UTJECAJ KULTIVARA | GUSTOCE SKLOPA GRAHA U KONSOCIJACIJI S KUKURUZOM NA
PRINOS | KAKVOCU KRME

SAZETAK

Kukuruz (Zea mays L.) je najvaZznija ratarska i krmna kultura u Republici Hrvatskoj, koji se uzgaja na
272 000 ha za zrno i 25 000 ha za silazu. Kukuruzna silaza odli¢na je krma u hranidbi goveda na farmi,
jer osigurava krmivo visoke energetske vrijednosti, ali je sadrzaj sirovih proteina u suhoj tvari suviSe
nizak da bi se ona mogla koristiti kao krmivo bez dodataka u hranidbi goveda. Konsocijacija kukuruza s
mahunarkama moZe dovesti do povecanja sadrzaja sirovih proteina u suhoj tvari, smanjujuéi potrebu
za proteinskim dodacima u hranidbi stoke u usporedbi sa €istim usjevom kukuruza. Usjev kukuruza u
konsocijaciji sa mahunarkama moze smanijiti i gnojidbu dusikom, i to zbog sposobnosti fiksiranja dusika
mahunarki simbiotskom vezom sa Rhizobium bakterijama, a osim toga moze smanijiti i opasnost od
ispiranja nitrata.

Cilj istrazivanja bio je utvrditi utjecaj kultivara visokog graha razli¢ite duljine vegetacije i razli¢itih gustoc¢a
sklopa kultivara visokog graha u konsocijaciji s kukuruzom na prinos zelene mase, suhe tvari u t/ha i
bruto energije (GJ/ha) te sadrzaj sirovih proteina u suhoj tvari krme (silaZe). Poljski pokus je postavljen
na lokaciji Oborovo, tri godine uzastopno (2018., 2019. i 2020.) sa tri kultivara visokog graha: Goldmarie
(kratke duljine vegetacije), Anellino Verde (srednje kasne duljine vegetacije) i Meraviglia DI Venezia
(kasne duljine vegetacije) u tri gustoée sklopa kultivara graha (37.500, 50.000 i 75.000 biljaka/ha) u
konsocijaciji sa hibridom kukuruza KWS Kolumbaris (FAO grupa 500) u gustoéi sklopa (75.000
biljaka/ha).

Promatrajuci dobivene rezultate analiziranih svojstava u sve tri godine istrazivanja i u prosjeku ostvaren
je najvedi prinos zelene mase (16,56 t/ha) i suhe tvari kultivara graha (2,97 t/ha) te ukupni prinos zelene
mase konsocijacije kultivara graha s kukuruzom (67,72 t/ha), suhe tvari (20,37 t/ha), sirovih proteina
(2,07 t/ha) i bruto energije (362,0 GJ/ha) te najveéi sadrzaj sirovih proteina (100,8 g/kg ST) postignut je
s kultivarom graha kasne duljine vegetacije Meraviglia DI Venezia.

Najveca gustocée sklopa kultivara graha (75.000 biljaka/ha) je ostvarila veéi prinos zelene mase (19,52
t/ha) i suhe tvari kultivara graha (3,51 t/ha) te ukupni prinos zelene mase konsocijacije kultivara graha
s kukuruzom (65,92 t/ha), suhe tvari (19,13 t/ha), sirovih proteina (2,01 t/ha) i bruto energije (359,5
GJ/ha) te najveci sadrzaj sirovih proteina (105,5 g/kg ST) u odnosu na ostale gusto¢e sklopa kultivara
graha (50.000 i 37.500 biljaka/ha).

Najveci prinos zelene mase (25,49 t/ha) i suhe tvari kultivara graha (4,43 t/ha) te ukupni prinos zelene
mase konsocijacije kultivara graha s kukuruzom (77,21 t/ha), suhe tvari (21,53 t/ha), sirovih proteina
(2,39 t/ha) i bruto energije (390,1 GJ/ha) te sadrzaj sirovih proteina (110,7 g/kg ST) je postignut s
kultivarom graha kasne duljine vegetacije Meraviglia DI Venezia u najvecoj gustocCi sklopa kultivara
graha (75.000 biljaka/ha).

Iz ovog istraZivanja namece se zaklju€ak da se na lokaciji Oborovo na kojoj su provedena istrazivanja i
u klimatskim uvjetima koji su vladali tijekom 2018., 2019. i 2020. godine, kultivar visokog graha kasne
duljine vegetacije Meraviglia DI Venezia, u kombinaciji s najve¢éom gusto¢om sklopa graha (75.000
biljaka/ha), pokazao kao najbolji u prinosu zelene mase, suhe tvari i bruto energije po jedinici povrsine
te po sadrzaju sirovih proteina u suhoj tvari krme (silaze).
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THE INFLUENCE OF THE CULTIVAR AND SOWING DENSITIY OF BEANS INTERCROPPING WITH
CORN ON THE YIELD AND QUALITY OF FORAGE

