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removal of potassium by 11.31kg. Single introduttief phosphoric fertilizers decreased the
removal of potassium from 217.43 kg'h@so) to 188 kg hd with (Pyg0).

The level of the total removal of nutrients is detmed generally by the crop yields of DM of
alfalfa, and less depended on the chemical comgposit

Conclusions

Use of NPK fertilizers is the most effective influencing facion the crop yield of alfalfa, which is
cultivated for feed. With optimal doses of fertdliz (NoP1.K160), the average yield of dry matter
was 8.10 t hia

Mineral fertilizers favour the increase of the tqieotein. The most significant impact is shown by
paired combinations of NandPK fertilizers — with higher doses the increase @it@n increased
by 1.5 times.

With the application of B§P1,0K160, alfalfa removes from the soil with the yield of dnatter 226
kg ha' of N; 55 kg h& of P,Osand 271 kg hidof K,0.
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LUCERNAS RAZTBA UN KVALIT ATE VEL ENU PODZOLETA AUGSNE PIE
DAZADIEM MINER ALM ESLU LIMENIEM

Agafonova L.
Rakst apkopoti LLU a@entiras Zemkopbas ziatniska institita lucernas 5-gadie pEtjumu
rezuléti. Petjumi veikti velenu podzofta augse ar daidam NPK ngslojumu dedm.
Mineralméslojums ltiski palieliraja lucernas Zas masas razu. Pie optith NPK ngslojuma
attieabas (NoP12dK169) ieguva 8.10 t hasausnas.
Mineralmeslojums sek&ja af kopsja protana ieguvi, pie paaugstitas devas NPiooKieo,
protana ieguve palieliijas 1.5 reizes.lojot lucernu ar BhP1oK 16, i€dIta lucernas sausnas raza
no augsnes iznes N-226 kg'’h&0s — 55 kg ha un KO — 271 kg ha

THE EFFECTS OF COVER CROPS AND STRAW ON SOIL MINERA L NITROGEN
DYNAMICS AND LOSSES FROM ARABLE LAND

Arlauskiene A., Maiksteniene S.
Joniskelis experimental station of the Lithuaniastitute of Agriculture, Joniskelis, Pasvalys
district, Lithuania, LT39301, phone: +370-451-38-324, e-mpahiskelio_|zi@post.omnitel.net

Abstract

Seeking to estimate the effects of biological messuy various cover crops in combination with
different straw incorporation methods on the reidmctof soil mineral nitrogen and nitrogen
leaching complex research was conducted at theudntian Institute of Agriculture‘s Joniskelis
Experimental Station on clay loafleyic Cambisolduring the period 2062005. Undersown
legume crops during the pebfarvest period gave the largest reduction in mingteogen in the

195



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 30

soil: red clover Trifolium pratensel.) — 15.1 %, white cloverT{ifolium repensL.) and Italian
ryegrassl{olium multiflorumLamk.) mixture — 16.4 %, compared with the treathweithout cover
crops. However, having incorporated by a stubbkaker not only stubble but also straw and
having applied nitrogen fertiliser (N 45) for itsimaralization, the content of mineral nitrogen
increased by 15.2 %, compared with the treatmemrevihe plots were stubbleroken without
straw. Having incorporated straw with the additasnmineral nitrogen fertiliser, 9.2 % lower, N
content in the soil was found in the treatment whasver crop white mustar&ifapis albal.)
was sown as a pestrop. In heawtexturedCambisolin spring, higher contents ofJ\.in the soll
and filtration water were found in the treatmentheve the biomass of legume crops was
incorporated in the autumn. Having incorporategether with straw, the J\. content irnthe soil
significantly declined (9.8 %).

