Macedonian Journal of Animal Science, Vol. 1, No. 1, pp. 155-159 (2011)

026 ISSN 1857 — 6907

Received: July 3, 2009 UDC: 636.086 (497.5)°2007/08”
Accepted: November 11, 2009

Original scientific paper

THE POTENTIAL OF WINTER COVER CROPS FOR EARLY SPRING FODDER

Davor Pajanéi¢', Bojan StipeSevi¢', Suzana Kratovalieva’, Danijel Jug', Dusko Mukaetov?’,
Irena Jug', Juliana Cvetkovi¢’, Miro Stosi¢', Bojana Teodorovi¢'

"Faculty of Agriculture Osijek; Trg Sv. Trojstva 3, 31000 Osijek, Croatia
?«Ss. Cyril and Methodius “ University in Skopje, Institute for Agriculture,
Bul. Aleksandar Makedonski bb, MK-1000 Skopje, Republic of Macedonia

bojans@pfos.hr

The use of cover crops is a recognized and well known method for soil tilth, soil nutrients conservation and
weed suppression, whereas the utilization of winter cover crops for early spring fodder is not sufficiently investi-
gated, especially in organic agriculture, where special rules have been applied. The experimental set up near Valpovo,
Croatia, at the eutric brown cambisol soil type, during the years of 2007 and 2008, aimed toward effects of different
cover crops and their mixtures on the biomass production and cover crops potential for early spring fodder. The ex-
perimental set-up was CRBD in four repetitions, with eight cover crop treatments after soybean (Glycine max L.) and
pop-corn maize (Zea mays L. var. everta): WW — winter wheat (Triticum aestivum L.), RY — winter rye (Secale ce-
reale L.) FP — field pea (Pisum arvense L.); HV — hairy vetch (Vicia vilosa L.); WF — mixture of WW and FP; WH —
mixture of WW and HV; RF — mixture of RY and FP; and RH — mixture of RY and HV. The highest dry biomass
production treatments were WW and RY after soybean with 3123 and 2987 kg of dry matter per ha, and RY and WW
after maize, with 1656 and 1399 kg of dry matter ha™', respectively. Regarding protein production potential, WW and
RY treatments after soybean yielded 226 and 183 kg of proteins, whereas HV and WH treatments after maize pro-
duced 155 and 143 kg of proteins, respectively.
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INOTEHIHHNJAJ HA 3SUMCKHUTE 3PHECTU KPMH KAKO PAHA TITPOJIETHA XPAHA

VYnorpebaTa Ha 3pHECTUTE KPMH € NPU3HAT U 10OPO MO3HAT HAYMH 32 KYJITUBHUPAHE Ha [104BaTa, KOH3EpPBUpa-
€ Ha XPAaHJIMBUTE MaTEPUM BO Hea M 3apKyBarbe Bara Bo Hea. Meryroa npudakambeTo Ha 3MMCKUTE 3DHECTH KPMU
KaKo paHa MpOJICTHA XpaHa HE € COOJBETHO MCTPaKyBaHO, IIOCEOHO BO OPraHCKOTO 3eMjoJeiue Kaje ITO Mopa Jia
Ounar amwmMuUpaHy CreuujanHu npasuia. ExcrniepumeHtor Oeme n3BeneH Bo OnusmHa Ha BammnoBo, XpBarcka, Ha
eyrpudeH kadeas kambucon Bo 2007 u 2008 roxuna co 1ei aa ce yrBpAaT eQeKTUTe o1 PasIudHU 3PHECTH KPMU U
HMBHU CMECKH BO IIPOJYKIHMjaTa Ha OMoMaca, Kako ¥ HUBHUOT NOTEHLMjaJl KAKO paHa npoJieTHa Kpma. Excriepumen-
tanuuot mwiad 6etre CRBD Bo 4 noBTopyBama co 8 3pHectd TperManu 1o coja (Glycine max L.) u nuenka (Zea mays
L. var. everta): WW — 3umcka nuenuna (Iriticum aestivum L.), RY — 3umcka "px (Secale cereale L.), FP — noncku
rpaop (Pisum arvense L.); HV — knacecra nuBanapka (Vicia vilosa L.); WF — cmecka on WW u FP; WH — cmecka o
WW u HV; RF — cmecka oq RY u FP; RH — cmecka on RY u HV. HajBucoka npoaykiuja Ha cyBa buomaca nma Kaj
tpermManoT co WW u RY 1o coja co 3123 u 2987 kg nHa cyBa marepuja o xexrap u co RY u WW o nmuenka co 1656
u 1399 kg Ha cyBa MaTepuja 110 XeKTap, COOABETHO. [IpOM3BOACTBOTO Ha MPOTEHHCKHOT MOTEHIIMjal IPU TPETMAHOT
co WW u RY mno coja usnecyBa 226 u 183 kg nporennu, nopeka npu tpermaHot co HV n WH no muenka ce
npoayuupaar 155 u 143 kg nporenHu, cOOIBETHO.

