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ABSTRACT

The cultivation system with cover crops as livinglches is growing in importance in the worldwide agri-
culture as it combines an economical effect withgrological and soil protecting activities. Therlape-
cies tested in the research were not frost resisbarckwheat, millet, white mustard and berseem clover
A control were the plots without cover crops. Thericrteps were sown in the first decade of August, in au-
tumn a grown biomass was a living mulch, and aftéxgpdamaged by frost in spring, the mulch was cov-
ering ground surface. Winter garlic bulbs were mdrin grown biomass of cover plants, in the firstadie

of September. In the first decade of November arttieérfirst decade of April, the selected soil pareare
were determined in the soil layer of 0-10 cm: actadll moisture (%), soil bulk density (Mg - total
porosity (%) and water stability of soil aggrega#g. The harvest of garlic was conducted in the fiec-
ade of July. Cover crops mulches had an influemceadl physical properties. In spring, the soilnfrplots
with cover crops mulching characterized with the Bighmoisture, higher total porosity and soil aggtesg
stability as well as lower soil bulk density. In camnigon to the control cultivation of winter garligithout
cover crops, the effect of plants used for mulchamgmarketable yield was not observed. Garlic plants
intercropped with the white mustard mulch formed/ésaand bulbs of higher weight in comparison to cul-
tivation without cover crops.

Key words: living mulch, moisture, porosity, density, watéalslity of soil aggregates

