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Introduction

Pea (Pisum sativum L.) iswidely distributed in both wild and agricultural flora of Serbiaand other
Southeast European countries. P. sativumsubsp. sativumvar. arvensc (L.) Poir., appears asaweed incereals,
especially fall-sown wheat in southeastern Serbia (1). it is aso cultivated for forage production and has
been successfully used for developing fall-sown cultivars of forage pea highly resistant to low
temperatures (2).

Cultivated area of forage peain Serbia has been about 4000 ha for several decades (3). Forage peais
traditionally used in fall-sown mixtureswith cereals (4) such ascommon wheat (TriticumaestivumL.
subsp. aestivum), barley (Hordeumvulgarel..), oat (Avenasativa L.) and triticale (‘Triticosecalespp.). The seed
mixture of forage pea and cereals depends on local recommendations and is 50:50 in Lithuania (5) and
France (6) and 75:25 (pea.cereal) in Serbia (7) and Bulgaria (8).

The godl of this research was to assess the potential of pea intercrops with various cereals for forage
production in temperate regions of Serbia.

Materials and methods
A small-plot trial was carried out at the Experimental Field of the Institute of Field and Vegetable Crops
at Rimski Sancevi during the growing seasons of 2009/2010 and 2010/2011 (Table 1) and on achernozem

Table 1. Average monthly temperatures(°C) and monthlyrainfall (mmm) during the 2009/2010and2010/2011gr owing Seaso

Terpadue o Nov. Dec Feb. Ma. Ap. May Avaae
20002010 »r 9 3 0 2 7 B g 2 9
2002011 0 0 1 0 0 6 B g B 8
Lagam »r 6 2 4 2 6 il g 20 8
Rarfel Oa Nov. Dec Feb Ma. Ap. May une Im
20002010 8 &4 % 3 &b 3 7 % 1 6B
2002011 67 44 &6 2 K3 23 23 &b 6l 35
Lagam 43 50 8 K74 22 3 ving ) & 37

soil (Table?2). itincludedintercropsof forage peawith eight cereal's, namely einkorn (Triticummonococcum
L.), emmer (TriticumturgidumL. subsp. dicoccon (Schrank) Thell.), spelt (TriticumaestivumL. subsp. spelta
(L.) Thell.), durum wheat (Triticumturgidum L. subsp. durum(Desf.) Husn.), common wheat, barley, oat
and triticale. The sole crops of each intercrop species were also included in the trial.

Table 2. Chemical composition of thechernozem soil at Rimski Sancevi in 2009.

pH pH N P26 K20 CaCO3 Humus
(HZO) (KCI) (%) (mg 100090-1) (mg 100 g-1) (%) (%)
79 741 0.196 1799 21 561 297

in both trial years, all sole crops and their intercrops were sown in the second haf of October, with plot
size of 5 m’ and three replicates. All sole crop treatments were harvested at full bloom or first pod
formation in pea and in the full flag leaf stage for the cereal crops. The intercrop treatments were
harvested when the first crop of the mixture reached the desired stage (9). in the mgjority of treatments
both component crops reached the desired stage concurrently.
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The greenforage yield in all intercrops and sole crops was measured directly after cutting. Forage dry
matter yield was determined after allowing the harvested samples to dry to a constant massinadrier at
105 °C. The agronomic and economic reliability of green forage yield and forage dry matter productionin
each intercrop was determined by calculating their Land Equivalent Ratio (L ER,,,andLER,,,,,)
according to (10):

LERGFY = GFY (p)ic/ GFY(p)sc + GFY(c)c/ GFY(C)SC,

where GFY (p)ic is the green forage yield of peain the intercrop, GFY (p)sc is the green forage yield of pea
initssolecrop, GFY (c),.isthegreen forageyield of acereal intheintercrop and GFY (c)..isthegreen
forageyield of acereal initssolecrop. Smilarly, L ER.,,,, wascalculated.

