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Changes in the productivity and the yield structural elements in some spring crops sown on 
damaged by frost crops of winter oilseed canola 

G. Delchev*

Department of Plant Production, Faculty of Agriculture, Trakia University, 6000, Stara Zagora, Bulgaria

Abstract. During 2010 – 2012 a field experiment was conducted. Eight hybrids of winter oilseed canola (Brassica napus L.) were investigated: 2 ClearField 
hybrids – PT200CL and Sunset; 1 ClearField Maximus hybrid – PX100CL; 4 conventional hybrids – PT205, Rohan, Exagon and Nelson; 1 conventional 
Maximus hybrid – PR44D06. On fields with damaged by frost winter canola in spring were sown and investigated: 2 conventional hybrids spring oilseed canola 
– Zhura and Williams; 1 cultivar of durum wheat (Triticum durum Desf.) – Elbrus; 3 hybrids oil-bearing sunflower (Helianthus annuus L.): 1 conventional hybrid – 
Arena, 1 ClearField hybrid – Allego and 1 ExpressSun hybrid – P64LE20; 2 hybrids grain maize (Zea mays L.): 1 cool resistance conventional hybrid – Novatop 
and 1 Duo System hybrid – Blason duo; 1 hybrid grain sorghum (Sorghum bicolor Moench.) – Alise.

Seed yield of spring oilseed canola hybrids Zhura and Williams with optimal sowing densities are lower than the yields of winter hybrids Exagon and 
Nelson with minimum sowing densities. Changes in the seed yield of oilseed canola due to changes in number of seeds per pod, seed weight per pod and 1000 
seeds weight. After plowing of fields with damaged by frost winter canola hybrids spring durum wheat should not be planted. Changes in the grain yield of durum 
wheat are due to changes in number of grains per spike, grain weight per spike, and 1000 grains weight. After plowing canola crops it is appropriate to sow 
imitolerant or tribenulon-methyl tolerant sunflower hybrids instead of conventional sunflower hybrids. Changes in the seed yield of oil-bearing sunflower are 
due to changes in number of seeds per head, seed weight per head and 1000 seeds weight. After plowing of canola, more weeded fields should be sown with 
cycloxydim tolerance maize hybrids and less weeded fields – with conventional maize hybrids. Changes in the grain yield of maize are due to changes in 
number of grains per cob, grain weight per cob, and 1000 grains weight. Grain sorghum grown by Concept technology is a suitable crop for sowing on fields 
after damaged by frost winter canola. Changes in the grain yield of sorghum are due to changes in number of grains per panicle, grain weight per panicle, and 
1000 grains weight.

Keywords: winter and spring oilseed canola, durum wheat, oil-bearing sunflower, grain maize, grain sorghum

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 7, No 3, pp , 2015328 - 333

Introduction Newman, 1996).
The aim of this experiment is to investigate the changes in the 

productivity and in the structural elements of the yield in 5 spring Canola is the main oilseed crop in more than 32 countries 
crops - spring oilseed canola, durum wheat, oil-bearing sunflower, worldwide. It is the second most important oilseed crop in the world 
grain maize and grain sorghum, which are sown on damaged by as well as in our country and its area increased significantly. As a 
frost crops of winter oilseed canola.result of increasing the demand for vegetable oils and protein, its 

economic importance is steadily increasing. In connection with this 
intensive selection work is carried out to create new high-yielding, 

Material and methodsnon-eruc acid and low-glucosinolate hybrids. They are tested in 
many countries to establish the most appropriate for each of them 
(Kostov and Angelov, 1986; Tomas and Dasilva, 1988; Krumm, During 2010 – 2012 a field experiment was conducted on pellic 
2001; Murray, 2001; Ivanova and Kolev, 2004). vertisol soil type. A field experiment was carried out as a block 