INTRODUCTION

The use of cover crops is receiving more andamaged in a natural way by frost or with the use o
more attention from vegetable cultivation markeherbicides before sowing or planting cultivated
around the world [Mulumba and Lal 2008]. The usplants. Cline and Silvernall [2001] reckon, thateo
of living mulches as intercrops for vegetablesnis i plants intended for intercropping should charazeeri
creasingly widespread in agricultural and horticulwith short germination, ability to fast ground cove
tural cultivation [Hartwig and Ammon 2002]. Verying, low requirement for nitrogen or to be abldive
interesting, although do not fully examined, ars-po symbiotically with root nodule bacteria and use at-
sibilities to use organic mulches from cover cropmospheric nitrogen. An increasing importance is
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given to influence of cover plants on soil environthe use of herbicides [Bugg and Waddington 1994,
ment, as they slow down physical and biologiceBottenberg et al. 1997]. After ploughing, plantgdis
processes in soil [Douglas and Magdoff 1991, Ereilas mulches are a valuable source of organic sub-
stein 2002]. Soil mulching prevents mechanicestances and nutrients [Havlin et al. 1990]. In the
breaking of soil crumbs by raindrops, lowers dilirneworldwide literature there are examples of no influ
temperature range and decreases the wind spe«ence of organic mulches on yield quantity in caltiv
[Findeling et al. 2003, Fageria et al. 2005]. The otion of aubergine [Leary and DeFrank 2000], tomato
ganic substance left on the soil surface has dip®si [Marinari et al. 2015] and cabbage [Brainard et al.
influence on soil structure, it lowers its sealimgd 2004], as well as the decrease in yield of couegett
prevents soil crusting [Barajas-Guzman et al. 200[Walters and Young 2008] and celery [Krygier
Weil and Kremen 2007]. Tisdall and Oades [19822011]. Some authors associate the effect of lower
noted, that the structure of soil aggregates ipetha yield of plants cultivated with mulch with the dika
by roots of plants. Perfect et al. [1990] provedsel vantageous weather course, as in favorable weather
negative correlation between aggregate water stakconditions the mentioned yield reductions are rela-
ity under different crops cultivations and soil swi tively low [Belz 2007]. In research with mulching i
ture, a slightly positive correlation with the lehgf cultivation of garlic, the positive influence ofigh
roots and no correlation with the biomass of microotreatment on the yield quantity, especially in dry
ganisms and weight of roots. On the basis of coiclimate, was proven. In Pakistan, straw, sawdudt an
ducted research it was established, that the argaclear foil had the positive effect on yielding drtic
matter in a form of mulch left on the soil surface[Jamil et al. 2005]. Shin et al. [1988] obtainedlgi
increases the soil water capacity, improves watof garlic higher by 50% after use of polyethyleo# f
infiltration and water retention [Bottenberg et alas a mulch, in comparison to the one obtained in
1999, Ji and Unger 2001]. cultivation without ground covering. Mahdieh Na-
The effect of soil mulching on the soil density anjafabadi et al. [2012] comparing yielding of garlic
total porosity is inconclusive. It was proved exper under clear polyethylene foil and mulch from rice
mentally, that the organic matter lowered soil dgns husks, obtained better results with use of organic
[Martens and Frankenberger 1992], increased smatter. Covering soil with organic matter in a foom
density [Bottenberg et al. 1997] or had no effeamulch prevents water and wind erosion [Nyakatawa
[Acosta et al. 1999]. Jordan et al. [2010] exptbss et al. 2001, Sarrantonio and Gallandt 2003]. Living
the effect of mulching on soil density depends i t mulches reduces run-offs by 50%, limited soil ero-
type of soil, cultivated species and mulching sp&ci sion by 97% [Hartwig and Ammon 2002]. In the
as well as on climate. Blevin et al. [1983] eststiid humid temperate climate of Poland, rapid melting of
a linear relation between the amount of mulch usesnow in spring causes run-offs of melt-waters at
and the soil density. Authors noted, that the thick weakened resistance of soil aggregates to water act
layer of organic matter on the surface, the lowen-d ity [Konopinski et al. 2001]. The reason for common
sity. Acosta et al. [1999] prove, that the soil bul soil erosion is, among other things, cultivation of
density shaped through cultivation is not stabld arplants with wide row distances. In cultivation oifw
changes during vegetation. The changes occur under garlic with planting the bulbs in autumn, sisil
the influence of natural factors, such as gravityuncovered during winter so that it is exposed to er
weather conditions and plants. Research conductsion and compaction. The aim of the presented work
by Reynolds [2008] proved, that significant soihde was to establish the changes in yield of wintetigar
sity might have directly resulted in lowering thelgg and the selected topsoil physical parameters (mois-
of cultivation crops. Plant mulches used to cow#r s ture, soil bulk density, total porosity and aggtega
surface lower the losses of nitrogen during wintewater stability) in cultivation with mulching cover
limit weeds infestation, and as a result they redudntercrops.
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MATERIALS AND METHODS Cover crops were sown in the first decade of August
(2010, 2011, 2012) in four repetitions, the area of

Description of the position of the experimental each plot was 8.0 (2.0 x 4.0 m). The grown bio-

