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Summary

In the years 2006-2008, comparative studies of productivity and
plant architecture of open pollinated winter oilseed rape cv. NK
Petrol and white mustard cv. Nakielska were undertaken.
Morphological traits, including the stem architecture and display
of the siliques of both species, were studied. The contribution of
the fruiting part of the plant as well as the number of branches with
siliques is higher in winter oilseed rape plants, compared to white
mustard. The total number of siliques on lateral branches of oilseed
rape is also significantly higher than for white mustard. For both
species, lateral branches make a greater contribution to the yield
of each single plant, but for white mustard this contribution is not
as evident as for oilseed rape. Plants of winter rape have about
25% more siliques per stem unit in comparison to white mustard.
Winter oilseed rape siliques contain on average 18.5 seeds. The
mass of winter oilseed rape seeds per silique is strongly linearly
correlated with seed biomass (R? = 0.95). However, the length of
siliques in these species is poorly correlated with seed mass. The
yield of winter oilseed rape is several times higher than that of
white mustard; that of a single oilseed rape or white mustard plant
is 13.8 g or 2.0 g, respectively. In a single plant of oilseed rape,
larger yield is associated with the number of siliques on the lateral
branches and further the total yield of a single oilseed rape plant with
a predominance of very large, large and medium silique categories
based on size. These silique categories constitute 67.7% of the fruits
and account for 80.1% of the plant yield. For white mustard small,
medium and large siliques predominate, comprising 76.7% of fruits,
and account for 78.7% of the total yield.

Introduction

Under Polish climatic conditions, winter oilseed rape is a leading
oil crop, due to its high yield potential and appropriate oil quality
(RATHKE et al., 2006; JANKOWSKI and BUDZYNSKI, 2007; ZALLER
et al., 2008). Additionally, breeding success for this crop over the
last 30 year period has led to its increased economic importance in
Poland and in Europe. New winter oilseed rape cultivars, both hybrid
and open pollinated, produce more lateral branches and siliques, and
in turn have greater productive potential (ZALLER et al., 2008).
The yields of winter oilseed rape are also strongly influenced by
agricultural practices and growing habitat (SIELING and CHRISTEN,
1997; ZALLER et al., 2008). Significantly, few authors (BILSBORROW
et al.,, 1993; SIELING and CHRISTEN, 1997) have considered the
number of seeds per unit area as the most reliable forecast of oilseed
rape canopy yielding.

Furthermore, because a large part of the oilseed rape crop sown
in Poland freezes each year, a new alternative spring oil crop with
appropriate qualitative and quantitative traits is badly needed.
Another cruciferous crop plant, white mustard, is considered to be
the best candidate due to its resistance to frost and yield stability
(ABOU EL-NASR et al., 2006). The productivity of both winter rape
and white mustard depends on many factors, such as plant density,
number of siliques per single plant, and the mass of 1000 seeds

(SIELING and CHRISTEN, 1997).

Presently, the seeds of white mustard are used for growing stubble
intercrops (DORSAINVIL et al., 2005; ZAJAC, 2006), but in the recent
years white mustard has also become an important source of erucic
acid, a substance in much demand by industry (GUNSTONE, 1996;
TAYLOR, 2010). Mutants of white mustard that contain increased
levels of erucic acid in the seed oil, make this species a promising
source of this ingredient in the future. On the other hand, breeding
lines of white mustard with reduced content of glucosinolates in
seeds and erucic acid in the seed oil have been established making
white mustard a potential replacement crop for winter rape (ROY and
SAHA, 2006).

Past analyses of the yield components of winter rape and white
mustard were general, most probably because of the laborious
measurements involved and the tendency of winter oilseed rape
siliques to break during processing. Our research focuses on the
comparable analysis of productivity and plant architecture of
open pollinated winter rape cultivars and a traditional cultivar of
white mustard based on morphological traits of siliques and their
placement on branches. Correlations between plant qualities and
silique qualities were also analyzed.