KityuHu 300poBu: 31MCKa MUEHUIIA; 3UMCKa ’PiK; TIOJICKU TPaop; KlacecTa JIMBaJapKa; cyBa Guomaca; mpoTeHH

1. INTRODUCTION ability, both environmental and financial, thus
making farmers reluctant to convert their conven-
The organic crop production, besides nu- tional production into the organic production, due

merous advantages, still has concerns for sustain- to possibility of lower yields in the transitional
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period (Liebhardt et al., 1989; MacRae et al.,
1990). Certain agricultural methods, such as cover
crop use, can alleviate some problems regarding
soil tilth, erosion prevention, nutrients availability
and weed control (Raimbault et al., 1990; De
Bruin et al., 2005; Khanh et al., 2005). Due to
shoot and root growth of the cover crop, soil phy-
sical properties can also be considerably improved.
Different cover crops, both cereals and legumes,
have been found to improve soil aggregation for a
wide range of soil types, as was shown by different
authors (Stamatov, 1979; McVay et al.,, 1989;
Roberson et al., 1991, 1995; Zebarth et al., 1993;
Basso and Reinert, 1998; Kabir and Koide, 2000).
Other authors found lower soil bulk density and
soil compaction after cover crop growth (Jackson
et al., 1987; Scott et al., 1990; Arevalo et al., 1998;
Calkins and Swanson, 1998; Raper et al., 2000),
although not always (Wagger and Denton, 1989;
Burmester et al., 1995).

Through improved aggregation, reduced
compaction and greater porosity, cover crops were
also found to improve infiltration and saturated
hydraulic conductivity (Davidoff and Selim, 1986;
McVay et al., 1989; Scott et al., 1990; Bruce et al.,
1992; Stirzaker and White, 1995). Greater water
infiltration, water retention (Scott et al., 1990) and
soil water content through the cover crop mulching
effect (Layton et al., 1993; Teasdale and Mohler,
1993; Yoo et al., 1995; Clark et al., 1997) can pro-
vide advantageous soil moisture for the following
cash crop in cases of serious water stresses during
the summer period of growth, whose occurrence is
more emphasized during the last decade, as ob-
served by Birkas et al. (2007).

But under certain conditions, cover crops can
also be detrimental for the cash crop growth thro-
ugh their large biomass growth. In dry springs,
some authors (Helsel et al., 1991; Unger and Vigil,
1997) found that cover crops depleted soil moi-
sture needed for the following cash crop. Further-
more, in wet springs cover crops may cause higher
soil moisture content that can, in combination with
lower soil temperature, cause delays in early cash
crop development for temperature-sensitive crops,
as was found by Teasdale and Mohler (1993),
Johns (1994) and Drury et al. (1999).

Based on the previously reviewed literature
and other sources, some of them even hundred
years old (NN, 2007), there are certain possibilities
for organic maize production and higher sustain-
ability by cover crop management, which can also

be used as an early spring fodder, thus substan-
tially improving the organic animal production
potential by the use of the winter cover crops.