2Weed control is very important in the initial stage of crops method in 4 repetitions, on a 20 m  harvesting area. Eight hybrids of 
development, when they are less competitive. In crops of oilseed winter oilseed canola (Brassica napus L.) were investigated: 2 
canola, wheat, sunflower, maize and sorghum weeds of various ClearField hybrids – PT200CL and Sunset; 1 ClearField Maximus 
organic groups occur. The implementation of the biological potential hybrid – PX100CL; 4 conventional hybrids – PT205, Rohan, Exagon 
of these crops is closely related to the removal of the harmful effects and Nelson; 1 conventional Maximus hybrid – PR44D06.
of weeds (Wall, 1992; Shimi et al., 2004; Nikolova and Chipeva, On fields with damaged by frost winter canola, at the spring 
2007; Salimi et al., 2007; Salimi et al., 2009). The use of herbicides were sowed and investigated: 2 conventional hybrids of spring 
creates favourable conditions for germination, growth and oilseed canola - Zhura and Williams; 1 cultivar of durum wheat 
development of these crops and also for the creation of well topped (Triticum durum Desf.) – Elbrus; 3 hybrids oil-bearing sunflower 
and high-yielding crops (Martin, 2001; Senior and Bavage, 2003). (Helianthus annuus L.): 1 conventional hybrid – Arena, 1 ClearField 

The absence of selection of oilseed canola in our country hybrid – Alego and 1 ExpressSun hybrid – P64LE20; 2 hybrids grain 
requires testing of foreign hybrids for use in practice. The large maize (Zea mays L.): 1 cool resistance conventional hybrid – 
number of canola hybrids is characterized by different winter Novatop and 1 Duo System hybrid – Blazon duo; 1 hybrid grain 
resistance and in adverse weather conditions some hybrids die in sorghum (Sorghum bicolor Moench.) – Alise. These variants have 
winter or their crops are severely diluted (Dann et al., 1987; Lukacs been also sown on the areas with traditional for each of those crops 
and Halasz, 1987; O'Donovan, 1991; Klaus, 1992; O 'Donovan and soil tillage.

* e-mail: delchevgrd@dir.bg
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Weed control in canola ClearField hybrids PT200CL, Sunset harvest years.
and PX100CL is derived by ClearField technology with herbicide Spring canola hybrids Zhura and Williams were sown on the 
Cleranda (imazamox + metazachlor) at dose 2 l/ha. Weed control in area of 100% frost damaged winter canola hybrids. Pre-sowing 
conventional hybrids PT205, Rohan, Exagon, Nelson and PR44D06 cultivation was done by harrowing and two rollings – pre-sowing and 
is done with the new herbicide Salsa (ethametsulfuron-methyl) at after-sowing. Sowing was done in late February – early March at the 
dose of 20 g/ha, as a tank mixture with herbicide Panthera earliest opportunity to work in the field. The crop was with optimum 

2(quizalofop-P-tefuryl) at dose 800 ml/ha. These three herbicides spring canola density of 70 – 80 plants/m .
were treated in 4 – 6 leaf stage of winter canola. During the first two Seed yields of spring hybrids Zhura and Williams with optimal 

2years of the study they were treated in autumn, and in 2013 – in the density of 70 – 80 plants/m  are lower than the yields of winter 
spring due to the long delay in the canola development. Spring hybrids Exagon and Nelson with minimum density of 15 – 20 

2canola hybrids Zhura and Williams were treated with herbicide plants/m . The mean yields of Zhura and Williams are respectively 
Butizan max (metazachlor + quinmerac + dimethenamide) at dose of 2296 kg/ha and 2247 kg/ha as opposed to 2687 kg/ha and 2760 
2.5 l/ha after sowing – before the emergency period (ASBE). kg/ha in Exagon and Nelson. These results show that it is better to 

Weed control in durum wheat is done with herbicides Palace harvest crops of winter canola hybrids with minimum density 15 
2(piroxulam) at dose of 250 g/ha and Derby super (florasulam + plants/m  instead of resowing them with spring canola hybrids.

aminopyralid) at dose 25 g/ha. They were treated as a tank mixture To explain the changes in seed yield some of the structural 
in tillering stage of durum wheat. elements which determine it were investigated. Differences in 