Material and methods

In the years 2006-2008, plants of winter oilseed rape cv. NK Petrol,
Syngenta® and white mustard cv. Nakielska were collected from
productive fields for 40 km along road no 7. located in communities
of southern Poland, namely: Stomniki; Miechéw; Ksiaz Wielki
and Wodzistaw. Each year plants of both species from at least 10
different fields were collected. The fields chosen had to meet certain
criteria: a flat area of more than 1 ha, regular shape, and high-input
technology. A dose of 160 kg and 80 kg on average N fertilization
for winter oilseed rape and white mustard, respectively, was
required. Phosphorus-potassium fertilization was applied according
to the content of available forms of both nutrients in the soil humus
layer. Ten plants from 5 locations along the diagonal of each field
were collected (2 plants per location).

For each plant, the following biometric measurements were
performed: plant height (main stem), number and length of lateral
branches, including sections with and without siliques. The number
of siliques was counted on both the main stem and each of the lateral
branches. Moreover, siliques were collected from the lower (I),
middle (II) and upper parts (III) of the main stem. From the second
and fourth lateral branch (counted from the bottom), 2 siliques were
collected: one from the lower-middle part (IV) and one from the
middle-upper part (V). Each silique was placed separately in a paper
bag and air-dried. For each air-dried silique, the length of the pedicel,
the length of the pod, number of seeds, the mass of the silique and
the mass of seeds per silique, were measured. The mass of silique
coats and silique harvest index (SHI), representing the contribution
of seeds to the fruit mass, were calculated.

The data were analyzed with descriptive statistical methods and
presented as a mean with standard error (+SE) or with standard
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deviation (SD). Normality of distribution was tested using Shapiro-
Wilk test. Significant differences between means were assessed using
t-Student test (p < 0.05). For selected pairs of traits characterized
by high determination coefficient (R?), regression equations were
calculated. All staistical analyses were performed using Statistica
9.0 software (STATSOFT, 2009).

Results

In the growing season 2005/6, winter conditions for oilseed rape
were difficult, because of the long period of temperatures below
freezing (Tab. 1). On the other hand, snowfalls occuring during
this time provided insulation for over-wintering oilseed rape plants.
Weather conditions at the beginning of March were cool; initation
of leaves and the beginning of intensive growth was noted only at
the beginning of April. Two other growing seasons, notably 2006/7,
were characterized by warm winters and rainy Julys. Such weather
variability and differences in growing seasons is typical in Poland
and is directly related to the over-wintering and yielding quality of
oilseed rape. The months in which generative development of oilseed
rape was noted were much warmer, compared to a multiyear period.
A large amount of precipitation that occurred in September 2007
resulted in the third year of the experiment being too wet. July 2008
was also very wet, resulting in difficulties in oilseed rape harvesting
and seed drying. Weather conditions for the growth and development
of white mustard were good, except that it was too wet in August
2007, when combine harvest was conducted.

Although this difference was not statistically significant, white
mustard developed taller plants compared to those of oilseed rape,
which may be species and cultivar specific (Tab. 2). The number
of fertile branches was comparable for both species and ranged
between 4-7. At the same time, the number of siliques per plant was
about 70% greater for winter oilseed rape. This may be the result of
a significantly higher density of siliques per branch unit for oilseed
rape, but the lateral branches in oilseed rape were also almost two
times longer and had two times more siliques than white mustard
(Tab. 2). Location of the siliques on plants was also species specific.
Winter oilseed rape plants developed two times more siliques on

lateral branches in contrast to the main stem, whereas for white
mustard the ratio of siliques on lateral branches and on the main stem
was approximately 1:1. These parameters influenced the total yield
from a single plant and the number of seeds per plant. For oilseed
rape in comparison to white mustard, these were 7 and 6 times
higher, respectively (Tab. 2). Comparison of single oilseed rape plant
productivity reflects the importance of lateral branches in overall
productivity. Breeding should be oriented toward decreasing plant
height, as that will result in higher penetration of photosynthetically
active radiation (PAR) to the siliques located on lateral branches.
When the main stem dominates over lateral branches as for white
mustard, increased shadowing and decrease of seed biomass in
siliques growing on lower branches is noted.