station and climate conditions mass of this plants after being frozen was mulch

Agronomic experiments were conducted ircovering the surface of soil. The sowing rates vesre
Palikije locality (51.23°N; 22.31°E) in the Breedin follows: buckwheat 70 kg - ffa millet 20 kg - hd,
and Seed Production Company Matopolska Hodowwhite mustard 15 kg - Faand berseem clover 20 kg
Raslin, Zamai¢ Branch. The determination of soil- ha. In each year of the experiment, garlic was
physical properties was done in the Department planted in the third decade of September (20101201
Vegetable Crops and Medicinal Plants, University ¢2012), in grown biomass of cover crops, with row
Life Sciences in Lublin, Poland. Lubelskie Voivode-spacing of 30 cm and the plant spacing in the row
ship is distinguishable from other parts of Polanwas 2 cm. The experiment was established as a one-
with snow cover lingering for long periods, largefactorial classification with the randomized blocks
amounts of precipitation or long lasting non-rainimethod in four repetitions. There were 160 plarits o
periods during warm season. Mean yearly air tengarlic in one repetition of each combination. Iclea
perature ranges from 7.6°C to 8.0°C, and 13.2°ear of the research (2011, 2012, 2013), the harves
during vegetation period. In Lubelskie, the montiwas done once in the first decade of July. The@arl
with the lowest temperature is January, with thame was harvested from each plot of each replication
temperature from —4.3°C to —2.6°C, while the highefrom the area of 1 fn The weight of bulbs of winter
values of temperature are noted in July (17.2garlic obtained from the area of ¥ mas the market-
18.5°C). The phenomenon often observed in this arable yield. During the harvest, the following feas
is large variation of the temperature in winter thsn were evaluated separately: a whole plant weight,
The number of hot days (with maximum diurnal temleaves weight and bulbs weight. There were no min-
perature > 25°C) is on average 28-37 days. Tleral fertilization or herbicides used in cultivatiof
vegetation period lasts on average 215 days. A sigarlic. The influence of cover crops on chosen soil
of annual precipitation for Lubelskie is 550—-600 mmphysical parameters was estimated in the experiment
In annual variability of precipitation the prevaten actual moisture (%), soil bulk density (Mg -~In
of summer rainfall (VI-VIIl) over the winter one total porosity (%), aggregate content (%) and aggre
(XII-II) is observed. The summer rainfall corre-gate water stability. The soil samples for labamato
sponds to about 35-40% of annual precipitation. ftests were taken twice, from the middle of intesso
monthly terms, the highest precipitation is notad iafter uncovering the organic mulch formed from the
July, above 75 mm, while the lowest one in Januacover crops. The samples were taken twice duriag th
and February (25-40 mm). The experiments wevegetation of plants: in the first decade of Novemb
conducted on luvisols, formed on loam containinand in the third decade of April. The samples were
1.6% of organic matter. taken randomly from 4 different spots of each com-

bination.

Description of cultivation method

Experiments on the influence of cover crops oSoil analysis
yielding of winter garlic Allium sativum L.) of the The soil samples collected from the topsoil layers
Polish variety ‘Harngl were conducted in the yearsof plots (depth 0—10 cm) were placed with the intac
2010-2013. The following species were used structure inside cylinders of 100 Edlisplacement, in
cover crops: buckwheaF@gopyrum esculentum L.)  which the actual soil moisture was marked. The soll
‘Kora’, millet (Panicum miliaceum L.) ‘Charkowskie samples were collected in three repetitions. The ac
31’, white mustardSinapsisalba L.) ‘Borowska’ and tual soil moisture was marked with oven-dry and
berseem cloverTgifolium alexandrinum L.). Plots weight method. The soil moisture (%) was expressed
without cover plants were the control cultivationas a ratio between the amount of water removed dur-
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ing drying in the temperature ranging from 105 t(51.1 mm) and May (101.6 mm). Similar mean
110°C, to the total weight of dry soil. Total patgs monthly air temperatures, below zero, were observed
(%) was marked with the indirect method from th«during winter. In the year 2013 the mean tempegatur
soil bulk density and total density. The soil bdién- of February was higher in comparison to the mean
sity (Mg - m?) was expressed as a ratio of the samptemperature of the month in the years 2011 and,2013
weight dried in the temperature of 105°C to thaltotby 3.5 and 6.4°C relatively. In comparison to the
volume in a natural state. In order to establish ttyears 2011 and 2012, the March of 2013 was cooler,
water stability of soil aggregates, soil samplesnfr and the mean temperature was — 2.4°C. The plants
the topsoil layers of plots (depth of 0-10 cm) everintercropped with winter garlic formed an abundant
collected in an intact state to boxes (weight @-2. green biomass in autumn, which left on the surtdce
2.5 kg). The content of water stable soil aggregjatthe ground was damaged by frost, making the layer
was marked with the method of wet sieving. The aof mulch. The significant effect of mulching plants
dry samples were sieved through sieves with meon the marketable yield of garlic was not observed
diameters of 3-5 mm. On the set of sieves with me(tab. 1). Depending on the species of the mulching
diameters of 0.25; 0.5; 1.0; 1.5 and 2.5 mm, tme-sa plant, the marketable yield ranged from 4.18 to
ples of 20 g of the selected fraction of soil aggtes 4.50 kg - ¥, while in cultivation without intercrop-
were placed. The sieves were placed into the \@ssping it was 4.30 kg - 1 and those differences were
with water so that the soil could soak in (abounot statistically significant. Definitely higher mhaet-
5 min). The soil was shaken in water for abolable yield was obtained in the year 2013, and én th
20 minutes. The vertical motion was 5 cm and thyears 2011 and 2012, the marketable yield of garlic
interval was 1 minute. The residues after sieviag wwas similar. Crops used for mulching influenced
dried in the temperature of 105°C for 3 hours, thesome properties of winter garlic plants. Higher
weighted and the percent of each fraction of watweight of leaves was obtained when garlic plants
stable aggregates was counted. The marking wwere cultivated in mulch of berseem clover, buck-
done 4 times. The obtained values were used totcowheat and white mustard, in comparison to cultiva-
mean weighed diameter of water stable aggregeion of garlic as a homogenous crop. Higher weight
(MWDg) counted from the percentage share cof bulbs characterized plants of garlic from the-co
breakdown products obtained from the dissolved scrol cultivation, without cover crop and from the
samples. The index of water stability of soil aggrecultivation in companion with white mustard. The
gates (Ws) was counted by dividing MWDg/MWDa. lowest weight of bulbs was obtained from cultivatio
with buckwheat (7.92 g - plant and berseem clover
Statistical analysis (8.54 g - plant). At the same time, garlic plants
The statistical analysis was done with the use intercropped with buckwheat and berseem clover
one-factorial ANOVA model with Statgraphics soft-characterized with higher value of coefficient of
ware. The obtained results were analyzed statiisticaleaves to bulbs weight. Independently on the mulch-
with the use of analysis of variance in a compjeteling plant species, significant differences in tize ®f
randomized design at the level of significance cplants in the years of research were observed.

