005 +
g kg gkdg"
1 -12 0.082 0.084 0.002 -12 0.037 0.034 -0.003
2 25 0.104 0.126 0.022 24 0.016 0.058 0.042
3 24 0.106 0.122 0.016 26 0.043 0.057 0.014
4 -1,8 0.092 0.090 -0.002 -0,9 0.031 0.038 0.007
5 24 0.108 0.129 0.021 24,4 0.030 0.056 0.026
6 11 0.090 0.104 0.014 11,5 0.032 0.039 0.007
7 -1,2 0.086 0.087 0.001 -0,7 0.034 0.037 0.003
8 53 0.096 0.102 0.006 21 0.030 0.055 0.025
9 1,8 0.108 0.105 -0.003 19 0.033 0.046 0.013
10 -8,6 0.103 0.099 -0.004 10 0.034 0.044 0.010
11 12 0.101 0.110 0.009 11 0.034 0.050 0.016
12 14 0.105 0.106 0.001 14 0.040 0.051 0.011
LSDygs 0.0137 0.0147

After adjustment of mineral NPK fertilisation ratascording to the soil agrochemical
properties, positive phosphorus balance in soih Wwigher amount of phosphorus was 5.3; and in
soil with lower amount of this element even 20.6Hd}. In case when phosphortertilisation
rates werecalculated using the balance method — 1.8 and K@!8' respectively. In the variant
where winter wheat straw was ploughed-in once pap cotation cycle and where average NPK
fertilisation was applied, phosphorus balance wastipe in both testing experimental fields, 14.2
and 14.0 kg harespectively.

After crop fertilisation with phosphorus rateswsdgd according to the soil agrochemical
properties, plant available phosphorus amountiinagth higher amount of this element was about
the same or slightly tended to decrease, argbiinwith lower amount of phosphorus it increased
by 0.025 g kg. After fertilisation with average phosphorus ratptant available phosphorus
amount in soils of plots not fertilised with manunereased both in soils with higher and lower
amount of phosphorus — by 0.009 and 0.016 §regpectively, and where manure was applied —
21 and 26 mg K{respectively. Besides that, in soils of manuréiieed plots increase of plant
available phosphorus amount by 0.014 and 0.007 'gwkas recorded even in plots fertilised with
reduced mineral fertilisation rates.

Changes of plant available phosphorus amountiiisdng the crop rotation cycle can be
calculated using the regression equations presamfeglre 2.

Changes of this element amount in soil duringciog rotation cycle strongly depended on
the balance of this element (R = 0.85 — in soihvitgher amount of phosphorus and R = 0.86 — in
soil with lower amount of this nutrient).
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Figure 2. The effect of phosphorus balance on amafumobile P in soil

In case of potassium balance the most appropriafefertilisation was achieved by application of
mineral potassium fertilisation rates adjusted ediog to the soil agrochemical properties (Table

4).

After fertilisation of crops with potassium ratedaulated using this method, the balance in
soil with higher amount of potassium was close,tar@ in soil with lower amount of this nutrient
— by 22.3 kg ha higher than the amount of potassium accumulatedrby yield. As a result of
such fertilisation, plant available potassium anmaaorsoil with higher amount of potassium almost
did not change, in soil with lower amount of potassit increased by 0.018 g kgWhen the
average NPK rates were not adjusted according @ostdil agrochemical properties, potassium
supply was by 42.0 and 31.2 kg'haigher than the amount accumulated by yield, Ardamount

of plant available potassium in soil increased 48 and 0.042 g Kg

Table 4 The effect of different fertilization syste on amount of available potassium in the soil

Soil with higher amount of nutrients

Soil with lom&@mount of nutrients

;fr?[t Balance the amount of Kin the soil Balance the amount of K in the soil
NI, kg hat 2001 2005 + kg ha" 2001 2005 +
g kg g kg®
1 -76 0.093 0.089 -0.004 -65 0.090 0.076 -0.014
2 38 0.130 0.168 0.038 34 0.078 0.119 0.041
3 -24 0.112 0.100 -0.012 -17 0.085 0.080 -0.005
4 60 0.132 0.184 0.052 42 0.089 0.125 0.036
5 42 0.132 0.177 0.045 31 0.066 0.108 0.042
6 8,1 0.105 0.123 0.018 9.2 0.075 0.083 0.008
7 -26 0.103 0.110 0.007 -22 0.086 0.087 0.001
8 1.4 0.132 0.136 0.004 22 0.081 0.099 0.018
9 0,6 0.135 0.139 0.004 7.1 0.101 0.088 -0.013
10 -46 0.120 0.125 0.005 -31 0.086 0.087 0.001
11 -22 0.119 0.128 0.009 -26 0.072 0.087 0.015
12 -6.2 0.120 0.113 -0.007 -13 0.080 0.085 0.005
LSDgs 0.0196 0.0169
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Potassium amount changes in soil can be expresseshlession equation (Figure 3). Correlation
between the changes of plant available potassiuouatmin soils with higher amount of K and
potassium balance — R = 0.93 in case of soil vaittel amount of K — R = 0.82.
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Figure 3. The effect of potassium balance on amotintobile k in the soil

Organic fertilisers supplied the soil with large amts of potassium. Application of
average potassium fertilisation rates (without mepuyNo.11), resulted in potassium supply
deficiency: by 22.2 kg Hain soil with higher amount of potassium and by 26g5ha’ in in soil
with lower amount of this nutrient, when comparedtie potassium amount accumulated by crop
yield. Single application of 60 t Haof manure per crop rotation cycle changed theupictin soil
with higher and lower amount of potassium fertilisapplied potassium amount by 42.4 and 31.2
kg ha' exceeded the potassium amount accumulated byygetth(No.5). Ploughed-in straw also
contains substantial amount of potassium, theredosimgle ploughing-in of straw during the crop
rotation cycle togethewith application of average potassium fertilisati@ies make the good
balance of potassium in soil (No.12).