The relationship between main stem and lateral branches for winter
oilseed rape and white mustard plants is presented in a more detailed
manner in Fig. 1. The average number of siliques per 10 cm of
branch length was greater for mustard, in comparison to oilseed
rape (Fig. 1a). Moreover, the density of siliques on the main stem
of mustard was significantly greater than on lateral branches. All
lateral branches of mustard were characterized by a similar number
of siliques per 10 cm, average range 4-8 (Fig. 1a). Winter oilseed
rape had similar density of siliques for both, main stem and lateral
branches (Fig. 1a). Both species developed the largest total number
of siliques on the main stem (Fig. 1b). Differences between the two
species were observed for lateral branches, as the total number of
siliques showed a decreasing trend for upper branches of oilseed
rape, whereas trend was reversed for white mustard — the total
number of siliques was greater for upper branches (Fig. 1b). These
trends may result from the decreasing length of upper branches
in oilseed rape and increasing length of upper branches in white
mustard plants (Fig. lc and 1d). Main stem and lateral branches
(I - TII) of winter oilseed rape had quite long segments without
siliques (Fig. 1d). This species’ life strategy aimed at localizing
siliques in parts where light penetration was greater, promoting
better seed development. In white mustard the lowest three (I - III)
segments of lateral branches without siliques were significantly
shorter compared to oilseed rape (Fig. 1d), and as a result those
siliques had worse conditions for seed development, because of
increased shading.

Tab. 1: Weather course during winter oilseed rape (A) and white mustard (B) vegetation.

Months A B
Years 01 | 02 | 03 | 04 } 05 | 06 | o7 | o8 ‘ 09 I 10 | 11 ] 12 | 0907 | o04-08

Air temperature [°C] Average

2005 - - - - - - - 168 | 148 | 87 19 | -09 - }
2006 a5 | a1 0.1 92 | 132 | 177 | 22 | 177 | 152 | 113 | 60 3.1 69 | 160
2007 322 | 069 | 637 | 1036 | 1582 | 1813 | 1957 | 1941 | 13.13 | 835 | 113 | -1.05 | 100 | 167
2008 2.0 33 46 86 | 141 | 185 | 191 | 182 - - ] - 83 | 157
19772007| 235 | -108 | 307 | 812 | 1374 | 1650 | 18.19 | 1790 | 1335 | 883 | 294 | -077 | 73 | 149

Rainfall [mm] z

2005 - } - - } ; ; 015 | 323 | 77 | 301 | 877 - -
2006 284 | 340 | 596 | 363 | 596 | 620 | 280 | 926 | 183 | 182 | 432 | 220 | 4657 | 2785
2007 8482 | 3544 | 4654 | 1520 | 5648 | 5881 | 7174 | 124.90 | 212.80 | 78.00 | 49.10 | 22.60 | 4707 |327.1
2008 27 | o1 | 715 | 351 | 275 | 259 | 1421 | 452 - ] - - 6984 | 2758
1977-2007| 30.36 | 2891 | 3539 | 50.19 | 6526 | 80.04 | 74.88 | 7852 | 64.46 | 47.24 | 40.87 | 41.05 | 5586 | 3489
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Tab: 2: Comparison of morphological traits and the elements of seed yield of winter oilseed rape and white mustard.