Key words: clay loam soil, cover crops, mineral nitrogen, aggn leaching

Introduction

Intensive agriculture where the nutritional neefiplants are met by mineral fertilisers, poses a
threat to ecological balance (Buciene, 2003). Mesearch findings suggest that-60 % of
nitrogen present in surface water is of agricultoerégin. Numerous studies have been done and
recommendations have been provided on the mostbseifertiliser forms and rates, application
timing and methods. However, research on the eaffettthe technologies used on nutrient,
especially nitrogen, immobilisation in the soileafthe harvesting of the main crops, when the soil
during the postharvest period stays without any plant cover ftorg time, is rather scanty. It was
found that intensive crop fertilisation resultsimereased N, content in the autumn (Arlauskiene
and Maiksteniene, 2005). Mineral nitrogen builp and dynamics in the soil depend on soll
texture and humus content, conditions of the grgwperiod, crop and soil management
technologies, especially fertilisers used (minewad organic), their rates and application method
(Antil et al, 2005).Seeking to reduce environmental pollution, adegsatection of preventive
measures is very important when including the eats not utilised by plants into the biological
turnover cycle. With this end in view, technologiesh cover crops that accumulate and localize
in the soil the nutrients left in the biomass a #nd of summer — during the autumn (winter)
period, and during the most intensive leaching demphat prevent the nutrients from being
leached, are widely used in Western Europe. Unldereffect of biological transformation the
incorporated biomass in the following year becotiesnutrient source for crops grown (Reents
and Moller, 2000; ThorugKristensen, 2006). However, after the incorporatibthe nitrogenrich
biomass of cover crops (especially those with aowarcarbon to nitrogen ratio), intensive
mineralization during the early spring period isgible, when the content of |\ increases and
there is a risk of its leaching into ground watéarthoferet al, 2004; Logest al, 2006). An
effective way to prevent nutrient migration intoeger layers during the autumn — is early spring
nitrogen inclusion into the soil’'s organic composantt is the incorporation of the nitrogen-rich
biomass of the cover crops into the soil togethith warbon —rich cereal straw (Dryslova and
Prochazkova, 2002). Experiments carried out in Cekngshow that the proper use of straw not
only reduces mineral nitrogen excess in the sailddso restores soil humus and increases the
stable humic matter content (Luxhatial, 2007).

The study was designed to estimate the effectamdws cover crops in combination with different
straw incorporation methods on the reduction of saineral nitrogen and nitrogen leaching
complex in clay loams.

Materials and Methods

Two analogous trials were carried out at the Lithaa Institute of Agriculture’s Joniskelis
Experimental Station during the periods: 260304 (I experiment) and 2004-2005 (Il
experiment). The soil of the northern part of Caintkithuania’s lowland isEndocalcari—
Endohypogleyic Cambischccording to texture clay loam on silty clay with deeper lying sandy
loam (p2 / m2 / p1). The soil agrochemical progsrin the 0-20 cm layer were as followsxpH
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6.4, humus content of 222 g kg', plant available P and K — 0.052 and 0.220 @ ki soil
respectively.

Experimental design:

Factor A. Winter wheatT{iticum aestivurL.) straw management methods: I. Strawemoved
from the field; Il. Straw- chopped and incorporated.

Factor B. Stubble breaking and cover crops: 1. Wtltover crop, stubble not broken; 2. Without
cover crop, stubble broken; 3. Undersown cover croped clover Trifolium pratenseL.); 4.
Undersown cover crop — mixture of white clov&rifolium repend._.) and Italian ryegrasd.¢lium
multiflorumLamk.); 5. Undersowr cover crop — white mustar&ihapis alba..) broadcastsown
into winter wheat at wax maturity stage; 6. Afteqzicover crop — white mustard diresbwn into
stubble; 7. Aftercrop cover crop — white mustanédi-sown into stubblebroken soil.