The results were analyzed using Statistica 8.0 software, with analysis of variance (ANOVA) performed
and aFisher'sLeast Significant Difference (L SD) cal culated at P = 0.05.

Results and discussion
There were significant differences in the two-year average green forage yield among both sole crops of
peaand cereals and their intercrops (Table 3).

Table 3. Averagegreen forageyield (t ha') in solecrop (GF Ysc) andintercrop (GF Y, treatments
of peea (GFYp) and cereals(GF Y¢) in 2009/2010and2010/2011at Rimski Sancevi.

eaq g

Brkon %5 Ra+drkan 195 180 375 Q97
Bme 50 Ratamy 90 375 465 oA
Fdt 25 Ra+gdt 75 435 510 10
Duum wheet A5  Ra+ dumwhet 285 120 405 10
GOmowet 420 Ra+taommwhet 135 A5 480 113
Baley %5 Ra+laley 75 480 %5 104
Ca B0 PRat+e 135 A5 480 127
Triticde 450 PRattiticde 165 00 465 1B
CV.

IN9115) 48 L90b 48 0

The average green forage yield in the intercrops ranged from 37.5 t ha'in pea + einkornto 55.5 t ha* in
pea + barley, confirming that in temperate conditions barley produces the highest forage yields, athough
with poorer quality (11). The largest proportion of peawasin itsintercrop with durum wheat (28.5t ha
"), followed by einkorn (19.5 t ha*). The two-year average green forage yield in pea sole crop treatments
was comparable to previous data under the same conditions (12). The intercrops of peawith einkorn,
emmer, spelt and durum were not economically justified with L ER.., values either lower or equal to 1.0.
Theintercrop of peawith oat had asignificantly higher L ER.., value (1.27) than the other seven
intercrops.

In general, the two-year average forage dry matter yield (Table 4) followed similar trends as the two-year
average forage dry matter yield. In sole crops, barley (11.2t ha'), spelt (11.1t ha*), emmer (11.0t ha*) and
pea (10.7 t ha*) had significantly higher forage dry matter yield in comparison to the remaining four
cereals. The two-year average forage dry matter yield in the intercrops varied between 8.5 t ha™ in pea +
einkorn and 115 t ha' in pea + barley, the latter being lower than at the same pea and barley ratio inthe
temperate regions of North America (13). The forage dry matter proportion of each crop may differ
dlightly in a pure stand compared to an intercrop. For thisreason, thevaluesof L ER,,,,, wereslightly
different than L ER..,, withamaximuminthe pea + oat intercrop (1.23) and aminimuminthe pea + spelt
intercrop (0.97).
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Table4. Average forage dry matter yield (thai®) in solecrop (FDMY.,.) and intercrop (FDMY,) treatments
ofpea (FDMYp) and cereals (FDMY) hi 2009/2010 and2010/2011at Rimski Sancevi.

Solecrop DMYSC  Intercropping FOMYp  FDMYc  FDMYIC  LERDWY
Pea 107 - - - -
Einkorn 71 Pea+ @nkorn 4.6 39 85 0.98
Emmer 110 Pea+ emme 21 88 109 100
Spelt m Pea+ spdt 18 89 107 097
Durum whest 70 Pea + durum wheat 6.7 26 93 100
Common whesat 95 Pea+ common whesat 32 77 108 111
Barley 12 Pea+ barley 18 97 15 103
Oa 77 Pea + oat 32 72 104 123
Tritice 92 Pea + triticae 39 6.3 102 106
CV.

LDO® 09 LDO® 09 010

Conclusions

This study confirmed that the traditional practice of intercropping pea with common wheat, barley, oat
and triticale have the greatest potential for forage production in comparison to less traditional or
forgotten crops such as durum wheat, spelt, einkorn and emmer. However, this study should be
continued with a more detailed study on forage dry matter quality, with emphasis on crude protein and
crude fiber as well as with all important underground aspects of intercropping, primarily plant-microbial
interactions and nutrient availability.
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