Morphological traits Winter oilseed rape ‘White mustard LSD g5
Plant height before harvesting (cm) 119.0 = 13.5* 133.4+29.3 r.n.
Height of the lowest productive branch [cm] 91.7+11.8 78.1+23.1 r.o.
No of fertile branches 49=+15 46=+19 r.n.
No of siliques per plant 134.1 £28.6 79.4 +36.2 25.96
No of siliques on main stem 42.0+17.0 36.1+11.2 r.n.
No of siliques on lateral branches 92.1 £24.1 43.3 £26.7 20.14
Mean length lateral branches [cm] 483+ 17.1 27.7+9.5 10.81
Mean length branches without siliques [cm] 325+89 13.0+6.2 6.03
Mean length branches with siliques [cm] 28670 16.0 +3.7 4.37
No of siliques per 10 cm length branches 9.9+3.6 75+£25 243
Single plant yield (g) 13.8+3.0 2.0+09 1.70
Mean seed weight mass on main stem 43x1.7 09+03 0.97
Mean seed weight mass on lateral branches 95+25 1.1£0.7 1.41
No of seeds per plant 2485.0 = 530.9 385.8+175.9 307.95
No of seeds on main stem 778.4 £314.2 175.6 +54.4 175.05
No of seeds on other branches 1706.6 + 446.2 210.2 £ 129.5 255.58
** mean (+ SD)
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Fig. 1: Number of siliques per 10 cm of branch (a), number of siliques per plant (b), length (cm) of lateral branches with silique (c) length (cm) of lateral
branches without siliques (d) depending on placement of branch on winter oilseed rape or white mustard plant. Values are means + SE.

Comparison of siliques between the species tested clearly shows
a domination of winter oilseed rape over white mustard (Tab. 3).
Oilseed rape siliques developed significantly longer pedicels, a
species specific trait. Oilseed rape pods were three times longer
and had almost three times greater weight of silique with seeds.
The weight of seeds per oilseed rape silique was four times higher

than for white mustard (Tab. 3). On average, the number of seeds
per oilseed rape silique was 18.5 and four times greater mass of
seeds per silique than found in white mustard. A comparison of
seed contribution to silique weight, calculated as silique harvest
index (SHI), clearly shows the predominance of oilseed rape over
white mustard, because of a greater contribution of oilseed rape
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Tab. 3: Comparison of morphological traits of siliques of winter oilseed rape and white mustard.

Morphological traits Winter oilseed rape ‘White mustard LSD g5
Pedicel length (mm) 234 +3.2% 122+2.6 0.84
Pod length (mm) 557+175 15.0+2.1 1.31
Silique lenght (mm) 79.1+9.1 273+39 1.77
Silique weight mass with seeds (mg) 170.8 £34.9 63.3+12.5 6.48
Weight mass of seeds per silique (mg) 103.5+29.5 257+6.5 5.05
Weight mass of coats (mg) 67.3+10.2 37.6+7.2 2.50
No. of seeds per silique (pieces) 185+59 49+13 1.02
1000 seed weight mass (g) 5.7+0.8 54+0.8 0.24
Silique harvest index (HI) 0.58 £0.07 0.40 + 0.05 0.018

** mean (+ SD)

Tab. 4: Characteristics of morphological traits of winter oilseed rape siliques depending on the localization on the main stem or lateral branches.

Main stem Lateral branches
LSD
Traits siliques siliques 0.05
mean mean
I* I I v A\
Pedicel length (mm) 18.1 £ 6.5%* 18.3%5.1 182+52 182+5.5 21.7+5.0 21957 21.8%53 245
Pod length (mm) 61.7+9.0 62.8+12.8 55.6+73 60.1 +10.1 57.9+9.0 545+8.4 56.3+8.8 n.s
Siliques lenght (mm) 79.8£13.1 81.1+133 73.8 +8.5 783 +11.9 79.6 £ 11.6 764117 78.0+11.6 n.s.
Silique weight mass 198.2+454 211.8+46.8 175.4+36.5 1953+442 1703 x50.5 1554+392 163.1+45.6 20.67
with seeds (mg)
Weight mass of seeds 113.7+332 1283 +30.5 102.3x33.6 114.8+33.0 101.3+36.9 92.6+31.9 97.1+345 1559
per silique (mg)
Weight mass of coats (mg) 84.5+19.5 834+17.38 73.1+14.1 80.5+17.5 69.0 £ 16.9 62.8+12.3 66.0+15.0 7.26
No. of seeds per silique 203+54 22649 17.8 6.8 202+59 18.7+5.8 17.1+6.5 17.9+6.2 n.s.
1000 seed weight mass (g) 5.65+1.21 572 +0.77 6.00 £ 1.01 5.78 £0.99 5.40 £ 0.89 5.57+1.17 5.48 £1.03 n.s.
Silique harvest index (HI) 0.57 £0.08 0.60 = 0.03 0.57 £0.10 0.58 £ 0.07 0.58 £ 0.08 0.58 £0.08 0.58 +0.08 n.s.