p = 0.05. In cultivation of winter garlic in cultivation as
a homogenous crop (control), in the first decade of
RESULTS November, the topsoil moisture was significantly

higher than under cover crops (tab. 2). In thisisumt
The weather conditions in the years of researderm, among the species cultivated in companion
differed significantly (fig. 1). The winter and spy  with winter garlic, the lowest humidity was noted i
in the years 2011 and 2013 characterized with tlcultivation with berseem clover and buckwheat, in
low amount of precipitation. In spring 2013 thecomparison to millet and white mustard. In spriing,
heavy rainfall occurred in March (60.8 mm), Aprilthe first decade of April, the actual moisture soil
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Fig. 1. Monthly precipitation and monthly mean air temperatin the years 2010-2013
according to the data of the Weather Station oflLtagoratory of Agrometeorology of

the University of Life Sciences in Lublin

Table 1. The effect of cover crops on some quality paramnsetéwinter garlic yield

(kg - m™

Mass of leaves Mass of bulb

Treatment Marketable yield
Control 4.30
Type Millet 4.28
of mulch Buckwheat 4.18
A Mustard 4.50
Clover 4.40
2011 4.25
Year (B) 2012 4.12
2013 457

Leaf weight
to bulb weight
ratio
a+2.15 41m
bc £2.02 3128
d £1.40 2.33b
abce +1.67 1.67 a
cdf £1.27 22>
a+2.52 1.80a
b +2.91 1.97 a
c+2.72 8.72

* Mean values with standard deviation; lettersa...) statistically homogeneous groups &t®05

Table 2. Effect of cover crops on soil moisture in 0-10 ayelr of soil in %

Treatment

1st decade of November

1st decade ofApril

Control
Millet
Type of mulch (A) Buckwheat
Mustard
Clover

2010-2011
Years (B) 2011-2012
2012-2013

* The indications are given in Table 1
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Table 3. Effect of cover crops on soil bulk density in 0-<i layer in Mg- i