2, MATERIAL AND METHODS

In order to test the hypothesis that the use of
cover crops can contribute toward the sustainabil-
ity of organically grown maize after soybean as a
previous crop in the crop rotation, the experimen-
tal site was established in Valpovo, Croatia, at the
eutric brown soil type, during the years of 2007
and 2008. The used maize was the pop-corn maize
hybrid "OSSK 605 pc" due to the substantially
higher financial turnover than regular hybrids. The
experimental design was set up as a complete ran-
domized block design in four repetitions, with the
basic experimental plot size of 5 x 30 m’. The
eight cover crop (CC) treatments were used: WW
— winter wheat (Triticum aestivum L.) cover crop,
cultivar "Zitarka", with the aimed population of
700 plants per m” and seeding rate of 300 kg ha™';
RY - rye (Secale cereale L.) cover crop, cultivar
"Eho Kurz", with the aimed population of 400
plants per m” and seeding rate of 150 kg ha™'; FP —
fodder pea (Pisum arvense L.) cover crop, cultivar
"Osjecki zeleni”, with aimed population of 100
plants per m” and seeding rate of 125 kg ha™'; HV
— hairy vetch (Vicia vilosa L.) cover crop, cultivar
"Poppelsdorf”, with aimed population of 250
plants per m” and seeding rate of 120 kg ha ;WP —
mixture of the WW and FP, sown in the 50% :
50% ratio of sole winter wheat and fodder pea
cover crops; RP — mixture of RY and FP, sown in
the 50% : 50% ratio of sole winter rye and fodder
pea cover crops; WV — mixture of the WW and
HV, sown in the 50% : 50% ratio of sole winter
wheat and hairy vetch cover crops; and RV — mix-
ture of RY and HV, sown in the 50% : 50% ratio
of sole winter rye and hairy vetch cover crops. The
cover crop seed was planted by broadcasting
method after soil preparation by singe heavy-duty
diskharrowing after the previous main crop har-
vest. The cover crop biomass was collected before
mouldboard ploughing within the week prior to the
main crop planting (the first week in May), by cut-
ting all plants 1-2 c¢cm above ground level from
four % m’ frames on each experimental plot. Col-
lected biomass has been drying at 60°C during 24
hours and weighted after being cooled down at
room temperature. The nitrogen extraction has
been done by the Kjeldahl method, and nitrogen
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concentration has been determined by boron acid
titration. The recalculations of plant N concentra-
tion into theoretical protein content has been done
by the conversion factor of 5.70 for WW, 5.83 for
RY and 5.52 for both legumes, according to IDF
(2006). The conversion factor of fodder proteins
into the milk proteins of 0.63 has been used, after
Metcalf et al. (2008). The split-plot ANOVA was
performed by the SAS statistic package (V 8.02,
SAS Institute, Cary, NC, USA, 1999) with the
Year as the main level, Main Crop as the sub-level
and Cover Crop as the sub-sub-level. The Fisher
protected LSD means comparisons were per-
formed for P = 0.05 significance levels.

3. RESULTS AND DISCUSSION

The cover crops dry biomass yield was in av-
erage higher after soybean as the previous crop
than after maize (Table 1), which was expected
due to higher N content in soybean residues, avail-
able for cover crops. It is especially visible from
the cereal cover crop biomasses after soybean

Table 1

(WW and RY, 3123 and 2987 kg ha™', respec-
tively), which shows higher biomass accumulation
than after maize (WW=1399 and RY=1656 kg ha™"),
which residues are not rich with N for subsequent
cover crop N uptake. Both legume cover crops, FP
and HV, failed to produce substantial dry biomass
before the biomass sampling, and after both pre-
crops the collected biomasses were not higher than
1000 kg ha'. The reason of these low biomasses
was slower growth rate in comparison with cere-
als, especially during the early spring period. Re-
garding cover crop mixtures, the cereal cover
crops were prevailing within the total biomass, but
lower cereal plant population in comparison with
the full seeding rate cereal treatment gave conse-
quently lower biomasses. The best biomass yield-
ing treatment was RF (1655 kg ha™), followed by
WH (1480 kg ha'), WF (1426 kg ha') and RH
(1241 kg ha™). These results are confirming some
previous experiments with grasses-legumes mix-
tures in comparison with sole legume crops where
grasses can be benefiting on numerous ways for
the forage biomass (Barnett and Posler, 1983).

