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Abstract

Five oilseed rape genotypes were tested at three sowing dates and
harvested at two developmental phases to determine their effects on green
forage yield and yield components during 2013/14 growing season. The highest
density of canopy was observed at the third sowing date (86 - 157 plants/m?).
Among five genotypes, AbaKus formed the most plants/m? - 109, 106 and 157.
The highest plant height was observed from the first sowing date (94.7 - 104
cm). The examined genotypes formed most leaves/plant, from 8.1 to 9.9
planted at the first sowing date. The cultivar AbaKus expressed a significantly
higher forage yield (61.2 t/ha) during the second harvest phase. Together with
cv. Perko, they had the greatest green forage production potential.
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Introduction

Oilseed rape (Brassica napus and B. rapa L., Brassicaceae) is now the
second most important source of vegetable oil in the world (Starner et al.,
1999). Apart from being one of the most valuable oil crops, oilseed rape could
be cultivated for green forage and silage (Eri¢ et al., 1996). Brassica species,
including radish, turnip, swedes, broccoli, brussel sprouts, cauliflower, and
cabbage (Ayres & Clements, 2002; Mihajlovi¢ et al., 2007) are known for their
rapid fall growth, high biomass production, and nutrient scavenging ability
(Clark, 2012). Grazing season could be extended using Brassica species (late
fall and early winter) by up to 12 weeks, providing high yields of digestible
nutrients to livestock (Reid et al., 1994). One of the goals in agriculture is to
determine optimal sowing date and harvest period for desired yield. Sowing
date moderately influences the quantity and quality of agricultural products,
through exposing the crops to diverse environmental conditions (Singhet et al.,
1998). A thirty-day delay in sowing of forage rape remarkably declines a total
dry matter production by an increase of temperature from the optimal one in the
early growth period (Keogh, 2011, 2014). Harvesting date significantly changes
a dry matter production in plants by extending the growth period (Fraser et al.,
2001). Wiedenhoeft (1993) reported that for maximizing total dry matter (DM)
yield and maintaining good protein and energy levels, forage brassicas should
be harvested any time from early podding stage, up to the stage where the lower
leaves are starting to drop.

The aim of this study was to determine the effect of different sowing
dates and different harvest stages on forage yield and yield components of five
oilseed rape cultivars (Brassica napus L.) in Macedonian agro-ecological
autumn planting conditions.

Materials and Methods

The research was carried out in village Stajkovci near Skopje (42°2'1"
north, 21°30'42" east, 264 elevation), R. Macedonia, during 2013/14 growing
season. Five oilseed rape genotypes were used in this study: two oilseed rape
hybrids — AbaKus, Rohan, two oilseed cultivars — Banacanka and Majdan and
cultivar Perko PVH being typical forage type. Total precipitation (period
September 2013/April 2014) was 313.1 mm, while an average temperature (in
the same period) was 9.5 °C with registered maximum in September — 18.8 °C
and minimum in December — 1.2 °C. The major soil characteristics (at 60 cm
depth) were following: alluvium soil type with 2.1% organic matter, pH was
7.6 (in H20) i.e. 6.6 (in KCI), available P2Os — 13.53 and available KO — 32.24
mg/100 g soil.
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Three sowing dates (September 20", October 4" and October 17") and
two harvest times (presence of flower buds, and 50% of flowering — codes 51
and 65 according to BBCH scale) were evaluated in a randomized complete
block design with three replications. Seeding rate was 20 kg/ha. Individual plot
size was 3.0 x 1.5 = 4.5 m? with 10 rows within a parcel. Basic fertilization of
560 kg/ha NPK 15:15:15 was applied after seeding and 280 kg/ha of calcium
ammonium nitrate was applied in spring as topdressing. The number of plants
per m? was counted before and after winter. The main forage yield components,
such as plant height (cm) and number of leaves/plant, were measured on the
basis of ten plants per plot during vegetation or sampled shortly before the
harvest. The green forage yield per area unit (t ha') was determined by
recalculation of the green forage yield per plot measured in situ. Data were
analyzed using the standard analysis of variance (ANOVA) and means were
separated using the comparisons based on the least significant difference (LSD)
using GLM linear model (SPSS for Windows, Sum of squares, Model 111).

Results and Discussion
Number of plants m?