* Jocalization of siliques on the main stem: I - lower, II - middle and III - upper part; localization of siliques on the lateral branches: IV - lower-middle part

and V - middle-upper part.
** mean (+ SD)

seeds (58%) than those of white mustard (40%). At the same time,
the small changeability of the SHI value in both species is worth
underlaying (Tab. 3).

Detailed comparison of siliques located on the main stem and
lateral branches of oilseed rape shows that fruits developed on
lateral branches had longer pedicels (Tab. 4). The weight of siliques
with seeds and the weight of seeds per silique were higher in fruits
developed on the main stem. This distribution of traits demonstrates
the significance of the amount of photosynthetically active radiation
reaching siliques. Fig.2 features the localization of different
categories of siliques on main and lateral branches of oilseed rape
and white mustard. The two species showed great similarity in
localization of different categories of siliques. Siliques of lower
mass were localized in both species mostly on lateral branches,
whereas those of large and very large categories were found mostly
on the main stem (Fig. 2). The scope of comparison between two
species was broadened by examining differences of the number of
siliques between the five distinguished categories (Tab. 5). For both

species siliques of mean seed number were dominant categories,
determining the total fruit number in winter oilseed rape in 28.9%
and white mustard in 28.7%. Pedicel length was a highly stable
trait, independent of the size of the siliques. The number of seeds
per silique was weakly correlated with pod length, as for very small
pods it was 54.9 mm and for very large pods only 64.7 mm. At the
same time, siliques that were slightly different in length differed
greatly in their seed mass. The seed yield of very small siliques was
60.1 mg, whereas the yield of very large siliques was 164.2 mg. On
the other hand, the productivity of large siliques was accompanied
by seed diminution, as the mass of 1000 seeds decreased by about
23% and 15% for oilseed rape and white mustard, respectively
(Tab. 5). Changes in canopy management should be undertaken,
leading to increasing the mass of seeds procured from large and very
large siliques, developed earlier, but localized in the middle part of
canopy, where PAR penetration is low. Significantly lower silique
harvest index of very small siliques of winter oilseed rape indicates
a tendency to produce a smaller number of seeds, which have better
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Fig. 2: Biosociological localization of silique categories on the main stem

and lateral branches of winter oilseed rape (A) and white mustard

(B).

growth conditions and as a result higher biomass (Tab. 5).

Between the seed mass per oilseed rape silique and the total
mass of the silique, a linear correlation with a high coefficient of
determination R? = 0.945 was observed (Fig. 3A). Such strong
colinearity of both traits suggests the reliable use of total silique
biomass as a predictor of yield. In white mustard (Fig. 3B), the

correlation between both of these traits also was high (R? = 0.801),
despite the different shape of fruits of the genus Sinapis and a
lower silique harvest index. Between seed mass and seed number
per silique, an almost analogical correlation was noted. However,
as expected, the length of the silique of either of the two species,
oilseed rape or white mustard, was very poorly correlated with seed
mass. Reasons for that were given earlier in Tab. 3, 4 and 5.
Correlations between seed mass per silique and seed coat or silique
harvest index (SHI) for each species are given in Fig. 4. Between
both components of silique biomass, correlations were of temperate
strength and of power relation. Silique harvest index of oilseed
rape siliques was strongly correlated with single silique mass (R? =
0.819). In the case of white mustard, correlation of those traits was
weak, most probably because of lower seed number per silique (see
Fig. 4B).