The cover crop treatments dry biomass (kg ha™) after soybean (S) and maize (M) main crops,
Valpovo site, years 2007 and 2008

\WAY RY FP HV WF WH RF RH X
S 3123a" 2987a 350e 584e 1721be 1561¢ 1991b 1159d  1685A"
M 1399ab 1656a 403d 912¢ 1130b 1399ab 1319b 1324b 1193B

X 2261A 2321A 376C 748C

1426B 1480B 1655B 1241B 1439

“The means within the same main crop row, labeled by the same lowercase letter, are not significantly different by P>0.05 significance level

according to Fisher protected LSD means comparisons.

“The cover crop and main crop means labeled by the same uppercase letter are not significantly different by P>0.05 significance level according

to Fisher protected LSD means comparisons.

The results of cover crop treatments recalcu-
laed for the protein mass of each cover crop from
the N concentration are showed in the Table 2.
Different nitrogen:protein ratios, which are rang-
ing from 5.52 in FP and HV to 5.70 for WW and
5.83 for RY, showed somewhat different relations
among treatments. As in the dry biomass case,
cover crops grown after soybean had higher pro-
tein mass in comparison with cover crops grown
after maize (139 and 110 kg ha™', respectively).
Regarding cover crop treatments, in spite of low N
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concentration, WW treatment showed again the
highest values of the observed matter (169 kg of
proteins per ha), purely due to the largest biomass
production, which is also true for RY treatment
(136 kg of proteins). But, higher N concentration,
in spite of lower dry biomass production, showed
that HV and WH had statistically same protein
mass per ha (128 and 145 kg, respectively). Other
cover crop mixtures showed similar results as WH,
and in all cases higher than FP treatment alone
(only 61 kg of proteins).
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Table 2
The cover crop treatments protein mass (kg ha™) after soybean (S) and maize (M),
Valpovo site, years 2007 and 2008
Ww RY FP HV WF WH RF RH X
S 226.1a° 182.8b 62.3e 102.2d 140.2¢ 147.5¢ 145.0c 106.9d 139.1A™
M I11.6ab  88.8bc 59.2¢ 154.6a 100.7b 143.3a 83.0bc 139.0a 110.0B
X 168.8A 135.8AB  60.8C 128.4AB 120.4B 145.4AB 114.0B 123.0B 124.6

* The means within the same main crop row, labeled by the same lowercase letter, are not significantly different
by P>0.05 significance level according to Fisher protected LSD means comparisons.
*%

The cover crop and main crop means labeled by the same uppercase letter are not significantly different
by P>0.05 significance level according to Fisher protected LSD means comparisons.

The cover crop treatments potential for the
milk production is given in Table 3, where cover
crop proteins are converted into the true milk pro-
teins by the factor 0.63. Further conversion from
milk proteins into the milk, if taken into considera-
tion that 35-40 g of milk proteins are in 1 liter of
milk (Fox and McSweeney, 2003), gives the cover

Table 3

crop potential for the range of milk production of
1100 to 3100 1 (for FP and WW, respectively). If
taking into consideration that this can be produced
in accordance within the organic agricultural pro-
duction legislations, which is suffering from the
inadequate amounts of organic fodder, advantage
of winter cover crop uses is clearly visible.

The cover crop treatments true milk protein mass (kg) after soybean (S) and maize (M),
Valpovo site, years 2007 and 2008

wWw RY FP HV WF WH RF RH X
S 142.4 115.2 393 64.4 88.3 92.9 91.3 67.4 87.6
M 70.3 56.0 373 97.4 63.4 90.3 523 87.6 69.3
X 106.4 85.6 383 80.9 75.9 91.6 71.8 77.5 78.5

4. CONCLUSIONS

Based on this research of winter cover crops,
following conclusions can be stated:

— soybean as a previous crop yields with
higher dry biomass production and with higher
protein mass than maize;

— the highest dry biomass, and consequently,
protein mass, can be obtained by WW as a winter
cover crop;

— dry biomass of cereal mixtures with leg-
umes yields more than legume cover crops alone;

— winter cover crops can be substantial re-
source for animal production.
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