Discussions

Developing countries — in order to supply more fo@dhe people — are trying to improve
the nutrients balance in soil and thus to slow ddwe decrease of soil fertility, while the
developed countries are paying more attention éoptiotection of environment, especially to the
increasing water pollution with phosphorus compcauaidd nitrates (Ishervood, 1998).

In our experiment the best nitrogen balance (ckoms®) was achieved when nitrogen
fertilisation rates were adjusted according to rtiieeral nitrogen amount in soil in spring. When
60 t ha of manure were applied once per crop rotationeynkgative nitrogen balance was
calculated only for the plots not fertilised withrogen fertilisers.

In order to increase the efficiency of nitrogentifisers and decrease environment
pollution the amount of various nutrients suppléguld meet the demand of crop. If phosphorus
and potassium poor soils are fertilised only wiitragen fertilisers, not only the crop yield is
lower, but also the leaching of nitrogen compoumiseases (Vaisvila, 1996; Gouldiregg al,
2000). Because of this reason phosphorus and potagslances are also important — there must
be an optimal amount of these elements availaldeiln

If soil is rich in nutrients, fertilisers’ efficiay is low, and the surplus might be leached
from the soil and become an environmental pollutdwdcording to the data obtained in our
experiment, the best solution in such case is tplyapverage phosphorus and potassium
fertilisation rates adjusted according to the sgiftochemical properties and calculated using the
balance method. When crops were fertilised with ridtes calculated using the aforementioned
methods, amount of these nutrients in soils witther amount of phosphorus and potassium
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almost did not change or tended to decrease, vithilghosphorus and potassium poor soils —
increased. Application of 60 t haf manure once per crop rotation cycle resultealimost perfect
phosphorus balance even in soils of plots notlifsetl with potassium fertilisers; as for potassium
— the balance was negative when the crop was rtotskd with potassium fertilisers.

After application of average NPK rates and ploagkin of winter wheat straw phosphorus
balance in soil was positive, as for nitrogen awothgsium balances — the negativity was only
partially compensated.

Conclusions

The best nitrogen balance (close to 0) was achiexesh nitrogen fertilisation rates were
adjusted according to the mineral nitrogen conitesbil in spring.

When 60 t hd of manure were applied once per crop rotationesyokgative nitrogen
balance was calculated only for the plots notlfeetil with nitrogen fertilisers.

Nitrogen balance was negative when crops were ertitised with manure and received
average mineral fertilisation rates or the ratdsutated using balance method, also in the case
where winter wheat straw was ploughed-in once pgy mtation cycle.

In spring mineral nitrogen content in soils of gldertilised with different nitrogen
fertilisation rates was quite similar. Mineral oigen content depended mainly on precipitation (O-
40 and 0-60 cm — R = 0.66 and 0.71)and somewhablesir temperature ( R = 0.41- 0.45).

Fertilisation efficiency in soils rich in nutrienis low, and the excess of nutrients can be
leached from soil into environment.

In order to decrease the risk of environment piolly the best solution is application of
average phosphorus and potassium fertilisatiors ratgusted according to the soil agrochemical
properties and calculated using the balance metWdten crops were fertilised with the rates
calculated using the aforementioned methods, coofahese nutrients in soil with higher amount
of phosphorus and potassium almost did not changended to decrease, while in soils with lower
amount of phosphorus and potassium content oktaieents increased.
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Abstract

The ecological approach to the agriculture suppartenservation of biodiversity in agro-
ecosystems. The biodiversity is a part of a welkdbeed organic system and thereby ensures more
stable yields of the crop. The diversity of vedetatwithin and around agro-ecosystem is an
important component of biodiversity. Natural plapt®vide many animal species with a habitat
and food resources. Therefore it is important t@stigate the diversity of weed and their impact
on ecological processes in crop fields, as wethrasmount and quality of the yield. It is possible
to use the same statistical methods for analyziagetation diversity of weed flora as in
phytosociology. The methods, mentioned in this palpave been used in agriculture only for last
two decades in Europe. There are no similar ingastns in Latvia. TURBOVEG is a
comprehensive database management system designégefstorage, selection, and export of
vegetation data — among them also weeds. Indivataes of Ellenberg characterize the ecological
optimum of plants concerning climatic and edaplaictdrs. Two-way indicator species analysis
TWINSPAN and software JUICE can be used for thesifieation of weed flora. Direct and
indirect ordination — CCA and DCA — can be usedfitml the main ecological factors that
determine the variation in the data set. SPSS s wimely used in nature sciences and includes
many possibilities of data analysis. MS Excel istahle for analyzing small amount of data.
Different statistical methods are characterised donalyzing vegetation data to determine their
advisability for investigations of the diversity fdbra in agriculture. To compare the results, gsin
these methods it is useful for research of weedghénfields of both systems of agriculture —
organic and conventional.

Key words
Weed flora, statistical methods, organic agriceltur

levads

Ekologiska pieeja lauksaimnigba atbalsta biolgiskas daudzveitbas saglaifanu
agroekosigimas. Ta ka biologiska daudzveitba ir dda no labi idzsvarotas organigk sistémas,
kas, darbojoties sask@ar dabas procesiem, ir naigika pret slinibam, & nodroSina stakiku
laukaugu raZu. VEetacijas daudzveidba ir noZmiga agroekosistnas un to ietver@$ vides
biologiskas daudzveitbas komponente. Zviediijvairakas apdraugtas un retas sugas tika
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