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just before anthesis on 12.7.79. Thirty cm were left on both ends of 

a harvest, and two rows on either side of the harvest acted as guard 

rows. At each harvest plants were cut at ground level and plant 

height measured in cms. Plants were then divided into leaf (less 

than 50% senesced), stem and inflorescence fractions. Inflorescence 

included pods and shoots from terminal and axillary flowering branches. 

These fractions were dried at 38°C for 7 days and dry weight measurements 

taken. Dry weight per plant was obtained by adding these fractions. 

At maturity measurements of seed yield and its components were 

also made. All pods containing more than two seeds were removed from 

the plants, their numbers counted and the pods dried, again at 38°C 

for 7 days. Mean pod minber per plant was calculated from these data, 

A sub-sample of five randomly selected plants was used to determine 

means for dry weight per pod, seed weight per pod, and number of seeds 

per pode, From these five plants, 10 to 15 pods were selected at 

random, the number depending upon the total number of pods per plant. 

Individual pods were weighed after drying, and seed number per pod 

and seed dry weight measured, giving mean values for these characters. 

From seed number and seed weight data, 1000-seed weight was calculated. 

Hull weight per pod was determined by subtracting seed dry 

weight per pod from pod dry weight. The remaining pods from the plants 

were threshed by hand and the seed weighed. Total seed weight was 

determined by adding the two seed weight values. Harvest index was 

calculated by dividing mean total seed dry weight per plant by mean 

top dry weight. The data for each character is average of 10 plants 

per treatment per block. Analyses of variance were carried out on 

these characters and simple correlations determined for associations 

between the characters at maturity.



5.3 Results 

The distribution of top dry weight per plant into its component 

parts i.e. leaf weight, stem weight and inflorescence weight for the 

experimental variables, varieties, fertilizers, and row spacings, is 

shown in Figures 5.1 and 5.2. The general growth pattern and allocation 

of dry matter production of varieties was similar to the experiment 

described in Chapter 2. 

Analyses of variance of the individual plant characters from the 

harvests at 6,8,10,12 and 14 (maturity) weeks after germination are 

given separately and described in their respective sections. The 

mean of the variables and their interactions for which analyses of 

variance showed significant differences are also given in the tables 

next to the appropriate analysis of variance table. As the variables 

and their interactions were mostly non-significant, mean data are given 

only where items were significantly different. Complete data are given in 

appendix 8, 

Dry weight per plant 

There were no significant differences between varieties for dry 

weight per plant throughout the experiment (Table 5.1). Fertilizer 

treatments at W10, W12 and W14 (maturity) had a significant effect 

(p <0.001, p<_0.01 and p <0.001 respectively) on top dry weight per 

plant. The high fertilizer treatment at W10 had a significantly 

greater (p<{0.001) top dry weight per plant than the remaining 

fertilizer treatments (Table 5.2) and at W12 and W14 top dry weight 

per plant for high fertilizer treatment was significantly (p<_0.01 

and p <0.001 respectively) higher than low fertilizer treatment 

whereas the intermediate fertilizer treatment did not differ 

significantly from either high or low fertilizer levels. 

Variety x row spacing interaction at W6 and variety x fertilizer 

and fertilizer x row spacing interactions at W10 were significant (Table 5.1),
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Fig. 5.1. Dry matter distribution in summer rape for three oilseed rape 

varieties and three fertility levels at 7.5cem row snacing, 

KAY , leaves; AA, stem; [LI] inflorescence.
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Table 5.1 Variance ratios and significance of differences from 

analyses of variance for top dry weight per plant for 

three spring oilseed rape varieties at three fertilizer 

levels with two row spacings harvested at 6,8,10,12 and 

14 weeks after germination. 

Item af Weeks after germination 

6 8 10 Le 14 

Blocks 1 17.81 0.71 2.16 6025-5439 

Deheiey (5) 1 1.79 16.05 39.35. 14.35 24.64 

Fertilizer (F) 2 2.30 3.29 23.84 3.62 13.60 

Dee 2 0220 0.70 Hoe 4.26. 2,90 

Variety (V) 2 0.16 0.002 3.18 0.38 1.16 

DxV.,, 2  &.o2” 2.14 1.67 1.57 1260 

FXxV h 0.29 0.87 3.77 44 0.10 

DxFxVv 4k 0.56 0.89 0.15 1.38 0.84 

Brror aH



  

Table 5.2 

  

* Values having the same letter in a row ina 

factor are not significantly different from 

each other. This is followed in Chapter 5 and 6. 
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Means for top dry weight per plant (g) for three oilseed 

row spacing 

7o5cm 

2.99b 

5039b 

505d 

5676b 

LSD 

Pp = 0.05 

0.85 

p = 0.05 

1.59 

Table 5.2. 

rape varieties at three fertilizer levels and two row 

spacings, where significant differences for the three 

factors and their interactions were found in analysis 

of variance of the data (Table 5.1). 

Factors * 

Weeks Fertilizer 

after 
germination low intermediate high 15cm 

8 NS. 4 47a 

10 5e31b ~  5.95b 7.0a 7edla 

12 4.87b 5 .89ab 8.37a Tevla 

14 5.47b 6.70ab 7.56a 7.40a 

Interactions 

6 density x variety Varieties 

Bronowski Erglu Orpal 

(15 cm 2.58 2.57 1.98 
row spacings ( 

(7.5cm 1.94 1.69 2.58 

1O fertilizer x variety Varieties 

Bronowski Erglu Orpal 

fertilizers ( low 3.87 5.70 6.36 
( 
( inter- 6.49 5.26 GeEL 
( mediate 
( high 7.80 W557 8,22 

10 Fertilizer x density row spacings 

15 cm 7eD cm LSD 

p = 0.05 

fertilizers ( low 6.01 4.60 
( 
( inter- 6.53 ey 115 
( mediate 

( 
( high 9239 6.21 

En
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At W6 Bronowski and Erglu had greater dry weight at 15cm row spacing 

than at 7.5 cm row spacing whereas Orpal produced more dry weight per 

plant at 7.5 cm than at 15 cm row spacing (Table 5.2). At W10 

Bronowski produced dry weight per plant in the order high> intermediate> 

low fertility levels whereas Erglu and Orpal had dry weights in order 

of high>low intermediate fertility levels. At W10 there was an 

increase in dry matter per plant from low to high fertilizer treatments 

in both 15 cm and 7.5 cm row spacing but with 15 cm row spacing the 

increase in dry weight from intermediate to high fertilizer treatment 

was much greater than at 7.5 cm row spacing. 