1st decade of November

1st decade of Apri

Treatment

Control 1.35a* 1.46 a

Millet 1.36ab 1.42 ab
Type of muich (4) Buckwheat 140 1.42 ab

Mustard 1.34abc 1.41b

Clover 1.32abc 1.42 ab

2010-2011 1.4% 151 a
Years (B) 2011-2012 1.3b 140 b

2012-2013 1.3b 1.37 b

The indications are given in Table 1

Table 4. Effect of cover crops on total porosity in 0—10 kayer of soil in %

Treatment 1st decade of November 1st decade of Apri

Control 42.61a* 40.92a
Millet 4424 b 41.92ab

Type of mulch (A) Buckwheat 43.67ab 42.01ab
Mustard 42.75ac 42.22ab
Clover 43.41ab 42.92b
2010-2011 43.96 40.03a

Years (B) 2011-2012 42.8d 42.71b
2012-2013 43.54b 43.03b

The indications are given in Table 1
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Fig. 2. The effect of cover crops on water-stable aggregatg¢ent (mean values
from 2011-2013)
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significantly higher than in the control cultivatio between 17 and 19%. Higher stability of soil aggre-
In cultivation of winter garlic, the significant fiir- gates was obtained when cover plants were uséite as
ences in the soil bulk density depending on thechul share of the bigger aggregates (of 2.5 mm diameter)
ing crop were observed (tab. 3). In the first decal was higher and it was as following: berseem clover
November definitely higher density characterized sc29%, white mustard 28%, buckwheat 25% and millet
with buckwheat mulching, in comparison to the cor22%. The lack of the cover crop caused significant
trol. Definitely the lowest density characterizenil s destabilization of soil aggregates of 2.5 mm inrdia
when garlic was intercropped with white mustard arnter, as the share of this fraction was the lowE3%).
berseem under mulching crops of buckwheat, whiSoail, in which winter garlic was cultivated in coarp
mustard, berseen clover and millet, was clover,ifut ion with millet mulch, characterized with definitel
comparison to the homogenous cultivation of gdigc more all water stable aggregates, especially ofies o
differences were not significant. In spring, in first 0.25-0.6 mm in diameter (75%). In case of solil
decade of April, soil with mulching crops of whitemulched with buckwheat and without cover crops, the
mustard characterized with lower density, in coraparshare of this fraction was the lowest (60%).

son to the control. The soil compaction under cover

crops of millet, buckwheat and berseem clover waDISCUSSION

lower than in cultivation without mulching plants-

though the differences were insignificant. Independ The plants used to mulch soil had no significant ef
ently on the species of mulching plant, significdifit fect on marketable yield of winter garlic. In cuéttion
ferences in soil compaction were observed betwsen fof winter garlic under the buckwheat and berseam cl
years of cultivation. Higher compaction of soiltire  ver mulches, the higher marketable yield was obthin
first year of research was noted both in autumd@0 but in comparison to the control the differencesewe
and in spring (2011). In comparison to the contronot statistically significant. In the research af&don-
among only cultivation of millet in autumn (in tfiest  beh et al. [2013] conducted in the subtropical atrit
decade of November), and berseem clover in spring was proven, that mulching soil with black foil and
the first decade of April), caused considerableciase manure had a similar effect on yield of garlic, but

in total soil porosity in the layer of 0-10 cm (t&4). case of mulching soil with wheat straw the yieldswa
The total soil porosity in cultivation with milléh au- by 15% lower in comparison to the control. A pesiti
tumn was 44.24% while without cover crop it waseffect of wheat straw mulch on yield of garlic was
42.61%. In spring, the total soil porosity in cudion observed by Walters [2008], while Islam et al. [2D0
with berseem clover was 42.92% while without coveobserved a similar effect when green biomass ofmwat
crop it was 40.92%. Independently on the type dEimu hyacinth was used as a mulch. The differencesdn th
used, significant differences were observed inttted  yield of garlic between the years of research might
porosity of soil between the years of the reseddeffi:  have been caused by unfavourable humidity condition
nitely lower soil porosity characterized soil irt@uan in  during early spring. In the year 2013, when theketar
the second year of research (2012), and in sprirthg able yield was definitely higher in comparison e t
first decade of April) in the first year of resda(@011). years 2011 and 2012, frequent rainfalls occurred in
The influence of the cover crops used in the afitim spring (March—-May). As emphasized by Doro [2012],
of winter garlic on the water stability of soil aggates the water requirements of garlic are high and tbté o