The experiment was conducted in the fallowing fotatsequence: winter wheat + cover crop;
spring barley. The effect of cover crops and stma@s monitored by growing spring barley
(Hordeum vulgareL.). Winter wheat ‘Ada’ and spring barley ‘Ula’ wee grown following
conventional technology and fertilised by N 60,8242and K 49.8. The sowing time of cover crops
was for undersown red clover and a mixture of whltever and Italian ryegrass — beginning of
April, for broadcast— undersown white mustard — end of July, for aftgpcwhite mustard —
beginning of August (the very day after the ceteaivest). According to the experimental design
the winter wheat stubble was broken by a combinezhker composed of goose feet coulters
cutting 16-12 cm soil layer, disks incorporating plant resklaed straw and bar rollers levelling
the soil surface. Various sowing methods of coveps were studied: undersowing — by drilling
perennial grasses into winter wheat in spring; @hcaat undersowing — by spreading the seeds of
white mustard at winter wheat wax maturiftercrops — by direct drilling into stubble anddrhe
surface loosened by a combined stubble breaker laiwesting. In order to adequately place the
seeds of cover crops into the clay loam soll, teelge — type coulters of temazone DBowing
machine were fitted with special additions to maldeeper furrow and to achieve better placement
of seed. The seed rate when sowing white mustatddgowing machindmazone Divas 18 kg
ha’, when sowing broadcast the rate was increase® 8%.3The seed rate of undersown red clover
was 15 kg ha, of white clover mixed with ltalian ryegrass 8 +k@ ha'. Mineral nitrogen
fertilisers (N 45) were applied after winter wheatvesting: in background straw removed from
the field (I) to white mustard and in backgroundtraw chopped and incorporated (1) for straw
mineralisation— in all treatments excluding undersown red cloved mixture of white clover and
Italian ryegrass). Soil samples for mineral nitnod@l.,,) determination were taken before the
incorporation of cover crops and straw into the aod early in spring before barley sowing from
the soil profile layer 840 cm. Mineral nitrogen (N9 NH,) was measured by the distillation and
colorimetry method (in 1 N KCI extraction). To maes nutrient leaching, wells-piezometers were
set up (depth-80 cm) after winter wheat harvesting in each bamkgd in two replications to
collect the filtration water. In water samples tReNO; content were determined by cadmium
reduction methods.

The rate of rainfall during the AuguSeptember period in 2003 accounted for 63.7 %efdhg-
term mean, however sufficient rainfall after cropeggence determined good crop establishment
and growth. In winter and early spring (2004) theeof precipitation was lower compared with the
long-term mean, as a result, the probability of nutrieathing was low. During the September
November period of 2004 after the incorporation stfaw and plant biomass, the rate of
precipitation was 43 % higher than the leteym mean. The winter of 2002005 was milder
(especially in January, when the air temperature 4/& °Chigher) than usual. However, the winter
was long and the weather became warmer only inl Apfore crop sowing. The experimental data
were processed by ANOVA and STAT ENG.

Results and Discussion

In the agrocenoses on the soils satiated with-depleting cereals cover crops during pbsirvest
period additionally accumulate organic matter ammhénic elements, better utilise the growing
season and protect the soil from degradation. @rwest amount of aboveground mass 2.55't ha
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of dry matter was produced by undersown red cloviit a longer growing season. The largest
amount of white mustard aboveground mass was foimekde plots of the treatments where the
seed was sown into stubbltiroken soil or directly sown into the stubble 2at®l 2.53 t hid of dry
matter, respectively.

Experiments carried out early in October beforeitlzerporation of cover crops into the soil show
that the content of mineral nitrogen in the uppe4@cm soil profile was on average through all
experimental treatments 0.0067 g'kéyitrate and ammonia nitrogen accounted for 45® 4.1

% of its content. On the background of straw, hg\epread mineral nitrogen fertiliser for its more
rapid mineralization, N, tended to increase (on average 1.5 %) (Table 9. Aigher mineral
nitrogen content on the background of straw wasrdehed by ammonia nitrogen. Spread on the
soil but not incorporated into the soil straw pantirotected the soil from large temperature
variations and conserved productive moisture resetlius creating favourable a climate for the
emergence and development of cover crops.