Leaf dry weight per plant 

Varieties did not differ significantly for leaf dry weight per plant 

throughout the experiment except at W8 (Table 5.3) when Bronowski produced 

more (p <0.05) leaf weight than Erglu and Orpal (Table 5.4). At W8 and 

W1o plants at the high fertilizer treatment produced significantly more 

(p<0.001) leaf dry weight than at low fertilizer level whereas leaf 

weight per plant at the intermediate fertilizer level did not differ 

from either low or high fertilizer treatments. At W8, 15 cm row spacing 

produced significantly more (p<0.001) leaf weight than 7.5 cm row 

spacing (Table 5.4). 

Cultivar x row spacing interaction at W6 was significant (p<0.001), 

Table 5.3) when Bronowski and Erglu had more leaf weight at 15 cm than 

at 7.5 cm row spacing whereas Orpal had more leaf dry weight per plant at 

7.5cm than at 15 cm row spacing (Table 5.4). 

Leaf weights were highest at anthesis i.e. at the start of harvests 

at W6 and declined afterwards so that all the leaves had senesced by 

W12 (Figs 5s], 502). 

Stem dry weight per plant 

Varieties differed significantly from one another at Wi0 

(p<0.01, Table 5.5) and at Wl2 (p<0.05). At W10 Orpal produced
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Table 5.5. Variance ratios and significance of differences from 

analyses of variance for leaf weight for three spring 

oilseed rape varieties at three fertilizer levels with 

two row spacings harvested 6,8,10,12 and 14 weeks after 

weeks after germination 

germination. 

Item af 

6 

OK 

Blocks 1 12.97 

Density (D) z 0.87 

Fertilizer (F) 2 lee2 

DxF 2. LekO 

Variety (V) 2 1.82 

Ok 

DxVvV Ss Zz 6.99 

FxVv 4 0.09 

DxFxV f 0.62 

Error 1? 

8 

+e 
13.84 

18.51 

11.69 - 

1.80 

5657, 

3.05 

0.96 

0.47 

* 

10 12 14(maturity) 

7,22 

2093 

6.64. 

0.70 

2.51 

1.54 

0.59 

0.15 
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Table 5.4. Means for leaf weight per plant (g) for three oilseed 

rape varieties at three fertilizer levels and two Yow s?acingsS; wise 
ot gnfe Colt ak: fhe A.t8-5 bow 

3factors and their interactions were found in analysis 

of variance of the data (Table 5.3) 

  

Factors 

Weeks after Varieties fertilizers row spacings 
germination Bronowski Erglu Orpal low medium high 15cm 7.5cm 

8 0.66a O46b O.51b Octlb O.5]ab 0.70a 0.65a Oot 

10 NS - 0.17b 0.32ab 0.36a NS 

Interactions 

6 row spacing x variety 

Varieties LSD 

Bronowski Erglu Orpal p = 0.01 

row spacings (15 cm 1.20 0.91 0.65 
( 0.61 
(75cm 0.75 0.50 eee



= 

as an early maturing type in response to particular ecological 

requirements. According to Prakash (1980) Yellow Sarson (Brassica 

campestris) arose in the Indus-Ganges plains as a mutant of superior 

quality which was selected for its light seed coat, Mizushima and 

Tsunoda (1967) suggested that B. campestris originated in the 

highlands near the Mediterranean sea. It is believed to have spread 

from there northwards and westwards into Scandinavia, Gé¥many’ and 

eastern Europe into those areas under cultivation, and to have 

differentiated into numerous different plant types in both Asia and 

Europe. 

Whether or not B. napus exists ina trucly wild form is not 

known (McNaughton 1976b). He describes LinnaeUs as having recorded 

it in sandy areas of Sweden, but the plants he saw may have been 

escapes from cultivation. By the nineteenth century British rape 

and continental rape were recognised as being EE ie chableron 

leaf characters. It is certain that rape was the biennial form of 

B. napus, and was used as an autumn forage for sheep. Sometimes it 

was grazed lightly and left to yield an oil crop in the following 

summer (Fussell 1955). It is established (McNaughton 1976b) that 

B. napus is an amphiploid derived from the hybridization of B. campestris 

(AA genome, 2n = 20) and B. oleracea (CC genome, 2n = 18). So its 

chromosome number, 2n = 38 and genome designate is AACC (Fig. Lal) 

B. oleracea 

CC. gent = 02x j= 18 

B. campestris 

AA, 2n = 2x = 20 

outbred 
     
    

   

  

crossing 

outbred: ° 

  

B. napus 

AACC, 2n = hx = 38 

mainly inbred 

  
Figure 1.1. Evolution of B. napus (after McNaughton, 1976).
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Table 5.5. Variance ratios and significance of differences from 

analyses of variance for stem weight for three spring 

oilseed rape varieties at three fertilizer levels with 

two row spacings harvested at 6,8,10,12 and 14 weeks 

after germination. 

Item 

Blocks 

Density (D) 

Fertilizer (F) 

Dex a 

Variety (V) 

DxV 

Px V 

DxFxV 

Error 

df 

17 

13.08 

2.16 

1.65 

Ool4 

0.24 

1.12 

0.65 

0.35 

+k 

leeks after germination 

8 

27.76. 

2.80 

0.43 

0.52 

1.79 

0.47 

1.05 

15.38 

10 

* * RK 

25021 

** OK K 

49.27 
7K 

11.85 

1.49 

8.50. 

2.29 

7.03 
2.92 

12 

17.67 "" 

10.89 

7.05 

0.67 

3.97. 

0.31 

0.97 

1.16 

14 

3087 

12.41 

5.52 

0.74 

1.91 

0.23 

0.58 

2049
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Table 5.6. Means for stem weight per plant (g) for three oilseed 

rape varieties at three fertilizer levels and two row 

spacings, where significant differences for the factors 

and their interactions were found in analyses of 

variance of the data (Table 5.5). 