is presented in Figure 2. It was noted that inrantithe  mal moisture of soil in combination with high termpe
share of micro-aggregates (< 0.25 mm) was the kighture has a significant influence on the size anigjlwte

in the control cultivation, without cover crops $2pin  of formed bulbs. In conditions of the conducted re-
comparison to the cultivation with intercrops (lelo search, the presence of winter intercrops caugtst-di
20%). The share of the structure of micro-aggregatentiated effect on a few morphological featureganf
(fraction below 0.25 mm) under mulching plantsiinte lic. In comparison to homogenous cultivation, highe
cropped with winter garlic was similar and rangeweight of leaves was obtained on plants cultivaiita
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mulch from berseem clover, white mustard and bucto the control and it was 1.41 Mg ~inAccording to
wheat, while higher mean weight of bulbs was otArshad and Coen [1992] in case of sandy loam soils,
served in cultivation with white mustard. Similarthe optimal soil density for the maximum yield pro-
changes in plants morphology affected by mulchinductivity of plants should be lower than 1.40 My =,
were noted by Baten et al. [1995], as plants ofiagjarat the value of 1.80 Mg - Ththe inhibition of the
cultivated on the organic mulches of water hyacintigrowth of roots might occur. Based on this data, it
rice straw and grass hay characterized with lot@jat might be stated that all species of plants chosen f
height and length of pseudostem, formed more leavintercrops as mulch had a positive effect on threeex
and roots in comparison with control plants. Ireeesh sive compaction of soil in the presented researhk.
of Karaye and Yakubu [2006], plants of garlic irftieu total soil porosity soil is the second parametpara
vation of which the mulch of rice straw was appliecfrom soil density, informing about the soil compawct
formed less leaves, but at the same time the @fareln cultivation of garlic, higher total porosity tfpsoil
marketable yield in total yield was higher. Brarelea characterized soil mulched with cover plants, teft
and Netland [1999] noted, that to obtain good pteduthe ground for winter. Mulch formed from berseem
tion effect when using mulching plants depends tplants significantly influenced decrease of soisity
a high degree on the choice of a proper intercrop.  through increase of total porosity value in topsoil
In the presented research, a positive influence (0-10 cm) in comparison to the control cultivation,
green mulches from millet, buckwheat, white mustarwithout mulching plants. Similar, positive influenof
and berseem clover cultivated in companion with-wircover plants on total soil porosity observed Tisdad
ter garlic was observed in spring, expressed amcan Oades [1982]. The mentioned authors proved, theat th
tual soil moisture in the layer of 0—10 cm, in ca@mp vertical system of pores formed by the dead rost sy
son to cultivation without mulching crops. The pmt tem of intercrops and a considerable amount ofnicga
tive role of mulching cover crops left on the sugaf matter in the top layer of soil in cultivation with
the ground was shown, in relation to the water accmulching caused decrease in soil density of thedibp
mulated in soil during winter. Similar results wereand subsoil. According to Tebriigge and During
obtained by Konojski et al. [2001] in experiments [1999], the size of macro-pores in conditions of de
concerning the use of mulch from intercropping covestructive activity of rain drops in without shadisgil,
plants (white mustard, common vetch, phacelia arlowers to 40 cm and decreases by 38%, and mechani-
oat), in which their positive influence on the soibis- cal impact of roots on soil aggregates might preven
ture regime, structured directly after winter wathis disadvantageous process. Separation of nacb-
proven. The explanation of this phenomenon is emezo-aggregates of soil indicates the increasegof a
plained in the work of Nyakatawa et al. [2001] whogregates weight of the 2.5 mm diameter to 22—-35% as
on the basis of the research, stated that covéhimg affected by soil mulching. This ratio in the comhtro
soil surface with organic matter in a form of mulckcultivation was 12%. The micro-aggregates had the
limits unnecessary evaporation of water from soihighest share (more than 22%) in the uncovered soil
Rasmussen [1999] determined that the amount of win case of soil mulching, this share was not highan
ter accumulated in the topsoil increased with th20%. In cultivation of garlic, the higher stabiliy soil
amount of organic matter on its surface. The value aggregates was obtained when millet was used as
the soil bulk density was changing during the vageta cover crop. It is emphasized in many works, tiet
tion period. It was lower in autumn and higheramly  water stability of soil aggregates is influencedntya
spring. Before winter, only in case of garlic cudtied by structural activity of biosphere [Amézketa 1999,
with buckwheat, the density of the topsoil (0—10) crrPagliai et al. 2004]. According to Lehrsch and Bnow
was higher in comparison to the control. White muq{1995], the stability of aggregates depends on the
tard mulch in the best way protected the topsdailregy properties and character of the adhesive, chemicl
excessive soil subsidence during winter, the sgil-d physical features of colloids constituting them.eTh
sity in this combinations was the lowest in comgumi  results of the research presented in this workiouonf
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the direct influence of decomposing organic sultstan under organic and polyethylene mulch in a seaspnall
from plants used for mulch on physical properties o dry tropical forest. Plant Soil, 287, 347-357.
soil. The proper growth of garlic plants is prontbyy Baten, M.A., Nahar, B.S., Sarker, S.C., Khan, M.A.H.