In our work, the yield of oilseed rape and white mustard was
examined on two levels: that of the single plant and the canopy.
Single plant yield of oilseed rape and white mustard was on average
13.8 g and 2.0 g, respectively (see Tab. 2). Siliques developed on
branches contributed at a higher level to overall plant yield. All
categories of siliques were found on lateral branches in both species,
although the most frequent were those of lower seed number and
mass. Comparison of silique categories clearly points out that in the
case of oilseed rape large, medium and very large siliques contribute
most strongly to single plant yield (Tab. 5). These categories
contributed 80.1% to the seed yield of winter oilseed rape. For
white mustard those categories included small, medium and large

Tab. 5: Characteristics of silique properties depending on number of seeds per silique (silique category) in winter oilseed rape (A) and white mustard (B)

8 Silique category
Trait 3
& very small small medium large very large
No of seeds per category A <13 14-19 20-25 26-30 >31
B <3 4 5 6 >7
Contribution of silique A 17.8 14.4 28.9 24.4 144
category per plant (%) B 14.0 25.3 28.7 22.7 9.3
Pedicel length (mm) A 23.9+4.4 23.2+2.6 23.2+2.8 23.4x1.9 23.5+2.1
B 11.0£1.6 11.9+3.2 12.8+2.1 12.1£2.4 13.9+2.9
Pod length (mm) A 54.9+10.1 54.5x10.6 57.9+7.7 64.1+£7.7 64.7+3.3
B 12.4x1.4 14.2+1.4 15.5+1.5 16.2+1.7 17.7%1.5
Silique length (mm) A 78.9+12.6 77.8+12.3 81.1+8.5 87.5+7.2 88.2+2.8
B 23.5+2.4 26.1£3.9 28.2+2.8 28.4+34 31.6x3.7
Silique weight mass A 124.6+33.1 162.3+35.2 199.7+32.3 233.2+38.4 244.1£27.4
with seeds (mg) B 43.7+7.8 56.7+6.8 67.9+6.9 71.9+8.7 82.4+5.9
Weight mass of seeds A 60.1+£20.4 93.9+18.1 126.5+19.6 152.5+24.4 164.2+19.6
per silique (mg) B 15.8+3.8 21.9+3.9 27.7£2.7 30.1£3.5 35.4£3.8
Weight mass A 64.5+17.6 68.4+20.0 73.2+14.5 80.7x17.3 79.9+9.2
of silique coat (mg) B 28.0+5.6 34.8+5.6 40.2+6.5 41.7+6.7 46.9+3.9
1000 seed weight mass (g) A 6.38+1.29 5.93+1.01 5.65+0.75 5.37+0.74 4.93+0.46
B 5.71£0.96 5.47+0.98 5.54+0.54 5.02+0.58 4.88+0.57
Silique harvest index (HI) A 0.47+0.10 0.58+0.05 0.63+0.03 0.65+0.04 0.67+0.02
B 0.36+0.05 0.39+0.06 0.41+0.04 0.42+0.04 0.43+0.03
Share of silique category A 8.77 11.14 30.01 30.61 19.47
in plant yield (%) B 8.54 21.47 30.76 26.43 12.80
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Fig. 4: Relationship between seed mass of winter oilseed rape (A) and white mustard (B) and mass of silique coats and seed ratio per total silique mass.

siliques, that jointly contributed 78.7% to the yield. According to
expectations, in both species very small siliques contributed at
a much lower level to plant yield. That way of presentation of
seed size share in a total yield is a new approach, allowing better
understanding of the productive possibilities of a single plant
creating a canopy in a temperate climate. Our study also permits a
more clear understanding of the value of silique number and size for
creating productivity of winter oilseed rape and white mustard.

As the result of production by morphologically different oilseed

species, different yield per unit area was noted (Fig. 5). Each year,
during the three year period, winter oilseed rape produced several
times greater yield in comparison to white mustard. On the other
hand, white mustard yield was more stable between years, whereas
winter oilseed rape yields differered and were more dependent on
weather conditions during the growing period. The lowest oilseed
rape seed yield was obtained in the 2007/8 growing season when
excessive precipitation in the beginning and in the end of vegetative
season occurred.
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Discussion

Each of the silique traits measured in this study exhibited significantly
greater variances between silique size and number of siliques
depending on location on the stem in oilseed rape and mustard. The
larger number of siliques from primarily lateral branches growing
from lower part of rape main stem was noted for rapeseed. Opposite
results were observed for mustard. Phenotypic correlations between
the size of the silique and stem length reported by KADKOL et al.
(1985) in rape were slightly different in the lower part of the main
stem. LEBOWITZ (1989) pointed out that many of the silique traits
indicated high potential of heritageabilities within species.