Factors 

Weeks after Varieties fertilizers row spacings 
germination Bronowski Erglu Orpal low medium high 15cm 7.5cm 

  

8 NS NS 1.72a 1.13b 

10 1.54b 1.48b 1.80a 1.46b 1.53ab 1.8ha 1.842 1.37b 

ve 1.5lab 1.38b 1.76a 1.26b 1.63ab 1.76a 1.73a 1.37b 

ihe NS Ns 1.67a 1.43b 

Interactions 

10 fertilizer x variety 

Varieties LSD 

Bronowski Erglu  Orpal * p=0.01 

Low 1.03 1.50 1.84 ° 

fertilizers medium 1.69 1.29 1.60 0.42 

N
Y
 
N
Y
 

as
 
a
 

high 1.89 1.65 1.97



=
 

SS
 

ao
 

heavier stems than both Bronowski and Erglu (Table 5.6), and at 

W12 Orpal again produced heavier stems than Erglu but Bronowski was 

intermediate and did not differ significantly (p> 0.05) from either 

Orpal or Erglu. Fertilizer treatments had a significant effect at 

W10 (p<0.001) and at 12 (p<“0.01). Stem dry weight per plant 

was greatest at the high fertility level at W10 and at W1l2 and it was 

significantly greater (p—0.001 and p<0.05 respectively) than at 

the low fertility level but was not significantly different from the 

intermediate fertility level (Table 5.6). Plants produced significantly 

more stem dry weight at 15 cm row spacing (p<“0.01) than at 7.5 cm 

row spacing from W8 to W14 (maturity). 

At W10 varieties interacted with fertilizer treatments (Table 5.5). 

Bronowski responded in the order of high fertility> intermediate 

fertility>low fertility treatments whereas for Erglu and Orpal the 

order was high fertility> low fertility> intermediate fertility 

treatments. 

Inforescence dry weight per plant 

There were no significant differences between varieties in total 

inflorescence dry weight per plant at any of the harvests (Table 5.7). 

Fertilizer treatments had a significant effect on inflorescence 

production at W10 (p<<0.001), W12 (p<0.01) and wi4 (p< 0.001). At 

W10 and W12, plants in the high fertility treatment produced significantly 

more (p<0.001 and pevOLOL resbectively) amflorascence dry weight 

per plant than in the other two fertilizer treatments (Table 5.8). 

At W14 (maturity) plants in the high fertility treatment had 

significantly (p<0.001) heavier inflorescences than plants in the 

low fertility treatment whereas the data for the intermediate fertilizer 

level did not differ significantly from either high or low treatments. 

Plants in rows 15 cm apart produced heavier inflorescence than those 

in rows 7.5 cm apart at W8 (p<0.05), #10 (p< 0.001), W1l2 (p<0.01)



Table 5.7. Variance ratios and significance of differences from 

analyses of variance for inflorescence weight for 

three spring oilseed rape varieties at three fertilizer 

levels with two row spacings harvested at 6,8,10,12 and 

14 weeks after germination. 

    

Item aft weeks after germination 

6 8 10 12 14(maturity) 

— * 

Blocks 1 4.71 1.64 0.01 C2050 Goal 
* 2 * ae ok 

Density (D) Ly Ost? -° 97.85) 31581 13.64 22,24 
oe * Ok 

Fertilizer (F) 2 3.21 1.72 23.14 8.66 13,56 

DxF 2 0.01 0.52 4.86 1.20 2.14 

Vatiety (Vv) 2 1.80 0.14 2,11 0.16 0.79 

DxV 2. 0.72>-1.67 - 0.97 2.24 2.26 

FxV 4h 1.70 «141 3.15 1.48 0.08 

DxFxVv 4 0.52 0.80 0.32 1.47 0.64 
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Table 5.8. Means for inflorescence weight per plant (g) for three 

oilseed rape varieties at three fertilizer and two row 

spacings, where significant differences for the factors 

and their interactions were found in analysis of 

variance of the data (Table 5.7). 

Factors 

  

Weeks after fertilizers row spacings 
germination Low medium high 15 cm 7e> cm 

8 _ NS 2.10a 1.42b 

10 3.696 4.10b 5.60a 5olta 3078b 

“a 3:60, 4.26b 6.602 5.982 3.67 
14 4oO4o Sellab 5.93a 507 3a 4.32b 

Interactions 

103 fertilizer x variety 

Varieties LSD 

Bronowski Erglu Orpal p= 0.05 

) low 2.58 4.13 4.36 
fertilizers medium 440 3.73 «42.18 1.10 

high 5037 540 =—5 682 

1O fertilizer x row spacing 

row spacings LSD 

io cm 75 cm P = 0.05 
low 4,19 Sele 

fertilizers medium 44S 3077 0.89 

high 6.80 4 4o



and W14 (maturity p<0.001). 

At W10 variety x fertilizer and fertilizer x row spacing 

interactions for inflorescence weight were significant (p< 0.05). 

For variety x fertilizer interaction Bronowski produced inflorescence 

weight in the order of high fertility> intermediate fertility> low 

fertility treatments but for Erglu and Orpal the order became high 

fertility> low fertility> intermediate fertility treatment (Table 5.8). 

Fertilizer x row spacing interaction, with both 15 cm and 7.5 cm row 

spacings inflorescence dry weight increased with higher fertilizer 

treatments from the low to the high fertility levels but at 15 cm 

row spacing increment in inflorescence dry weight per plant was 

at a much higher rate from medium to high fertility level, than at 

70> cm row spacing. 

Plant height 

Analyses of variance for plant height of the three varieties 

at three fertility levels and two row spacings during the growth 

period (6,8,10,12,14 weeks after germination) are given in Table 5.9, 

and the means for significant items and interactions in Table 5.10. 

Varieties did not differ significantly in plant height throughout 

the experiment. Fertilizer effects were however significant ‘i 

at W10 and W12 (p <0.05 and p—O.01 respectively). Both at Wo and 

W12 plants of high fertility treatment wore teller than those of 

Low fertility treatments but at W1O0 plant height at intermediate 

fertility level was not significantly different either from high or 

low fertility level. Plants in rows 15 cm apart were significantly 

taller (p<“0.05) than those in rows 7.5 cm apart for all the 

harvests except harvest 1 (W6).
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Table 5.9. Variance ratios from analyses of variance for plant height 

for three spring oilseed rape varieties at three fertilizer 

levels with two row spacings harvested 6,8,10,12 & 14 weeks 

after germination. 

    

Item df Weeks after germination 

6 8 10 12 14 (maturity) 

Blocks 1 0.01 13.05" 9.48 17677. 10089 

Density (D) 1. 2.22 13.54" 7.50" 12.23°" 14.08" 

Fertilizer (F) 2 0.84 2.95 3.73. 8.37. 2013 

DxF 2 0275.9 O216. ~. 0.21 0.90 0.9% 

Variety (Vv) 2 ~1eS4. Ue55 1.79 0.80 1.89 

DxV 2. 0.51. ~ 0.24 0.80 0.48 0.47 

Fx V k 0.57 0.50 4.00” 2.68 1.84 

DxFxV 4 0.60 1.19 0.76 O76 0.12 

Error 7 
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Table 5.10. Means for plant height (cm) for three spring oilseed 

rape varieties at three fertilizer levels and two 

row spacings, where significant differences for the 

factors were found in analyses of variance of the 

data (Table 5.9). 