Table 1. Effect of cover crops sowing and stramgisnethods on the soil (layer0 cm) mineral
nitrogen content (g kgsoil) in autumn before the incorporation of therbass of the cover crop
(mean date from 2082004)

Straw using methods (A)
straw removed from straw chopped and

means for factor B

Cover crops and their sown methods the field incorporated
(B) N relative _ relative _ relative
E'":i number, E'":i number, E'”:i number,
g kg % gkg % g kg %

\é\:gﬂgﬁt cover crop, stubble not - 537 100 00076 1086  0.0073 100
Without cover crop, stubble broken 0.0066 94.3 P00 108.6 0.0071 97.3
Undersown cover crop — red clover 0.0060 85.7 ®006 92.9 0.0062 84.9
Undersown cover crop —mixture of 5563 g0 00058 829 00061 836
white clover and Italian ryegrass
Undersown cover crop — white
mustard broadcast—sown into winter 0.0065 92.9 0.0066 94.3 0.0066 90.4
wheat at wax maturity stage
Aftercrop cover crop — white mustard
direct—sown into stubble

Aftercrop cover crop — white mustard, 579 1043 g00gg 986  0.0071  97.3
direct—sown into stubble—broken soil

Means for factor A 0.0067 100 0.0068 101.5 0.0068

0.0070 100.0 0.0072 102.9 0.0071 97.3

LSDys (A) = 0.00030; LSI (B) = 0.00057; LSi; (AB) = 0.00080

Having incorporated cereal roots and stubble sijlat 16-12 cm by the stubble breaker, the
contents of the mineral nitrogen declined, whiakated a reduction in the mineral nitrogen content
of 5.7 %, compared with that in the treatment withbroken stubble. However, having
incorporated by a stubble breaker not only stulthle also straw and having applied nitrogen
fertiliser (N 45) for its mineralization, the conteof mineral nitrogen increased by 15.2 %,
compared with the treatment where the plots werdgbé¢—roken without straw.

Seeking to reduce nitrogen accumulation in the, sdilich increases the risk of leaching, white
mustard was sown as an aftercrop. On the backgraithdut straw having broken stubble and
having applied mineral nitrogen fertiliser for th&art growth of mustard, the content of mineral
nitrogen was the highest, its content increased.Byand 10.6 %, respectively, compared with the
check and stubbidéroken treatments. In an analogous treatment oayng incorporated straw
into the topsoil by a stubble breaker nitrogentfoincreased and there was less mineral nitrogen
in the soil. The effect of white mustard as anrafgp on mineral nitrogen content in the soll
depended on the sowing method of white mustardté\thustard undersown at cereal early wax
maturity (and having incorporated the start dosmioieral nitrogen fertiliser), was at the intensive
nutrient utilisation stage (Thoragristensen, 2006), therefore better utilised batih &d mineral
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fertiliser nitrogen and reduced,| in the soil by 7.1 %, compared with the check tresait.
However, mineral nitrogen tended to increase hagimgn mustard into stubble after harvesting,
especially in the soil where straw had been spread.

On both backgrounds undersown legumes significaimityeased the revivification of mineral
nitrogen in the soil profile. Literature sourcegligate that in autumn cover crops can reduce
mineral nitrogen content in the soil by-Z® kg ha (Farthoferet al, 2004 ). Undersown grasses
grown as cover crops have a welkveloped root system, as a result, after cergakbhting they
better utilise the nitrogen remaining in the saimpared with white mustard as an aftercrop,
moreover they do not need mineral nitrogen feeibs After the incorporation of the cover crops
biomass there was less mineral nitrogen on thedoaokd without straw where red clover was
grown, with straw — white clover and ryegrass migtuwhich made up 14.3 and 17.1 % less,
compared with the check treatment.

The mineral nitrogen content in the soil profile $pring had some effect on the nitrogen
concentration in the soil filtration water (Tablg ©n both straw utilisation backgrounds nitrate
nitrogen content in the soil filtration water wagrsficantly increased by the biomass of legume
crops incorporated in the autumn. As literaturerses indicate, nitrate nitrogen depends on the
nitrogen content accumulated in the cover cropmbgs, and according to the nitrogen content in
the soil solution the plants can be ranked in wiwing order: legumes > legume and ron
legume mixture > neAegumes (Rinnofnest al. 2005).