The number of plants per m2 effects the forage mass of oil seed rape,
and is also an indicator of the plant tolerance to lower temperatures. High plant
densities are creating favorable microclimate for diseases and pests, and at the
same time reducing yield (Kymbr & McGregor, 1999, in: Khorshidi et al.,
2014). Our data showed that numbers of plants/m? were higher before winter
than after winter for all sowing dates. The exceptions were cv's Rohan, Perko
and Banacanka with more plants/m?, 68.3, 50.3 and 64.0 respectively after
winter than before winter when planted on September 20" (Table 1a). This
could be accounted to the genetic potential of the cv's, and to the importance of
the sowing time for plants to resist lower temperatures. Obviously, later sowing
dates caused lesser plant densities, attributed to snowless 2013/14 winter.

Regarding the sowing date and genotypes examined (Table 1b), the
most dense canopy was observed at the third sowing date, with averages from
85.5 (Banacanka), to 157 plants/m? (AbaKus). The statistical analysis proved a
significant difference at the 0.05% level between the third and the first sowing
date (57.0 plants/m?), and between the third and the second sowing date (44.9
plants/m?). Between the genotypes tested, statistically significantly higher
densities were observed for cv’s AbaKus, Rohan and Perko (Table 1b).
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Leach et al. (1999) in their multiannual experiment with oilseed rape,
where crop density varied from 5.13 to 372 plants/m?, concluded that higher
yield is obtained with crop density from 50 to 150 plants/m?.

From the plot with the highest density, the effect was just the opposite,
the yield was lower.

Tab. 1a. Number of plants/m?before and after winter depending on genotype and
sowing date

Bpoj 6uwaxalm? npuje u HaKom 3ume y 3a6UCHOCLL 00 2CHOMUNA U OGMYMA. Cjemee

Genotypes / eenomunosu
AbaKus Rohan Perko Banacanka Majdan
Date before | after | before | after | before | after | before | after | before | after
Jam. . . . . . . i . . .
winter | winter | winter | winter | winter | winter | winter | winter | winter | winter
npe HAKOH npe HAKOH npe HAKOH npe HAKOH npe HAKOH
3ume 3ume 3ume 3Uume 3ume 3ume 3ume 3ume 3ume 3ume
I 112.3 | 105.7 | 60.3 68.3 413 50.3 43.3 64.0 45.0 28.7
1 130.3 | 81.7 | 106.7 | 60.0 | 100.7 | 33.7 83.0 32.7 89.0 22.3
Il 189.3 | 124.7 | 1943 | 76.7 | 2147 | 450 | 138.0 | 33.0 | 153.0 | 20.7

Tab. 1b. Average number of plants/m? depending on genotype and sowing date
bpoj 6uvaxalm? ¥ 3a8ucHocmu 00 2eHomuna u oamyma cjemee (npocjex)

Date Genotypes / cenomunosu Average
Ham. AbaKus Rohan Perko Banacanka | Majdan | npocjex
| 109 64.3 45.8 53.7 36.8 61.9
I 106 83.3 67.2 57.8 55.7 74.0
1l 157 135.5 129.8 85.5 86.8 118.9*
AVerage | 1o 4u 94.4% 80.9% 65.7 59.8 :
npocjex

*The difference between average values is significant at 0.05 level

Plant height

Plant height varied from 94.7 cm (Majdan) to 104.0 cm (Perko) for the
first planting date. For the second sowing date the shortest plants had cv.
Majdan (63.4 cm) and the highest AbaKus (89.3 cm), while the minimum and
maximum values for the third sowing date were observed for cv’s Majdan (62.1
cm) and Perko (67.1 cm). The statistical analyses showed significant
differences between first, second and third and between the second and the
third sowing date. Statistically significant differences between cultivars were
calculated at 0.05% level between AbaKus, Banacanka and Majdan (Table 2).

ArposHame, Boi. 17, 6p. 1, 2016, 59-68



Marjanovic¢-Jeromela et al. (2010) reported results on ten oilseed rape
genotypes sowed at the beginning of September. At the initial phase of
flowering the average plant height varied from 50.0 to 95.0 cm. These values
are similar to the averages from our experiment for the second sowing date
(October 4™). They are as well very similar to those from Spirkovska (2013),
where the average plant height at full maturity varied from 89.0 to 96.0 cm.