In 1979, under controlled greenhouse conditions, DIPENBROCK and
GEISLER indicated that the rate of oilseed rape seed development
depended on the position of siliques on the plant. In addition, the
unit weight of seed mass varied depending on silique position on the
main stem. During the seed filling stage, a large part of the biggest
seeds comes from main stems, whereas at the end of seed filling stage
the largest seeds were located on the lateral branches. At maturity,
higher yield was obtained from main stem. These authors proposed
a breeding program aimed at reduction of lateral branch length in
favor of developing more siliques on the main stem. Our paper has
confirmed this earlier report (DIPENBROCK and GEISLER, 1979) and
pointed to the main stem as the most productive part of plant.

KHAN et al. (2008) observed highly significant correlation between
plant lateral branches and pod length (-0.93), seeds per silique (-0.88)
and yield per ha (0.78). Silique length was correlated strongly and
significantly with seed yield per ha (0.88). These authors suggested
further selection for reduction in the number of oilseed rape lateral
branches as useful for yield and yield quality improvement. SANA
et al. (2003) pointed out that the number of siliques per plant is
determined both by environment conditions and genotype. Those
results correspond to results obtained by CHOWDHURY et al. (1987)
and SINGH and SINGH (1996) and partly with our results, as we
obtained a positive correlation between the weight of seeds per
silique with the length of the silique and also with the weight of the
silique, both in oilseed rape and mustard. In the categories of large
and very large siliques the amount of smaller seeds was greater. It
can be assumed that this type of seed distribution in silique categories
results from good light penetration into the canopy. DIPENBROCK and
GEISLER (1979) and NITSCH (1976) indicated that silique length is
the most suitable predictor for yield, because longer siliques had a
larger number of seeds.

It is thought (BOELCKE and VIETINGHOFF, 1987; OLLERENSHAW

et al., 1999) that oilseed rape plants can compensate for lost buds
and siliques through the development of additional lateral branches.
Such a phenomenon was noted by LARDON and TRIBOI-BLONDEL
(1995), who noted increase in the number of lateral branches
and additional siliques as a result of poor over-wintering. Under
controlled conditions, loss of flowers from lower parts of lateral
branches was tolerated by oilseed rape plants, as they were less
productive (DANIELS et al.,, 1986). For this reason, removal of
flowers from the lower parts of stem did not significantly influence
plant yield (TOMMEY and EVANS, 1992).

Density of seed sowing is the most important feature of crop
management. UZZAMAN (2008) obtained significant diversity of
silique number on the main stem depending on the sowing rate.
This author indicated that the number of siliques decreases with the
increase in sowing density. Other Authors (ALI et al., 1990; MISRA
and RANA, 1992; ROy et al., 1993) also confirmed those findings.
In addition, increased canopy density leads to a decrease in silique
vitality (SIDDIQUI, 1999). KUMAR (1984) noted, that rape cultivation
in narrow rows (30 cm) resulted in increased yield per unit area, but
decreased number of siliques and weight of seeds. Our results have
shown diversity in the number of siliques per plant and the weight
of seeds in oilseed rape and mustard at a row spacing of 45 cm.
Nevertheless, oilseed rape produced higher yields than mustard.
JANKOWSKI and BUDZYNSKI (2003) obtained negative genotypic
correlations (-0.318) between the number of seeds per silique
with yield of oilseed rape. KHAN et al (2006) and CHOWDHURY
et al. (1987) obtained a positive correlation between the number of
siliques with the length of siliques in rape and mustard. Our results
indicated an equally positive correlation between the number of seed
per silique with their weight in oilseed rape (0.739) and mustard
(0.748) and between the weight of seeds per plant with weight
of seeds per silique in oilseed rape (0.819) and mustard (0.499).
The most effective factor of yield (number of siliques per plant) is
determined by plant density per unit area whereas both the number
of seeds in each silique and the weight of siliques are modified by
crop management techniques. WANG et al. (2007) did not show
significant correlation between yield loss and plant height or number
of branches per plant, but on the other hand yield was correlated with
silique length and relations between silique length and width. The
present paper confirmed, that the size of the silique is an important
trait in yield moderation, as the total yield of a single oilseed rape
plant with a predominance of very large, large and medium silique
categories based on size was higher, comparing to smaller siliques.
DHILLON et al. (1990) and MARJANOVIC et al. (2008) noted that
length of the main stem and lateral branches influenced the yield
of oilseed rape. In our studies, such a relationship was also noted,
as taller oilseed rape plants (taller main stem) produced a larger
number of siliques and, as a result, higher plant yield. The reverse
relationship was noted for mustard plants, where the height of plant
was not correlated with plant yield.