Factors 

Weeks after fertilizers 

germination Low medium high 

8 NS 

10 79.92b 82.26ab 87.85a 

12 77.25b 86.33a 85.83a 

14 NS 

Interaction 

LO fertilizer x variety 

Varieties 

Bronowski Erglu 

)high 73.09 84.79 

fertilizers ee 90.66 79.63 
) 
) Low 94,94 85.22 

Orpal 

81.87 

76.50 

83.40 

row spacings 

15 cm 

86.95a 

86.68a 

86.70a 

89.88a 

7.05 cm 

77 17b 

80 .00b 

79.58b 

82.14b 

Pp = 0.05 

11.07
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At W10 fertilizer x variety interaction was significant (p<0.05). 

Bronowski had plant height in the order of low> medium> high fertility 

levels whereas Erglu and Orpal had plant height in the order low> 

high> medium fertility level (Table 5.10). 

The analyses of wariance for the data of seed yield and yield 

components from the final harvest (W14) are given in Table 5.11 and 

their means are given in Table 5.12. 

Seed weight per plant 

Significant effects were found due to varieties (p<0.05), 

fertilizers (p<“0.001) and row spacing. (p <0.001) treatments. 

Orpal produced significantly more (p<(0.05) yield per plant than 

both Erglu and Bronowski. The high fertility level gave significantly 

higher (p<0.01) seed weight per plant than the intermediate level 

which in turn gave significantly more seed weight per plant than low 

fertility (Table 5.12). A row width of 15 cm produced significantly 

higher (p<“0.001) seed yield per plant than 7.5 cm wide rows. 

Pod number per plant 

Varieties did not differ significantly for pod number per plant 

(Table 5.11). The high fertility treatment cane a significantly 

greater pod number per plant (p<0.05) than intermediate fertility 

treatment which in turn produced a significantly greater pod 

number than low fertility treatments (Table 512). Plants in rows 

15 cm apart had a greater pod number than those in rows 7.5 cm apart. 

Seed number per pod 

Bronowski produced significantly more (p— 0.001) seeds per 

pod than Erglu which in turn produced significantly more (p <0.001) 

seeds per pod than Orpal (‘Table 5.12). There were no effects on 

seed number per pod due to fertilizer treatments or row spacings.
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The parental species are extremely difficult to cross 

artificially, although crossing followed by chromosome doubling has 

apparently taken place ona number of occasions in nature, and it 

is believed that all the existing polyploid species arose in this 

manner. Occasional artificial forms of B. napus have been successfully 

raised from crosses of diploid parents and colchicine treatment of the 

progeny. Crossing autotetraploid forms of parents has also been 

successful (McNaughton 1976b). 

) Mizushima and Tsunoda (1969) argued that B. napus originated on 

the coast of northern Europe because B. oleracea occurred along the 

coast there, and B. campestris expanded its territory into northern 

Europe from the Irano-Turanean region (Hedge 1976) because it showed 

adaptability to cool climatic conditions, Sinskaia (1928), however, 

believed that B. napus is a Mediterranean species and Schieman (1932) 

supposed that B. napus may have originated in the Mediterranean region, or 

in western or northern Europe. Rudorf (1950) and Olsson (1954) have 

emphasized the possibility that various forms of B. napus have been 

formed at various places and from various original crosses including 

crosses between cultivated forms of B. campestris and B. oleracea. 

To summarize, B. napus may or may not be a cultigen. Its 

domestication is recent, so that the swedes and rapes are probably a 

few hundred years old. A multiple origin from different parental 

combinations of B. campestris and B. oleracea is possible (McNaughton 

1976) B. napus is an original analogue. 

1.5 Uses of Rapeseed 

Although both storage organs and leaves of B. campestris and 

Be napus are utilized in the varying forms of these two species it 

is their seed which is of paramount importance. Oil which is extracted
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Variety x fertilizer and variety x row spacing interactions 

were however significant (p<~0.01 and p<_0.05 respectively). 

Bronowski (V x F, Table 5.13) produced the greater number of seeds 

per pod in all fertilizer treatments followed by Erglu and Orpal. 

Bronowski and Orpal had highest seed number per pod at low fertility 

level whereas Erglu had highest seed number per pod at intermediate 

fertility level. Variety x row spacing interaction, Bronowski had a 

greater seed number per pod in 7.5 cm than in 15 cm row spacing (p<0.05) 

whereas in Erglu and Orpal seed number per pod in both 7.5 cm and 15 cm 

row spacings was almost the same. 

1000 -seed weight 

Orpal had a significantly greater (p—0.001) 1000-seed weight - 

than Erglu and Bronowski (Table 5.12). No significant effects were 

found due to fertilizer or row spacing treatments or interactions 

between:items. 

Seed weight per pod 

Orpal had a significantly greater seed weight per pod (p<0.05) 

than Erglu and Bronowski. No other significant effects on seed weight 

per pod were found due to any item. 

Dry weight per pod 

Orpal and Bronowski did not differ significantly (p<0.001) for 

dry weight per pod, and had more dry weight per pod than Erglu. None 

of the other items was significant. 

Hull weight per pod 

Bronowski produced a significantly greater hull weight per pod 

(p—0.001) than Erglu, but Orpal did not differ significantly from 

either Bronowski or Erglu.



Table 5.13. Means for seed number per pod at maturity (W14) for 

three spring oilseed rape varieties at three fertilizer 

levels and two row spacings, where significant differences 

for their interactions were found in analysis of the 

data (Table 5.11)% 

fertilizer x variety 

Varieties 

Bronowski Erglu 

fertilizers (low 26.64 21.56 

medium 24.60 23.30 

( . 
(high 24.91 22.17 

a 

row spacing x variety 

Varieties 

Bronowski Erglu 

(15 cm 24.29 22.86 
row spacings ( 

(7.5 cm 26.47 21.82 

Orpal 

20.16 

19.67 

19.67 

Orpal 

19.75 

19.92 

LSD 

Pp = 0.05 

1.49 

LSD 

p= 0.05 

eae:
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Harvest index 

This did not vary in the experiment, there were thus no 

significant effects for harvest index due to any other factor or 

their interactions. 