Tab.2. Average plant height (cm) depending on sowing date and genotype
Bucuna buwaxa (Cm) y sasucnocmu 00 eenomuna u oamyma cjemee (npocjex)

Date Genotypes / zenomunosu Average
Ham. AbaKus Rohan Perko Banacanka | Majdan | "POcjex
| 103.1 101.2 104.0 97.4 94.7 100.1*
1 89.3 71.3 70.1 63.5 63.4 71.5*
i 61.5 65.4 67.1 62.3 62.1 63.7
Average | g gx 793 80.4 74.4 73.4 -
npocjex

*The difference between average values is significant at 0.05 level

Number of leaves/plant

The number of leaves per plant is proportional to the yield of the forage
mass. In our experiment the number of leaves per plant was determined by
counting leaves during three periods, for each genotype and each sowing date
separately. The lowest values were registered during first count, before winter,
and ranged from 2.9 leaves/plant (Majdan) to 3.4 (AbaKus). The results before
the first and the second harvest (second and third count) were higher, ranging
from 8.4 (Banacanka) to 10.4 (Perko), and from 9.1 (AbaKus) to 11.7 (Perko),
respectively (Table 3). Cultivars that were planted at the first sowing date
formed the most leaves/plant, on average 8.8, ranging from 8.1 to 9.9
(Banacanka and Perko). The second sowing date yielded on average 7.6
leaves/plant, where 6.7 leaves/plant were recorded for cv. Rohan and 8.9 for
cv.Perko. The third sowing date had an average of 6.3 leaves/plant, with min.
6.2 (Banacanka), and max. 6.4 (Rohan) (Table 4).

The statistical analyses proved significant differences at 0.05% between
the first, second and the third, and between the second and the third sowing
date. The significant differences were found between cv's Perko, AbaKus,
Rohan, Banacanka and Majdan, and between Majdan and Banacanka (Table 4).
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Mihajlovic et al. (2007) examined eight oilseed rape genotypes sowed
in autumn and in spring, and found that the average number of leaves per plant
varied from 13.3 to 18.9 with no significant differences for the autumn-sown
crop, whereas the average number of leaves per plant in the spring-sown crop
varied from 6.0 to 47.7.

Tab. 3. The number of leaves per plant depending on genotype and period of counting
bpoj nucmosa no bumsyuy 3a6ucrocmu 00 2enomuna u epujemena bpojarea

. . Genotypes / cenomunosu
Period of counting AVeraoe
Bpujeme bpojarva AbaKus | Rohan | Perko | Banacanka | Majdan .g
npocjex

Before winter 34 | 304 | 303 3.1 2.9 3.1
Ilpuje 3ume

st
Before 1% harvest 93 | 94 | 104 | 84 01 | 93*
Ipuje 1. scemse

nd
Before 2™ harvest | g4 | 96 | 107 | 99 110 | 103+
Ipuje 2. scemse

*The difference between average values is significant at 0.05 level

Tab.4. The number of leaves per plant depending on genotype and sowing date
bpoj nucmosa no bumyuy 3asuchocmu 00 2eHOMUNA U O0AMyma cjemee

Date Genotypes / zenomunosu Average
Ham. AbaKus Rohan Perko Banacanka | Majdan | npocjex
I 8.8 8.9 9.9 8.1 8.3 8.8*
I 6.8 6.7 8.9 7.1 8.3 7.6*
1l 6.3 6.4 6.3 6.2 6.3 6.3
Average | 74 7.3 8.4 7.1 7.6 -
npocjex

*The difference between average values is significant at 0.05 level
Green forage yield

The forage yield of the Brassica cultivars depends on the time of the
harvest (Harper & Compton, 1980). In our study, all genotypes, except Rohan,
had a higher forage yield in the second harvest period (BBCH 65), ranging
from 30.1 t/ha™* (Majdan) to 86.8 t/ha™ (AbaKus) (Table 5). The decline in the
above ground biomass due to the later sawing date results in a significant
forage yield reduction (40.1% for 11 and 52.8% for 111) (Table 5).

Cultivar AbaKus had the significantly highest green forage yields (61.2
t ha') compared to other varieties, showing its great potential for green forage
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yield. The other three cv’s, (Rohan 47.7 t ha, Perko 46.5 t ha'and Banacanka
44.2 t hal), can be considered as promising.

With average green forage yield of 35.6 t ha™, the cultivar Majdan is
the least suitable for forage production, especially when sown late in autumn
and harvested at the beginning of the budding stage (15,3 t ha) (Tab.5).
Marinkovic & Marjanovic-Jeromela (1998) concluded that the forage yield of
oilseed rape is related to the plant height, number of leaves/plant, and plant
density.