ABSTRACT

Introduction: In many regions of Europe, whole-plant maize silage is the basic feed used in feeding cows
and fattening cattle. Despite its high energy content, the protein content is low (88 g/kg of dry matter)
compared with legumes silage and needs to be supplemented with proteins for better feed quality.
Intercropping maize with legumes for silage is a feasible strategy to improving the level of crude protein.
Although maize provides high yield in terms of dry matter, it produces low protein content in fodder. The
bean (Phaseolus vulgaris L.) is a common legume cultivated for its edible seeds all over the world. The
bean is a fast growing, warm season legume, and, it can grow in a diverse range of environmental
conditions worldwide because of its adaptability. Atmospheric nitrogen fixation using legumes plants can
reduce nitrogen competition in the reciprocal intercropping system of legumes and cereals enabling the
cereals to use more nitrogen in the soil.

Materials and methods: Field experiments were conducted during three growing seasons at the location
in Oborovo (45°40'54"N 16°15'12.5"E). In this location, the soil type is pseudogley on the plain. In all
three growing seasons, the tall bean cultivars in association with corn were preceded by small grains
(2017 - wheat, 2018 - barley and 2019 - oats). In all three growing seasons, an identical two-factor
experiment was set up in four replications. The main factor in the experiment was the broad bean
cultivars (Goldmarie, Anellino Verde and Meraviglia DI Venezia), and the subfactor was the density of
the broad bean assembly in association with corn. The target densities of the tall bean assembly were
37.500, 50.000 and 75.000 plants/ha. The treatments in the experiment were as follows: SK - corn
(75.000 plants/ha), K+G1 - corn (75.000 plants/ha) + beans (37.500 plants/ha), K+G2 - corn (75.000
plants/ha) + beans (50.000 plants/ha) and K+G3 - corn (75.000 plants/ha) + beans (75.000 plants/ha).
The experiment was set up with divided plots in a split-plot treatment in four replications. Tall bean
cultivars in consociation with corn were distributed on larger plots, and different densities of tall bean
clusters in consociation with corn were distributed on smaller plots. Sowing was done for each cluster
of bean and corn cultivars with 20% more seeds, and then after emergence, in the 3-4 leaf stage of
corn, manual thinning was performed to the given cluster. Sowing of corn and bean cultivars was carried
out in two steps due to the different mass of a thousand grains of corn and bean cultivars, i.e. corn was
sown first, and then tall bean cultivars were sown in the same rows. Chemical weed control was carried
out in the pre-emergence phase of corn crops and bean cultivars with the herbicide Wing P (active
ingredients 212.5 g/l dimethenamid-p and 250 g/l pendimethalin) at a dose of 4 |/ha, and after
emergence of corn and bean cultivars with the herbicide Basagran 480 (active ingredient 480 g/l
bentazone) at a dose of 2 I/ha. The crops were harvested manually when the corn reached the
phenological stage according to the BBCH scale of 83, and the tall bean cultivars reached 76. The
harvested samples of fresh mass of beans and corn were chopped with a chopper and packed in
vacuum-sealed PVC bags and immediately transported to the laboratory, where they were stored under
controlled conditions (0 - 4°C). Silage samples for chemical analysis were packed in vacuum-sealed
PVC bags measuring (280 mm x 360 mm), and then in PVC bags (microsilos) sealed with a vacuum
device (SmartVac STATUS SV2000). The moisture or dry matter (DM) in the sample was determined
according to HRN I1SO 6496:2001 (HRN, 2001). The crude protein (CP) content was determined by the
Kjeldahl method according to HRN ISO 5983-2:2010

(HRN, 2010). The crude protein content was calculated by multiplying the obtained nitrogen content by
a factor of 6.25. The crude fat content in the sample was determined according to HRN ISO 6492:2001,
modified according to the instructions for the ANKOM XT15 extraction system. The raw fiber content
was determined according to the HRN EN ISO 6865:2001 standard modified according to the Foss Fiber
Cap manual, and the neutral detergent fiber (NDV) content was determined according to the ISO 164
72:2006 standard. Determination of starch content was carried out by the enzymatic method according
to AA/AMG AOAC-996.11 standard. Ash in the sample was determined according to HRN ISO
5894:2004. Calcium was determined using an atomic absorption spectrophotometer (Thermo Scientific,
model M series AA spectrometer, China, 2008) according to the AOAC method (2005) after digestion
with concentrated HNO3 (Microwave digester Milestone 1200 Mega). Silage pH was measured with a
Hanna Instruments HI 83141 pH meter, and lactic and acetic acid content was analyzed with a gas



chromatograph (GC-2014, Shimadzu, Kyoto, Japan) according to Faithfull (2002). Gross energy (BE)
was calculated based on the research parameters where: protein content (SP) was multiplied by a factor
of 0.0239. Fat content (SM) was multiplied by 0.0398 (fats provide the most energy). Fiber content (SV)
was multiplied by 0.031. NET content was multiplied by 0.017. By adding these four products, the
estimated total gross energy of the feedstuff is obtained, expressed in megajoules per kilogram of dry
matter (MJ/kg DM). The results of the analytical research of the monitored indicators were statistically
processed using the statistical program SAS Version 9.4 (SAS Inst. Inc., 2013). The results are
presented as the mean value using the LSD value, if the F-test was significant P<0.05.