Correlations between yield components 

Simple correlation coefficients between seed yield and other 

characters at maturity are given in Table 5.14. Plant height showed 

a significant positive correlation (p<0.05) with mean dry weight 

per plant and pod number per plant. Plant heightwas negatively but 

significantly correlated with seed weight per pod (p <0.05) and 

harvest index (p<0.01). Correlations of plant height with other 

characters were not significant. Top dry weight per plant and seed 

weight per plant and pod number per vies showed significant and positive 

correlation (p<0.001) amongst themselves. Seed weight per plant 

showedya Sopitive significant correlation with pod number per plant 

(p<0.001) and 1000-seed weight (p<0.05). Correlation of seed 

weight per plant with seed number per pod was negative and with 

harvest index and seed weight per pod were positive but were not 

significant. Pod number per plant had a negative significant 

correlation (p20.05) with hull weight. Seed number per pod showed 

a negative significant correlation (p<0.001) with 1000-seed weight. 

The correlation of 1000-seed weight with seed weight per pod and 

harvest index was positive and significant (p<0.001 and p<0.01 

respectively). The characters, seed weight per pod, dry weight per 

pod and harvest index showed positive and significant correlation 

(p<0.001) amongst themselves.
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5e4+ Discussion 

The development of new varieties in oilseed rape to some extent 

parallels developments in cereals where new varieties have been 

sought which have shorter and stiff stems (semi-dwarf and dwarf 

variety), and stand heavy fertilizer input and, higher nutrient 

levels may therefore be used to increase seed yields. The main 

objectives in breeding of oilseed rape varieties are high seed 

yield, better oil and protein quality, and resistance to diseases 

and insects. To give high seed yields the crop needs large amounts 

of fertilizer. An important objective in modern varieties is 

therefore high eo renae to added fertilizer. 

Old varieties tend to grow tall and when high doses of fertilizer 

are applied produce large amounts of vegetative growth. They therefore 

under high fertility conditions lodge and give poor seed yields. 

Modern varieties however are bred with the emphasis on shorter 

and stiffer haulms to reduce lodging. More photo-assimilate is 

then potentially available for increase in reproductive growth and 

hence seed. This difference between Orpal, a new variety, and 

Bronowski and Erglu, old varieties, can be-~. seen from the data. 

Orpal had a similar and consistent plant height during growth period 

in all the fertility and density levels. Bronowski plants were 

shorter in low fertility but taller in the medium and high fertility 

levels, whereas Erglu varied with no consistent pattern in these 

environments during the growth period. Orpal reflects the 

characteristics of a new variety, which has more uniform growth 

pattern than Erglu and is shorter than Bronowski. Even though plant 

height in Orpal was also affected by fertilizer and density, the 

stiff stem enables it to avoid lodging. The heavier stem in Orpal 

reflects its strength.
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Plant height re the three varieties was significantly affected 

by both fertilizer (till W12) and row spacings, these data being 

in agreement with the results of Allen, Morgan and Ridgman (1971) 

who reported that nitrogen application in oilseed rape varieties 

resulted in increased stem length, and the data of Degenhardt and Kondra 

(1981) who reported that oilseed rape sown at low density (low 

seeding rate) had an increased plant height. 

No significant differences were found between varieties 

(analysis of variance, Table 5.1) in top dry weight per plant. 

This was mainly because inflorescence weight is the main contributey 

to total plant weight at maturity but this again did not differ 

significantly across the treatments, 

Though no significant differences in dry weight per plant 

were shown by analysis of variance (Table 5.1), certain trends in 

dry"matter production per plant were seen for all three varieties. 

Dry matter accumulation and partition into different plant parts 

was similar in the three fertilizer levels and in the two densities 

(Fig. 5.1, 5.2). The pattern of dry weights (leaves, stem and 

inflorescencés) shown by these data reflect the growth and 

development of the oilseed rape plant. After germination plant 

develops at a fast rate to rosette stage when several petiolate 

leaves are formed. At that time total plant weight will mainly 

consist of leaves. This happened before the start of the harvests. 

After this, elongation of internodes begins, and stem weight 

increases, upper sessile leaves are formed and the terminal 

inflorescence initiates. So total dry weight consists of all these 

parts. At W6 i.e. at the start of harvests all plants consisted 

of the three components, leaves, stem and inflorescence, stem 

being the main contributor to total plant weight. Flower buds 

‘appear first onterminal inflorescence and flowering begins. This
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is the time when leaf weights and leaf areas are still high. 

Flowering branches and buds, and upper leaves shade the lower leaves 

which senesce and die. After W6 leaf weights began to decline and 

inflorescence weight was increasing and exceeded stem weight. 

Inflorescence weight increased at a high rate from W8 to W10 after 

which the rate slowed down, After W3 stem weight increased little, 

and total dry weight largely consisted of inflorescence weight 

(mainly pods) because pods continue to increase in weight till near 

maturity. When the pods are developing, they and the branches 

Shade the remaining leaves which senesce and die, so at the end of 

W1l2 all the leaf parameters were zero. 

Number and sizes of pods clearly depend upon the number of open 

flowers. However, number of open flowers exceed the number of pods 

which reach maturity. This is because pod formation and development 

is largely determined by the supply of assimilates. If the plant can 

support the pods, flowers develop into pods otherwise either 

flowers or even pods shed or pods do not develop fully. Shedding 

of pods was shown by a drop in inflorescence weight at W12 and W14, 

A significant increase in all the parts was however shown by across 

both fertilizer and row spacing treatments, The nutrients from 

applied fertilizer increase the amount of assimilates and wide row 

spacing increases light to the parts of the plant and enhances the 

production of photosynthetic assimilates. As a consequence 

Significant effects on top dry weight per plant on growth were 

observed from higher fertilizer input and wider row spacing after 

W8 and W6 onward respectively . With high fertilizer input canopy 

closes rapidly due to fast growth of plants. Canopy area is a major 

factor in determining net photosynthesis, As similar effect as that 

of fertilizer would be expected due to wide row spacing as there
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is more space for canopy development due to increase space available 

to individual plant. It thus nate that both fertilizer application 

and width of rows and for that matter space between plants within 

a row should be considered in manipulation of the growth of the crop. 

It is well known that nitrogen application increases total dry 

weight and pod weight per plant (Allen and Morgan, 1972, 75; 

Scott, Ogunremi, Ivins and Mendham 1973b; Scarisbrick, Daniels and 

Chapman 1981). Similar effects were observed for dry weight with 

decreasing density (seed rate) by Degenhardt and Kondra (1981) who 

reported that an increase in seeding rate resulted in mature stands 

in effects of detetty on mean plant dry weight but no effect on 

total dry weight per unit area. Similar effects of decreasing seed 

rate were reported by Kondra (1975, 77) in oilseed rape and of 

wide row spacing by Bahn, Balaraju and Ram (1980) in B. campestris. 