Table 2. Effect of cover crops and straw using m@shon the nitrate nitrogen NIO3) leaching
from the soil in spring period (mean data from 288205)
Straw using methods (A)

straw removed  straw chopped and means for factor

from the field incorporated B
Cover crops (B) relative relative relative
mgl* number, mgl* number, mgl' number,
% % %
Without cover crop 6.11 100 7.80 127.7 6.96 100
Undersown cover crop — red clover 15.50 253.7 12.0 196.4 13.75 197.6
Aftercrop cover crop — white mustard 13.1 214.4  168. 133.6 10.63 152.7
Means for factor A 11.57 100 9.32 80.6 10.44

LSDos (A) = 3.141; LSQs (B) = 4.440; LSRQs (AB) = 6.282

The use of straw for fertilisation reduced (on ager 9.8 %) nitrate nitrogen content in filtration
soil solution. Having incorporated straw, afteruege crops, the content of nitrate nitrogen in
filtration water declined by 11.3 %, white mustésd18.9 %, compared with analogous treatments
without straw. This nitrate nitrogen concentratiarsoil filtration water is not high. The data of
long—term experiments conducted in Lithuania suggest ti@ average nitrate nitrogen
concentration in lysimetric water of different soibnged from 49.2 to 83.7 mig(Tyla, 1995).

In spring after the incorporation of the cover @dpomass and straw the content of nitrogen in
heavy-textured soil at the-80 cm layer was found to be almost the same astinmran — 0.0068 g
kg™ soil or 34.0 kg ha(in average) (Table 3). The data of the trials cmted in Austria indicate
that after the cover crops incorporation, in sprihg content of mineral nitrogen markedly
increases (in the-@B0 cm layer 60 kg hd, in the 8-120 cm layer 120 kg hd) (Farthoferet al,
2004). At the beginning of the plant growing seasoneral nitrogen varied in a slightly different
way than in autumn. The greatest increase iy, Montent in the soil occurred after the
incorporation of red clover and white clover and tlyegrass mixture. This results from the fact
that during the period of autumn, winter and eayying during the breakdown of incorporated
biomass of legumes, a higher content of nitrogerleased compared with that after incorporation
of nomHegume cover crops. After red clover and white elowith ryegrass mixture, JW
increased by 18.3 and 17.5 %, straw incorporagaluced its content by 3.1 and 5.2 %, compared
with analogous data in autumn. Having incorporatea-Hegume crop — white mustard the content
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of mineral nitrogen declined on both backgroundséet for the treatment where mustard was
sown into broken stubble), which is indicated byestauthors (Reengd al, 2000).

Table 3. Effect of cover crop sowing and straw gsmethods on the soil @0 cm) mineral
nitrogen content (g kbsoil) in spring (mean data from 2004—2005)
Straw using methods (A)
straw removed from straw chopped and

means for factor B

Cover crops and their sowing the field incorporated
methods (B) _ relative _ relative _ relative
min.y number, ™4 number, M4 number,
g kg % g kg % g kg %
‘t’)\r’gﬂgﬁt covercrop, stubble not 4 5575 1900 00069 920  0.0072 1000

Without cover crop, stubble broken 0.0068 90.7 6300 90.7 0.0068 94.4
Undersown cover crop — red clover 0.0071 94.7 or006 89.3 0.0069 95.8
Undersown cover crop —mixture of , nn74 937 00061 81.3  0.0068  94.4
white clover and Italian ryegrass
Undersown cover crop — white
mustard broadcast—sown into winter 0.0062 82.7 0.0065 86.7 0.0063 87.5
wheat at wax maturity stage
Aftercrop cover crop — white mustard
direct—sown into stubble

Aftercrop cover crop — white mustard, 527 1557 90067 89.3  0.0072  100.0
direct—-sown into stubble—broken soil

Means for factor A 0.0071 100 0.0065 91.5 0.0068

LSDys (A) = 0.00023; LSIs (B) = 0.00042; LSl (AB) = 0.00060

0.0067 89.3 0.0061 81.3 0.0064 88.9

The greatest reduction in mineral nitrogen conteaaurred having incorporated straw into broken
and unbroken stubble (10.5 and 9.2 %, respectivetynppared with the respective data obtained in
the autumn. A reduction of 15.3 % in mineral niogwas also recorded having diresdwn
mustard into stubble with straw, compared with eespe data in the autumn.