Results and conclusions: Statistically significant P<0.05 (LSD test) the highest yield of green mass
(16.56 t/ha) and dry matter of bean cultivars (2.97 t/ha) and the total yield of green mass of the
consociation of bean cultivars with corn (67.72 t/ha), dry matter (20.37 t/ha), crude protein (2.07 t/ha)
and gross energy (362.0 GJ/ha) was achieved on average with the late-growing bean cultivar Meraviglia
DI Venezia. The highest proportion of pods (50 %) and the lowest proportion of stems (25.9%) was
achieved on average with the late-growing bean cultivar Meraviglia DI Venezia. Statistically significant
P<0.05 (LSD test) the highest content of crude protein (100.8 g/kg DM), starch content (335.4 g/kg DM),
ash content (50.9 g/kg DM) and calcium (2.70 g/kg DM) in bean silage in association with corn was
determined on average in the late growing bean cultivar Meraviglia DI Venezia. The lowest content of
crude fiber (181.2 g/lkg DM) and NDV (352.2 g/kg DM) and the lowest pH (4.00), and the highest content
of lactic acid in bean silage in association with corn was determined on average in the mid-late growing
season bean cultivar Anellino Verde (66.1 g/lkg DM). The second hypothesis is rejected because the
highest density of bean cultivars (75.000 plants/ha) statistically significantly P<0.05 (LSD test) achieved
on average a higher yield of green mass (19.52 t/ha) and dry matter of bean cultivars (3.51 t/ha) and
total yields of green mass of the consociation of bean cultivars with corn (65.92 t/ha), dry matter (19.13
t/ha), crude protein (2.01 t/ha) and gross energy (359.5 GJ/ha) compared to other densities of bean
cultivars (50.000 and 37.500 plants/ha). The highest pod content (42.0%) and leaf content (33.3%) and
the lowest stem content (24.7%) were achieved on average at the highest density of the bean cultivar
group (75.000 plants/ha) compared to the other densities of the bean cultivar group (50.000 and 37.500
plants/ha). Statistically significant P<0.05 (LSD test) the highest crude protein content (105.5 g/kg DM),
ash content (53.4 g/kg DM) and calcium (2.89 g/kg DM) were determined on average in the bean silage
in consociation with corn at the highest density of the bean cultivar group (75.000 plants/ha), while the
highest starch content

(331.0 g/kg DM) and the lowest silage pH (3.99) were determined at the density of the bean cultivar
group (37.500 plants/ha). The highest lactic acid content (66.1 g/lkg DM) in bean silage in consociation
with corn was also determined on average at the density of the bean cultivar combination (75.000
plants/ha) compared to the other densities of the bean cultivar combination (50.000 and 37.500
plants/ha). Statistically significant P<0.05 (LSD test) the highest yield of green mass (25.49 t/ha) and
dry matter of the bean cultivar (4.43 t/ha) and the total yield of green mass of the bean cultivar
combination with corn (77.21 t/ha), dry matter (21.53 t/ha), crude protein (2.39 t/ha) and gross energy
(390.1 GJ/ha) was achieved on average with the late-growing bean cultivar Meraviglia DI Venezia at the
highest density of the bean cultivar combination (75.000 plants/ha). The highest pod content (53.0%)
and the lowest stem content (20.8%) were achieved on average with the late-growing bean cultivar
Meraviglia DI Venezia at the highest density of the bean cultivar group (75.000 plants/ha). Statistically
significant P<0.05 (LSD test) were the lowest crude fiber content (174.3 g/lkg DM) and NDV (339.0 g/kg
DM), and the highest lactic acid content in bean silage in consociation with corn was determined on
average with the medium-late-growing bean cultivar Anellino Verde (72.6 g/kg DM) at the highest density
of the bean cultivar group (75,000 plants/ha). Statistically significant P<0.05 (LSD test) were the highest
crude protein content (110.7 g/lkg DM), starch content (345.3 g/kg DM), ash content (58.3 g/lkg DM) and
calcium (3.0 g/kg DM) in bean silage in consociation with maize was determined on average in the late
growing season cultivar Meraviglia DI Venezia at the highest density of the bean cultivar group (75.000
plants/ha). The conclusion of this research is that at the Oborovo location where the research was
conducted and in the climatic conditions that prevailed during 2018, 2019 and 2020, the Meraviglia DI
Venezia tall bean cultivar of the late growing season, in combination with the highest density of the bean
assembly (75.000 plants/ha), proved to be the best in the yield of green mass, dry matter and gross
energy per unit area and in the content of crude protein, in the dry starch, ash and calcium matter of
forage (silage).
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