“It is suggested that leaves at anthesis mainly determine final 

seed yield (Allen and Morgan 1972, 75). In the present experiment 

Bronowski had a consistently higher leaf weight than both Orpal 

and Erglu. The fact that Bronowski did not ultimately have a 

greater seed yield than Orpal or Erglu suggests either that its 

leaves were less efficient, or that alternative sources of photo- 

synthates must have been available to Orpal or that these Pearce 

were more efficient in Orpal. It is clear that pods on the 

inflorescence and the branches were such a source. This is 

emphasized by the fact that at the time when leaf weight was 

declining total plant dry weight was increasing. Pods are nowadays 

considered the prime, if not the only source of assimilates for pod 

filling (Inanaga et al 1979). This is borne out by the. data 

presented here, Orpal having much higher inflorescence weight 

than Bronowski from anthesis to maturity. The stem of an oilseed
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rape plant is also green before maturity and potentially a source 

of photosynthates (Major and Charnetski 1976). Stem weight was 

similarly greater in Orpal than in Bronowski and may have also 

made some contribution to increased seed yield in Orpal. It is 

suggested, therefore, that both inflorescence (pods and branches) 

and stem weight contributed to the higher dry matter and seed yield. 

Occurrence of component compensation, similar to that reported 

in Chapter 4, was again clear from these data. Orpal produced a 

significantly greater seed weight per plant than Bronowski and 

Erglu. Varieties did not differ significantly for pod number per 

plant, but differed for seed number per pod, and also for 1000-seed 

weight. Bronowski had more seeds per pod but a lower 1000-seed weight. 

Orpal in contrast had fewer seeds per pod but a greater 1000-seed 

weight. The fact that component compensation was taking place was 

supported by the high negative correlation between seed number per 

pod and 1000-seed weight (pZ0.001). Adams (1967) postulated that 

compensation is inevitable when sequentially developing yield 

components share a common metabolic am In the present study 

pod number per plant did not change significantly but there were 

compensatory (interactions) effects between number of seeds per pod 

and 1000-seed weight. Pod number is established early in the life of 

the plant, but seed number per pod and seed development occur later, 

and almost at the same time. It is thus more likely for compensation 

to occur involving these two characters. Similar compensation between 

seed weight and seed number per pod in B. napus was reported by 

Clarke and Simpson (1978). 

In spite of component compensation the higher 1000-seed weight 

of Orpal compared with Bronowski resulted in a significant increase 

in seed yield per plant in Orpal.. This is evident from the fact 

that 1000-seed weight showed significant positive correlations with



by crushing the seed, finds a variety of uses, both in food and in 

industry. Increasing annual production of oilseed rape for the last 

twenty years (Table 1.2) reflects the growing demand for it throughout 

the world. The specific technical usage of oilseed rape depends on 

the amount of large chain fatty acids or those fatty acids with double 

bonds it contains. Traditionally rapeseed oil was used as an 

illuminant and lubricant. As the industry has become more edinplex 

and industrial chemistry more advanced, so rapeseed oil and its 

derivatives have found a multiplicity of uses. 

~ Rapeseed oil was previously typified by its high erucic acid 

(c*,) and oleic acid (oro9) contents, and by a low linoleic acid 

ca content. A high percentage of long chain erucic acid makes 

it valuable as an industrial oil, whereas erucic acid is known as 

being toxic to animals. Current plant breeding aims to B eaces Zero 

erucic acid for human and animal consumption on the one fend but high 

erucic acid for other industrial uses on the other hand. 

1.4 Production 

World production of rapeseed has been increasing steadily over 

the past twenty years (Table 1.2). It is apparent from Table 1.2 

Table 1.2 Annual world and U.K. production of rapeseed (000 tonnes) 

  

1961-65 1969-71 1973 1974 1975 1976 1977 1978 1979 1980 

  

World 4795 6617 7132 8119 9636 7557 7981 10186 10556 10574 

UK. 3 10) 4.30 56 61 121 142 #157 194 270 

  

Source: F.A.O. Production Year Books 1975,1978,1980 and 

Johnson (1981) for U.K.
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seed weight per plant and seed number per pod did not. This was 

also shown from seed weight per pod as Orpal had higher seed weight 

per pod than Erglu and Bronowski. 

The occurrence of yield component compensation was supported 

by an examination of the data for correlation between yield components 

(Table 5.14). Seed yield was positively correlated with pod number 

per plant and 1000-seed weight, but showed a negative correlation 

with seed number per pod and there was a very high negative 

correlation (p <0.001) between seed number per pod and 1000-seed weight. 

Again in parallel with the situation in cereals (Austin et al 

1980) Orpal, being a new variety, has a higher harvest index reflecting 

its greater capacity to transform dry matter into seeds than either 

Bronowski or Erglu (Table 5el2)e 

The sum total of the effects of the plant characters in which 

Orpalis superior to Erglu and Bronowski, consistent and short 

height, greater total dry weight mainly inflorescence, greater 

stem weight, and higher harvest index, would suggest that Orpal 

would have a significantly higher seed yield per plant than the 

other two varieties. This yield rating of the three varieties is 

evident from the NIAB list of recommended oilseed rape varieties, 

Bronowski and Erglu being outclassed varieties and no longer appear 

on such lists. 

“In oilseed rape (B. napus) the number of pods per plant that 

develop is considerably less than the number of flowers that open 

(Tayo and Morgan 1975). In addition there is strong environmental 

control over pod number demonstrated in this study, and also reported 

by Allen and Morgan (1972) and Clarke and Simpson (1978). Similarly, 

seed number per pod is reduced due to seed abortions. As a result, 

selection for number of pods per plant and seed number per pod 

would probably be of little value in improving seed yield. Selection
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for increased seed size would be more beneficial because 1000-seed weight 

shows significant positive correlation with seed yield per pod, dry 

weight per pod, harvest index and seed yield per plant and also because 

this character is less affected by environmental variation, as observed 

here, and as reported by Kondra (1975), Clarke and Simpson (1978), 

Bahn, Balaraju and Ram, (1980) and Scarisbrick, Daniels, Chapman and 

Parr (1981), although the consequence of yield component compensation 

would have to be taken into account. High correlations between top 

dry weight and seed yield however indicated again that plant size 

was the major determinant of seed yield per plant. Similar results 

have been reported by Thurling (1974b) and Campbell and Kondra (1978). 

Bronowski responds to fertilizer quite differently from Erglu 

and Orpal which is shown by variety - fertility level interaction 

terms of total dry weight, stem weight and inflorescence weight per 
ie 

plant (Table 5.2, 5.4, 5.8) and plant height (Table 5.10). Dry 

weights in Bronowski gradually increased from low to high fertility 

treatments and the increases were considerably greater than in Erglu 

and Orpal. There was little change in total dry weight in Erglu and 

Orpal from low to medium fertility levels but had higher weights in 

high fertility level.