crumb soil structure, so that this type of struetpro- (1995). Effect of different mulches on the growthdan
motes roots penetration, regulates water-air ciomdit yield of late planted garlicA{lium sativum L.). Paki-
of soil and favours rainwater runoff infiltration. stan J. Sci. Ind. Res., 38, 138-141.

Belz, R.G. (2007). Allelopathy in crop/weed interanto-
CONCLUSIONS an update. Pest Manag. Sci., 63, 308-326.

Bottenberg, H., Masiunas, J., Eastman, C., EasttDrn,

During the three years of the research the useful- (1997). The impact of rye cover crops on weeds, in-
ness of less frost-resistant species: millet, bingad sects and diseases in snapbean cropping systems.
white mustard and berseem clover, for mulching of J. Sustain. Agric., 9, 131-155.
the soil surface in cultivation of winter garlic sva Bottenberg, H., Masiunas, J., Eastman, C. (1999)p St
proven. The mulching plants used in the experiments tillage reduces vyield loss of snapbean plantedy&n r
produced enough biomass before winter, which, after mulch. Hort. Tech., 9, 235-240.
being damaged by frost, shaded the soil in spring. Brainard, D.C., Bellinder, R.R., Miller, A.J. (2004} ulti-

1. In cultivation of winter garlic under mulch vation and inter-seeding for weed control in trans-
from the species used, the decrease in marketableplanted cabbage. Weed Technol., 18, 704-710.
yield and negative competitive effect on yieldimg i Brandsaeter, L.O., Netland, J. (1999). Winter anteg
comparison to conventional cultivation, without Umes for use as cover crops in row crops in Northen
cover, was not observed. Regions. I. Field experiments. Crop Sci., 39, 3G9l

2. The natural plant mulches protected soil again8t99: R.L., Waddington, C. (1994). Using cover &dp
excessive evaporation, increased total soil pgrosit Mmanage arthropod pests of orchards: a review. Agric.
and stability of soil aggregates as well as deewas ECosyst. Environ,, 50, 11-28.

the soil density. Cline, G.R., Silvernall, A.F. (2001). Residual nitemgand
kill date effect on winter cover crop growth and mtr
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