Weed control in sunflower is displayed: by conventional weather conditions in different years of study and in the efficiency 
technology with herbicide Pelican (diflufenican) at dose of 250 and selectivity of the investigated herbicides lead to changes in the 
ml/ha, after sowing – before emergency of sunflower and Raft parameters of pod length, seed number per pod, seed weight per 
(oxadiargyl) at dose 800 ml/ha, treated in 3 – 4 pair of true leaves pod and 1000 seeds weight. These differences are mathematically 
stage of sunflower; by ClearField technology with herbicide Pulsar proven by analysis of variance applied. On average for the period the 
(imazamox) at dose of 1,2 l/ha and herbicide Stomp (pendimethalin) largest were differences in the indicators seed number per pod, seed 
at dose of 2,3 l/ha, treated as a tank mixture in 3 – 4 true leaf pair weight per pod and 1000 seeds weight. The increase in pod length is 
stage of sunflower; by ExpressSun technology with herbicide less, but it is also mathematically proven. This indicator has less 
Express (tribenuron-methyl) at dose 40 g/ha and herbicide Stratos influence on the magnitude of the yield. More important is the winter 
ultra (cycloxydim) at dose 2 l/ha, treated as a tank mixture in 3 – 4 oilseed canola pods to be filled with two rows of normally developed, 
true leaf pair stage of sunflower. well-fed and ripe seeds.

Weed control in maize is done: by conventional technology with Plant height is lower in winter oilseed canola hybrids PX100CL 
herbicide Elumis (nicosulfuron + mesotrione) at dose 2 l/ha, treated and PR44D06 which belong to the Maximus product line. Spring 
in 4 – 8 leaf stage of maize; by Duo system technology with herbicide oilseed canola hybrids Jura and Williams are characterized by the 
Stratos ultra (cycloxydim) at dose of 2 l/ha and herbicide Arat highest plant height.
(tritosulfuron + dicamba) at dose of 200 g/ha treated as a tank On the area of frozen winter canola durum wheat cultivar Elbrus 
mixture in 4 – 8 leaf stage of maize. was sown in early spring. The cultivar was planted as soon as 

Weed control in sorghum is done by Concep technology with possible to enter the field. A pre-sowing cultivation was done 
herbicide Dual gold (S-metolachlor) at dose of 1.5 l/ha, after sowing accompanied by harrowing. Grain yields of durum wheat in spring 
before emergency of sorghum and herbicide Weedmaster (2.4-D + sowing are lower than those in normal autumn sowing from 27.5% to 
dicamba) at dose of 1.2 l/ha, treated in 3 – 7 leaf stage of sorghum. 36.1% (Table 2). The mean yields in spring sowing are 1661 kg/ha 

The weak adhesion of some herbicides required their less compared to autumn sowing.
application with adjuvants: herbicides Cleranda, Pulsar and Arat Lower yields are mainly due to the lower tillering of durum wheat 
with adjuvant Dash – 500 ml/ha; herbicides Salsa and Express – with in spring sowing, the smaller grain number per spike, grain weight 
adjuvant Trend – 0.1%.; herbicide Palace – with adjuvant Dassoil – per spike and 1000 grain weight. Decrease in the spike length was 
500 ml/ha. found at spring sowing. The decrease in this indicator is less, but it is 

The changes occurring in grain yields and seed yields, and in also mathematically proven. Spike length has less influence on the 
the structural elements of the yield of the 5 field crops – oilseed magnitude of the yield. The spike can be very long, but lax, with a 
canola, durum wheat, oil-bearing sunflower, grain maize and grain smaller number of spikelets in the spike spindle. More important is 
sorghum were investigated. the durum wheat spikes to be full filled with well-fed and ripe grains, 

Mathematical data processing was done by the method of without sterile spikelets at the base and at the top of the spike. The 
analysis of variance. types of sowing also influence plant height. It is lower in spring 

sowing. This is due to the more rapid passage of the stem elongation 
stage.

Secondary weeding with broadleaf weeds is also a reason for Results and discussion
the decrease in grain yield. In spring sowing herbicides with soil and 
foliar activity should be used. Significant differences in grain yield Hybrids PT200CL, Sunset, PX100CL, PT205, Rohan and 
showed that after plowing an area of frozen canola hybrids should PR44D06 in the three years remain at optimal density of 40 – 45 

2 not be planted with spring durum wheat.plants/m . They overwinter at 95 – 100%, despite the adverse 
On the areas of frozen winter canola 3 oil-bearing sunflower weather conditions during the years of the investigation, due to their 

hybrids were sown from the three technologies for sunflower very good cold and winter resistance and the applied chemical 
growing – conventional, ClearField and ExpressSun. Sowing was treatments. This ensures high seed yields (Table 1). Hybrids Exagon 
carried out between 20 and 25 March. These 3 hybrids – and Nelson had the minimum of canola crop density of 15 – 20 