CHAPTER 6 

A Comparison of Variation in Yield and Yield 

Components in Forage and Winter Oilseed Rape 

6.1 Introduction 

The area under winter oilseed rape in the United Kingdom has 

greatly increased from 15-25% of the total crop in the late sixties 

(Bunting 1969) to 95% in 1981 (Scarisbrick, Daniels and Alcock 

1981). The increased area sown to the winter crop is due to its 

higher seed yield and higher oil content compared with spring 

varieties (Moore 1976), and also due to availability of contractor 

direct drilling at the tie when permanent farm staff are needed for 

winter wheat land preparations (Scarisbrick, Daniels & Alcock 1981). 

As in the spring sown crop,fertilizer input and row width are 

the main agronomic variables which are controlled by the grower, 

and greatly affect seed yield per hectare. Allen and Morgan (1972) 

showed that nitrogen application in spring oilseed rape increased 

growth and seed yield by increasing leaf area, number of pods, and 

number of seeds per pod, whereas seed weight was little affected by 

increasing nitrogen. Scott, Ogunremi, Ivins and Mendham (197%3b) 

examined fertilizer response in winter oilseed rape and reported 

that increments of nitrogen from zero to 300 Kg hat increased 

leafvarea, and dry weight of Laeraé and stem, all at higher nitrogen 

levels, number of seeds per pod was increased, but seed weight was 

increased only in one autumn sown experiment. 

Seeding rate, which can be manipulated by changing row width 

or plant to plant distance, has a significant but variable effect 

on seed yield per hectare in spring B. napus (Kondra 1975, 1977).



Kondra (1975) found that narrow row spacing produced the highest 

seed yield per hectare in the spring oilseed rape variety Zephyr. 

On the other hand in B. campestrus cultivar Toria 60cm row spacing 

gave significantly greater seed yield than 30cm row spacing, 1000- 

seed weight being unaffected (Patil and Rajat De 1978). 

Dry weight and seed yield production both depend on the growth 

of the plant during its developmental stages. It is therefore 

important to understand the inter-relationships of morphological 

characteristics of plant growth, the way in which top dry matter 

is allocated to different parts of the plant, and the influence 

of environmental factors, e.g. fertilizer and density upon plant 

growth. : 

Experiments which examined the way in which environmental 

factors affected growth of spring oilseed rape are described in 

Chapter 4 and 5. The purpose of this experiment was to evaluate 

the effects of two fertilizer levels and two row spacings in 

field conditions on four winter varieties of B. napus. It was 

assessed by using dry matter and Boca prediction per plant and 

their inter-relationships to the yield components, pod number per 

plant, seed number per pod, and 1000-seed weight. 

6.2 Materials and Methods 

The experiment was set up in the field, at the University 

of Liverpool Botanic Gardens, Ness. Three winter varieties of 

oilseed rape (B. napus) were used, Jet Neuf, Rapol, Rapora, as 

well as the forage rape variety Nevin. The experiment was set 

out as a randomised complete block design with three replications. 

There were two fertilizer treatments: (1) O Kg ha7+ ana (2) at



the rate of 210 Ke ha? Nitrochalk. A basic fertilizer 100 Kg ha 

of ICI No. 10 was applied to the seed bed of all plots before 

sowing. Nitrochalk application was split in two doses, firstly 

75 Ke ha7t in the seed bed with the basic fertilizer and a second 

dose of 135 Kg has ia Pate Marche 

The experiment had two row spacings, 15cm and 7.5cem between 

the rows. Seed of the varieties was sown with a Stanhay precision 

drill placing 3 seeds2.5cm apart. Six 4.9m long rows of each 

treatment were sown ih the last week of September 1970. The 

experiment thus consisted of four varieties, 2 N fertilizer levels 

and 2 row spacings, The treatments were applied at random to the 

plots in each replication. 

After germination rows were thinned to plants approximately 

2.5cem apart. Spare plants from ine plots sown at the same date as 

the experiment, were transplanted into gaps in rows caused by a 

failure of germination. This gave a uniform stand in every plot. 

The two cultivars Rapol and Rapora showed extremely poor germination 

throughout the experiment and the plots of these two varieties had 

to be abandoned leaving two varieties in the experiment. Overall 

germination in one replication was very poor and it also had:to be 

discarded. 

Six harvests of 45cm length from the two central rows of 

each plot (30 plants) were taken starting from 25.3.80. Winter 

re is normally sown and germinates in autumn and this is followed 

by a small amount of growth during the winter. Plants begin growth 

again in spring and complete their reproductive phase in the 

summer. Vegetative plant growth mainly takes place during spring 

and early summer. The first harvest (H,) was therefore made when



the plants started growth in early spring. The subsequent four 

harvests (H, on 14th April, H, on 6th May, H, on 27th May and 
3 

H. on 17th June 1980) were taken at three weekly intervals and 
5 

the final harvest (He) which was at maturity (30th July 1980), 

was taken six weeks after harvest 5 (H,) Each block of plants 

to be harvested was separated from previously harvested material 

by 30cm of rows at the ends of the block, and by two rows on 

either Side as guard rows. 

At each harvest plants were cut at ground level and their 

number counted. Plants were then separated into leaf (less than 

50% senesced), stem, inflorescence branches, flower, and pod 

fractions. Tiflorescetice branches included branches from all 

inflorescences, terminal and axillary, aiter removing flowers and 

pods. Leaf area was measured on a Hayashi Denko leaf area seamnct 

All .plant parts were then dried at 38°C for 7 days, and dry weight 

measurements taken. Top dry weisht per plant was obtained by 

summing the dry weights of all the plant fractions. After pod 

set, the plots were protected from bird damage with a cage of 3cm 

plastic netting erected over the experiment. 

At maturity measurements of seed yield and its components 

were made. Number of pods was counted and a sample of forty pods 

was taken from which seed number per pod and 1000-seed weight 

were determined after drying. Seed from the remaining pods was 

harvested by hand, weighed and the total seed weight was determined 

by summing this seed weight and the 40 pod subsample. Hull 

weight per pod was calculated from seed weight, pod weight and 

pod number per plant. Harvest index was determined by dividing 

mean seed weight per plant by top dry weight per plant.
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Measurements of mean leaf area per plant (AL), mean leaf 

weight per plant (WL) and mean top dry weight per plant () wate 

used to calculate mean values for relative growth rate (RGR), net 

assimilation rate (NAR), leaf area index (LAI) and leaf 

area ratio (LAR) following the method given in Section 2.2. 