In spring ammonia nitrogen accounted for the ldargkare (59.6 %) than nitrate nitrogen (40.4 %)
in total mineral nitrogen. After straw incorporati@ significant reduction in mineral nitrogen
contents occurred compared with the treatmentseviner straw was removed. Here the content of
the mineral nitrogen was 8.0 % lower, compared wite check treatment. Autumn stubble
breaking with and without straw tended to reduceerdl nitrogen content in the soil 9.3 %,
compared with the check treatment, or by 1.4 %, pamed with the treatment where straw was
spread in the autumn. The highest content of mingiteogen was found on the background
without straw, like in the autumn having incorpehtvhite mustard sown into broken stubble. The
non-legume cover crop, white mustard, significantlyuesgdd the mineral nitrogen content in the
soil, whereas legumes tended to increase mindraben.

Conclusions

Undersown legume crops during the pbstrvest period gave the largest reduction in minera
nitrogen in the soil: red clovet(ifolium pratensd..) — 15.1 %, white cloverT{ifolium repend..)

and lItalian ryegrasd ¢lium multiflorumLamk.) mixture — 16.4 %, compared with the treattme
without the cover crop. Having incorporated cestedw and having applied nitrogen fertiliser (N
45) for its mineralization, the content of minenétrogen increased by 15.2 %, compared with the
treatment where the plots were stublbleken without straw. While incorporating straw lwihe
addition of mineral nitrogen fertiliser (N 45), @2 lower Ny, content in the soil was found in the
treatment where cover crop white mustard was samhe aftercrop. In spring, higher contents of
Nmin. In the soil and filtration water were found in ttreatments where the biomass of legume
crops was incorporated in the autumn. Having ino@ied it together with straw, the nitrate
nitrogen content ithe soil filtration water declined (9.8 %).
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UZTV EREJAUGU UN SALMU EFEKTIVIT ATE AUGSNES MINERALA SLAPEKLA
DINAMIK A ARAMZEM E

Arlauskiene A., Maiksteniene S.
Lai noskaidrotu datdlu uztergjaugu un to kombigiciju ar salmiem biolgiskas iesgjas samazist
augsnes minéla slapela izskaloSanos minglaugsigs, Lietuvas Zemkapas institita Jonigelu
izmeginajumu stacifi smilSnila augsd Gleyic Cambisolperiodi no 2003.-2005. gadam tika
ierikoti kompleksi izmeginajumi. TaurnzieZzu pasgja pecnovakSanas periad nodroSiaja lielako
minenla slapeka samazi@jumu: saidzinajuma ar kontroli, sarkanaisbolin$ (Trifolium pratense
L.) par 15.1 %, badt abolina (Trifolium repensL.) un daudzziedu airene&dlium multiflorum
Lamk.) mai§ums- par 16.4 %. Ta, atliekas ieKaujot ne tikai rugjus, bet ar salmus un to
mineralizcijai lietojot shpeka neslojumu (N 45), minaila slapeka saturs pieauga par 15.2 %,
saidzinot ar rugju variantu bez salmiem. l&wujot salmus ar minala slapekia neslojuma
piedevu, par 9.2 % zeiks N, saturs augentika konstaits apstide, kur ka uzt\erejaugs tika
séta balt sinepe Ginapis albal..) Smags Cambisolaugs@s pavasaraugsiks N, saturs augsn
un filtracijasaden tika konstaits variantos, kur rudénika iedauta taumiziezu biomasa. lé&ujot
to ko ar salmiem, I\, saturs augsnbitiski samazigjas (9.8 %).
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