2 respectively, Arena, Alego and P64LE20, were planted at the same plants/m  due to damages by frost about 50 – 60% in the three 
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time and on an area with traditional sunflower soil cultivation. It was and tribenuron-methyl tolerant P64LE19 was found. The increase in 
found that the reduction in seed yield at sowing after canola this indicator is less, but it is also mathematically proven. The head 
compared to normal sowing is mathematically proven only in the diameter has less influence on the magnitude of the yield. Sunflower 
conventional hybrid Arena (Table 3). Reduction is 6% – 10.2%. In head can be very large, but in the central circles it can contain a 
hybrids Alego and P64LE20 reduction of yields is less and not larger number of infertile, sterile seeds that are composed only of 
mathematically proven. It is 2.5 – 7.5% in Alego and 2.2 – 7% in peels. They are blown away by the harvester during harvest and do 
P64LE20. not participate in the formation of the yield. 

Differences in weather conditions in different years of study, in The investigated hybrids are different in their plant heights as 
soil tillage and in the efficiency and selectivity of the investigated well. Plant height is the lowest in the conventional hybrid Arena. This 
herbicides lead to changes in the parameters of the head diameter, is due to the competition between the weeds and the sunflower 
seeds number per head, seed weight per head and 1000 seeds plants. Eliminating the negative effect of weeds in hybrids by 
weight. These differences are mathematically proven by the analysis ClearField and ExpessSun technologies leads to an increase in 
of variance applied. On average for the period the largest are the plant height at both types of sowing – after failed winter canola and 
differences in the indicators seeds number per head, seed weight after normal soil tillage. The main reason for these differences in the 
per head and 1000 seeds weight. Increase in the head diameter at yields is the larger number of weeds in hybrid Arena. In conventional 
the three sunflower hybrids – conventional Brio, imitolerant Neoma technology weed control is difficult and it was relied to a great extent 

Table 2. Grain yield and structural elements of the yield at spring and autumn sowing of durum wheat (mean 2010 – 2012)

*, **, *** Statistical significance at P<0.05, P<0.01 and P<0.001

Cultivars Spike length, 
cm

Spikelets
per spike,

 num.

Grains per 
spike, number

Grain weight 
per 

spike, g

1000 grains 
weight, g

Plant height,
cmKg/ha %

Grain yield

Elbrus (spring sowing after canola)

Elbrus (normal autumn sowing)

P<0.05

P<0.01

P<0.001

3547***

5208

234

345

456

  68.1

100

6.1*

7.6

1.3

2.2

3.3

20.1*

22.2

  1.2

  2.6

  4.5

35.2***

47.4

  4.5

  6.9

  9.0

1.78***

2.66

0.26

0.49

0.62

46.8**

50.8

  2.2

  4.0

  5.9

81.2**

88.2

  3.4

  5.2

  7.1

Table 1. Seed yield and structural elements of the yield of winter and spring oilseed canola hybrids grown by conventional 
and ClearField technologies (mean 2010 – 2012)

*, **, *** Statistical significance at P<0.05, P<0.01 and P<0.001

Hybrids Pod length,
cm

Seeds per 
pod, number

Seed weight 
per pod, g

1000 seeds 
weight, g

Plant height,
cmKg/ha %

Seed yield

Winter ClearField hybrids

Winter ClearField Maximus hybrid

Winter Conventional hybrids

Winter Conventional hybrids

Spring Conventional hybrids

2PT200CL– St. (40-45 plants/m )