INAYT-UR-RAHMAN et al. (2009) and AHMAD et al. (2008) indicated
that the length of the silique pedicel influences the size of silique.
On the contrary, ISLAM et al. (2004) indicated that the length of
the pedicel is a feature of the genotype and constant regardless of
environmental conditions. In the present paper we have confirmed
the results of AHMAD et al. (2008), showing diversification of pedicel
length among tested species. Our research has proved, that on the
main stem, large siliques had shorter pedicels, in comparison to
siliques developed on lateral branches. Moreover, species-dependent
differences in this trait were shown. Oilseed rape produced shorter
pedicels on the main stem, compared to those of mustard.
According to LEBOWITZ (1989) the average features in Brassica
campestris (L.) for pedicel, pod, silique length are: 13.4 mm,
40.5 mm and 67.3 mm, respectively. The number of seeds per
silique is 6. Both pod and total silique length showed the highest
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repeatability of measurements and were highly correlated with both
seed number and seed weight per silique. The author suggests that
these silique-related morphological traits could be used as indirect
indices of selection in breeding for improved seed yield in Brassica
campestris L. In our studies, significant relations between silique
length and mass of seeds per oilseed rape silique (0.202*) and
mustard (0.462*), mass of oilseed rape seeds and their number
(0.739*) and mustard (0.748*) were obtained. At the same time,
the assumptions of LEBOWITZ (1989) regarding the importance of
indirect breeding were not confirmed, as greater correlation of traits,
both for oilseed rape and mustard, was achieved by correlating seed
mass per silique with total silique mass. Those results point out
indirect selection of tested traits is not always useful for breeders.
In support of our results, KHAN et al. (2003) and ADOMAS and
MURAWA (2005) indicated that 1000 seed weight is determined
both by genotype and weather conditions. We saw a greater weight
per 1000 seeds for oilseed rape both in main branches and lateral
ones. KHAN et al. (2003) found a positive correlation between
days to flowering and the seed yield. Our results indicated that
rainfall during the flowering stage was the most important factor
for increasing yield. Low rainfall in May 2008 decreased yield of
oilseed rape more significantly than for mustard.

In summary, a breeding program for new mustard mutants should
select those plants that are more similar in plant shape to oilseed rape
plants. Selection of mustard plants should lead to a decrease in the
height of the plant, increase in the number of lateral branches and
number of seeds per silique. Oilseed rape could be a model plant for
a mustard breeding program.

The results of our studies suggest reasons for the 1000 seed
mass differentiation, which depends on silique category and
their localization along the stem. Siliques of large and very large
categories contained more seeds, but of smaller size, and influenced
yield in 50% and 38% for oilseed rape and mustard, respectively.
More important in the yield of both species were siliques of medium
size.

Our results have confirmed the great yield potential of hybrid
varieties, which to a large degree is due to advancements in
breeding. A comparison analysis of yield of two leading oilseed
species in Malopolska region, showed higher yield of oilseed rape
in comparison to white mustard. Process of yield formation was
influenced by both their agronomic and biologic traits.
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