Tab. 5. The forage yield (t ha') depending on the harvest time, genotype and sowing date
Tpunoc kpme (t ha'l) ¥V 3a8ucHocmu 00 oamyma cjemse, 0amyma JHcemee u

2eHomuna
Genotypes / cenomunosu
AbaKus ‘ Rohan ‘ Perko Banacanka Majdan
Date Forage yield t hal/ BBCH scale
Jlam. Ipunoc kpme t hat npema BBCH cxanu

51 65 51 65 51 65 51 65 51 65
| 824 | 868 | 678 | 675 | 70.7 | 716 | 59.4 | 68.7 | 42.1 | 644
1 578 | 645 | 30.7 | 50.1 | 33.8 | 479 | 26.7 | 433 | 23.3 | 30.1
11 308 | 45.1 | 27.0 | 434 | 22.7 | 325 | 19.1 | 48.2 | 153 | 38.7

Average forage yield t ha'/BBCH scale
Ipocjeuan npunoc xpme t ha™ npema BBCH cxanu

Average forage yield
t ha! depending on the sowing date

Tpocjeuan npunoc kpme t haty
3a8UCHOCMU 00 damyma ciemee

| 84.6 67.6 71.1 64.1 53.2 68.1*
Il 61.1 404 40.9 35.0 26.7 40.8*
11 37.9 35.2 27.4 33.6 27.0 32.2

Average forage yield t ha* depending on the genotype
Ipocjeuan npunoc kpmeltihay sagucnocmu 00 cenomuna
612 | 477 | 465 | 442 | 356

*The difference between average values is significant at 0.05 level

Our experiments gave similar results when considering cultivar
AbaKus. On the other hand Mihajlovic et al. (2007) reported that Banacanka
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sown in spring produced higher forage yield (31.6 t ha™) compared to the crop
sown in autumn (28.6 t ha™).

Conclusion

Brassica species have a potential to provide additional or supplement
fodder with high fresh forage yields. Generally the forage yields from the first
sowing date — September 20, were higher than the forage yields from the
second and third sowing date. Regarding the production, it is recommended for
the forage mass as feed for livestock to be harvested at 50% of flowering stage.
According to our results oilseed rape cultivar AbaKus proved to be the best for
the green forage production. In addition, the yield of cv. Perko as a typical
forage type is considered as promising.

The two cultivars could be recommended for producing fresh green
forage in the Skopje region.
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[TpuHOC Ha3EeMHE Mace M KOMITOHEHTE MPUHOCA TIET TeHOTUITOBA
yJbaHe penuiie (Brassica napus L.) y 3aBucHOCTH 01
naTyMma cjeTBe U ¢asze )KeTBe

1

Tarjana IpentoBuh!, Buisana Pucrakocka?, 3opan J{umMoB
3natko Apcos!, Pomuna Kab6panosal, Urop Umoscku!

Ylomonpuspeono-npexpambenu gaxynmem, Cxonme, Penybnuxa Maxedonuja
2 Acenyuja 3a punancujcKy noopuiKy y nobonpuspeot u pypaniom paseojy,
Ckonmwe, Penyonuxa Maxedonuja

Caxerak

[ler reHoTWmoBa yJhbaHE pEMUIE j€ TECTHPAHO Y YCIOBUMA TPH
pa3nuymTa JaTyMa CjeTBEe M JKETBe M3BpLICHE y ABHje (aze pa3Buha, y musby
onpehuBama WUXOBOI yTHIaja Ha NPUHOC HAJA3EMHE Mace U KOMIIOHEHTE
npuHOca TOKOM Bererammonor mepuoga 2013/14. Hajsehe BpujemnocTu
I'YCTHHE YyCjeBa yOU€HE Cy Y YJbaHOj pelHIHU IMOocHjaHo] y TpeheMm poky cjeTse
(86 - 157 6mmaka/m?). Ox mer remotmmoBa, AbaKus je mMao HajBuIe
dopmuparux Gumaxa/m? - 109, 106 u 157. Hajpeha Bucuna Guspaka Guna je
NpUCyTHAa KOJ OMJbaka MOCHjaHMX y MpBOM poky cjetBe (94.7 - 104 cm).
HcnutuBaHM TreHOTHIIOBH Cy UMANX HajBHIIE (OPMUPAHUX JHCTOBA MO OUIBIIH,
on 8.1 T0 9.9, y nmpBom poky cjerBe. ['enotun AbaKus je mokazao 3nauajHO
Behu npuHoc kpme (61.2 t/ha) y apyroj dasu xeTBe a CKyma ca T€HOTHIIOM
Perko je umao HajBehu noTeHIMjan MPUHOCA HA3EMHE Mace.

Kwyune pujeuu: yipana penuiia, FeHOTHII, IPUHOC KPME, BpUjeMe CjeTBe,
TYCTHHA CKJIONa
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