Sunset (40-45 plants/m )2

PX100CL (40-45 plants/m )2

PT205 (40-45 plants/m )2

Rohan (40-45 plants/m )2

Exagon (15-20 plants/m )2

Nelson (15-20 plants/m )2

PR44D06 (40-45 plants/m )2

Zhura (70-80 plants/m )2

Williams (70-80 plants/m )2

P<0.05

P<0.01

P<0.001

3489

3579ns

3424

3433

3472

2687***

2760***

3400ns

2296***

2247***

262

313

374

100

102.6

  98.1

  98.4

  99.5

  77.0

  79.1

  97.2

  65.8

  64.4

8.8
ns8.8

8.6

8.8

8.8

8.5

8.5

8.6

8.2

8.1

1.0

2.2

3.7

34.2
ns34.4

33.4

34.0

34.2

30.4*

30.0*

33.6

28.2**

28.6**

  3.1

  4.5

  6.3

0.098
ns0.111

0.088

0.090

0.094

0.072*

0.073*

0.088

0.056***

0.054***

0.024

0.037

0.040

3.40
ns3.44

3.38

3.40

3.42

3.30*

3.32*

3.38

3.15***

3.14***

0.07

0.13

0.25

138.8

140.3ns

125.0***

139.0

140.3

143.4

144.5

123.5***

146.9*

147.1*

    7.2

    9.4

11.8
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on deep plowing and tilling of the weed seeds at bigger depth. With the normal sowing is approximately equal (Table 4). In hybrid 
ClearField and ExpressSun technologies a less decrease in yields is Novatop reduction in yield ranged from 4.9% to 10.7%, while in 
due only to the negative influence of low tillage and densified soil hybrid Blazon duo it was from 6% to 11.2%.
after canola. With these two technologies, the high efficiency of the Differences in weather conditions in different years of study, in 
using herbicides is the reason for good control of weeds in both soil tillage and in the efficiency and selectivity of the investigated 
sowings – after canola and after deep plowing. These results lead to herbicides lead to changes in the parameters of the cob length, 
the conclusion that after plowing canola crops it is appropriate to sow grains number per cob, grain weight per cob and 1000 grains weight. 
imitolerant or tribenulon-methyl tolerant sunflower hybrids instead of These differences are mathematically proven by the applied 
conventional sunflower hybrids. analysis of variance. On average for the period the largest are the 

On the areas of frozen canola 2 maize hybrids were sown, by differences in the indicators grains number per cob, grain weight per 
two technologies for maize growing – conventional and Duo system. cob and 1000 grains weight. Increase in the cob length at the two 
Cool resistant, conventional hybrid Novatop flint type was sown in maize hybrids – conventional Novatop and cycloxydim tolerant 
the period 20 – 25 March, together with sunflower hybrids. Blason duo was also found. The increase in this indicator is less, but 
Cycloxydim tolerant hybrid Blazon duo dent type was sown in the it is also mathematically proven. Cob length has less influence on the 
period 5 – 10 April. These two hybrids – Novatop and Blazon duo magnitude of the yield. More important is the maize cobs to be fully 
were sown at the same time and space with the traditional maize soil filled with well-fed and ripe grains. The investigated hybrids are 
cultivation. It has been found that the reduction of grain yields in the different in their plant height as well. This is due to the competition 
two hybrids by sowing after frozen oilseed canola in comparison with between the weeds and the maize plants. Eliminating the negative 

Table 3. Seed yield and structural elements of the yield of sunflower grown by conventional, ClearField and ExpressSun 
technologies (mean 2010 – 2012)

*, **, *** Statistical significance at P<0.05, P<0.01 and P<0.001

Hybrids Head diameter,
cm

Seeds per 
head, number

Seed weight 
per head, g

1000 seeds 
weight, g

Plant height,
cmKg/ha %

Seed yield

Conventional technology

Technology ClearField

Technology ExpressSun

Arena (sowing after canola)

Arena (normal sowing)

Alego (sowing after canola)

Alego (normal sowing)

P64LE20 (sowing after canola)

P64LE20 (normal sowing)

P<0.05

P<0.01

P<0.001

2462

2575

131

222

340

19.2/19.6

19.6/20.6

1.3/2.6

2.7/5.4

5.5/9.3

1431.9*

1508.5

    69.1

    90.5

  111.2

68.33

74.52

  7.0

10.2

15.1

48.7

49.4

  3.7

  6.8

10.6

214.3

216.5

18.2

22.0

26.3

  95.6

100

2248*

2438

2463

2548

  92.2

100

  96.7

100

17.3/18.9

18.4/20.0

19.0/19.8

19.4/20.8

1239.3***

1380.1

1432.4*

1514.2

58.42*

66.52

68.24

74.50

44.5*

48.2

48.6

49.2

200.0

203.6

208.8

209.2

Table 4. Grain yield and structural elements of the yield of maize grown by conventional and Duo System technologies 
(mean 2010 – 2012)

*, **, *** Statistical significance at P<0.05, P<0.01 and P<0.001

Hybrids Cob length,
cm

Grains per 
cob, number

Grain weight 
per cob, g

1000 grains 
weight, g

Plant height,
cmKg/ha %

Grain yield

Conventional technology

Technology Duo System

Novatop (sowing after canola)

Novatop (normal sowing)

Blazon duo (sowing after canola)

Blazon duo (normal sowing)

P<0.05

P<0.01

P<0.001

4265***

4707

172

294

435

16.9*

18.1

  0.8

  2.2

  4.9

505.1***

547.3

    7.7

  11.1

  15.3

104.57*

117.61

  10.1

  16.3

  22.4

206.4**

225.4

  12.8

  18.2

  24.7

231.2

237.5

  22.2

  26.8

  31.3

  90.6

100

4416**

4810

  91.8

100

16.9

17.5

508.1***

533.3

105.66*

118.71

208.2*

223.8

223.2

232.7



332

effect of weeds leads to an increase in plant height at both types of Changes in the seed yield of oilseed canola are due to changes in 
sowing – after failed winter canola and after normal soil tillage. number of seeds per pod, seed weight per pod and 1000 seeds 

With Duo system technology reduction in yield is bigger in dry weight.
years as 2012, resulting in the later sowing. At the conventional After plowing of fields with damaged by frost winter canola 
technology, the reduction of the yield is bigger in wet years as 2010 hybrids spring durum wheat should be planted. Changes in the grain 
because of stronger weeding. After plowing of frozen canola, on yield of durum wheat are due to changes in number of grains per 
more weeded areas cycloxydim tolerant maize hybrids should be spike, grain weight per spike, and 1000 grains weight. After plowing 
sown and on cleaner areas conventional maize hybrids should be canola crops it is appropriate to sow imitolerant or tribenulon-methyl 
sown. On areas of frozen canola 1 hybrid sorghum grain was also tolerant sunflower hybrids instead of conventional sunflower 
sown with the new Concep technology for sorghum growing. Sowing hybrids. Changes in the seed yield of oil-bearing sunflower are due 
was carried out in the period 20 – 25 April. The same hybrid was to changes in number of seeds per head, seed weight per head and 
planted at the same time and space with the traditional sorghum 1000 seeds weight. After plowing of canola more weeded fields 
cultivation of the soil. It was found that the reduction in grain yield by should be sown with cycloxydim tolerance maize hybrids and less 
sowing after frozen oilseed canola compared to normal sowing is weeded fields – with conventional maize hybrids. Changes in the 
mathematically unproven (Table 5). It ranges from 0.9% to 4.4%. grain yield of maize are due to changes in number of grains per cob, 
Due to the powerful root system of sorghum it is exigent to tillage grain weight per cob, and 1000 grains weight.
depth, and later sowing time allows the soil to be well prepared after Grain sorghum grown by Concept technology is a suitable crop 
failed canola. for sowing on fields after damaged by frost winter canola. Changes 

Differences in weather conditions in different years of study, in in the grain yield of sorghum are due to changes in number of grains 
soil tillage and in the efficiency and selectivity of the investigated per panicle, grain weight per panicle, and 1000 grains weight.
herbicides lead to changes in the parameters of the panicle length, 
grains number per panicle, grain weight per panicle and 1000 grains 
weight. These differences are mathematically proven by the applied References
analysis of variance. On average for the period the largest are the 
differences in the indicators grains number per panicle, grain weight Dann PR, Thomas AG, Cunningham RB and Moore PH, 1987. 
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Table 5. Grain yield and structural elements of the yield of sorghum grown by Consep technology (mean 2010 – 2012)

Hybrids Cob length,
cm

Grains per 
cob, number

Grain weight 
per cob, g

1000 grains 
weight, g

Plant height,
cmKg/ha %

Grain yield

Conventional technology

Alise (sowing after canola)

Alise (normal sowing)

P<0.05

P<0.01

P<0.001

4674

4779

147

272

404

  97.8

100

29.2

30.2

1.4

2.8

5.6

1342.2

1366.5

26.9

30.5

35.0

43.22

44.82

  2.7

  5.7

  9.7

32.2

32.8

1.4

2.9

5.8

112.8

113.3

6.0

8.4

10.9
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