Analyses of variance were carried out on these characters and 

simple correlation coefficients determined between the characters 

at maturity, to examine relationships between them. 

6.3 Results 

The allocation of total dry weight per plant into its 

component parts i.e. leaf, stem, inflorescence branches, flower 

and pod weights during the experiment is shown in Fig. 6.1. The 

analyses of variance of different harvests showing variance ratios 

for varieties, fertilizers, row spacings, and the interactions 

Balen the parameters for the following plant characters are 

given in separate tables: leaf weight, stem weight, inflorescence 

branches weight, flower weight, pod weight and top dry weight, 

per plant, the growth characters,relative growth rate, net 

assimilation rate, leaf area index and leaf area ratio. The 

analyses are described individually in their respective sections, 

The means of the parameters for which significant differences are 

shown by analyses of variance are also given in tables next to 

the analyses tables. As the parameters showed non-significance 

at most of the times and there was a very large body of data, 

the means only for those parameters which were significant are 

given. Complete data are given in Appendix 9, page 206, The 

data will be considered in detail below.
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Top dry weight per plant 

Analyses of variance for top dry weight per plant are given 

in Table 6.1, and the means for significantly different parameters 

are given in Table 6.2. Jet Neuf produced significantly more top 

dry weight per plant than Nevin( p<0.05 [ ¥,, Hy, H), and He] and 

p<0.01 [ ¥s ] ) but dry weight per plant at maturity of both the 

varieties was not significantly different, probably reflecting 

the lack of non-significant differences in component dry weights. 

Nitrogen fertilizer had a significant effect (p<0.001[ H and as 
H,, | ana p<0.05 [ Hy,» Hg | ) on top dry weight per plant from H, 

to maturity. Plants in rows 15cm apart had significantly greater 

dry weight than those in rows 7.5 om apart only at Hy and te (p 

<0.001 and p<0.01 respectively). 

At Hy Jet Neuf in the no N fertilizer added treatments produced 

more dry weight per plant in rows 15cm than 7.5cm apart. On the other 

hand Nevin produced more dry weight per plant in 7.5cm than 15cm 

row spacing. This pattern of varieties was reversed with addition 

of N fertilizer. At H, dry weight per plant with added N was 

greater in both 7.5cm and 15cm row avin te The increase was 

greater in rows 15cm apart than in rows 7.5cm apart. At Has | 

Jet Neuf produced more dry weight per plant in 15cm than in 7.5cm 

row spacing. In contrast Nevin produced more dry matter in 7.5cm 

than in 15cm row spacing. At He there was a significant effect 

of added nitrogen in rows 7.5 and 15cm apart. There was a greater 

increase when rows were 7.5cm apart than in rows 15cm apart. At 

se both Jet Neuf and Nevin produced significantly higher dry 

weight per plant with added nitrogen than without nitrogen addition 

but the increase in Jet Neuf was much higher than in Nevin.



Table 6.1 Variance ratios and significance of differences from 

Item 

Blocks 

Fertilizer(F) 

Density(D) 

F xD 

Variety (V) 

Fxv 

DxVvV 

FxDxV 

Error 

af 

—
 

analyses of variance for top dry weight per plant for 

B. napus cv. Jet Neuf and Nevin, at two N fertilizer 

levels with 7.5cm and 15cm between rows. 

By H 

Harvest 

H Hy M5 
(25.3280) (14.4.80) ( 6.5.80) (27.5.80) (17.6.80) 

431 

" 1.25 

1.25 

0.05 

8.65* 

27 L7e* 

116.66*** 

32.64*** 

1,61* 

9.20* 

5.28 

1.67 

19? 

19.25% 

84 .55*** 

0.22 

8.70* 

poe * 

4.72 

9.61" 

0.21 

0.26 

6.15* 

3.12 

1.88 

5297" 

1.89 

0.74 

0.85 

7.20" 

115 ..30*** 

12,.82** 

15.04** 

8.88* 

Lh, 54** 

451 

0.50 

  

Ne 
C (at 

maturity, 

~ 30.7280) 

0.04 

§.35° 

0.16 

 



that world production of Leu experienced a period of steady 

growth from 4,775,000 tonnes in 1961-65 to 9,636,000 tonnes in 1975, 

followed by a slight drop in production for the next two seasons, it 

reached the peak level to 10,574 tonnes in 1980. 

India occupied the first position in regard to the acreage and 

production of rapeseed (FAO, Production Year book 1980). The other 

major rapeseed producing countries are China, Canada, Poland, West 

Germany, USSR and Pakistan. Most of this production is consumed 

locally and only a small fraction of the total production goes to 

world trade. 

In the United Kingdom oilseed rape cultivation has a long 

history, although it was until the early 1950's only a crop of minor 

importance (Fussell 1955). The growing of rape for seed was revived 

in the early 1950's, but only 2,000 to 3,000 hectares of the crop 

were grown. Indeed until 1968 oilseed rape was such a minor crop that 

it was not recorded in the Annual Review of Agriculture (MAFF. 1972). 

Between 1968 and 1971 approximately 5,000 hectares were grown annually, 

Taree as a break crop, in the main barley producing areas. In 1974 

production reached 56,000 tonnes. Since then the area under oilseed 

rape has risen dramatically to 94,000 hectares in 1980 producing 

270,000 tonnes, For the last few years the area under oilseed rape 

has been queeaeian hy over 20% annually and the United Kingdom is 

now the s¢kivd largest producer in the EEC after West Germany and France 

(Johnson 1981). 

Price support for the crop under the EEC Agriculture policy has 

given an impetus, and it has thus become an attractive cash crop. A 

further advantage is that cereal growers can produce it with little 

extra capital expenditure. The introduction of high yielding varieties
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Table 6.2 Means for top dry weight per plant (g) for B. napus 

cv. Jet Neuf and Nevin at two N fertilizer levels 

with two row spacings, where significant differences 

for the factors and their interactions were found 

in analysis of data (Table 6.1). 

Factors 

——————— ee 

Harvest Variety N Fertilizer row spacing 

Je Neuf Nevin 0 Keha~ 55 Keha~> 7.5cm 15cm 
ee ee ee ee ee ee eee 

Hy 0.25a 0.19b NS NS 

Ho 0.58a - O.47b 0.34b O.7la 0.435 0.62a 

H 1.52a 1.05b 0.d4b 1.72a NS 

Hy, 2.68a 1.62b 1.61b 2.69a NS 

He 3,328 2.72b 1.94b 4 lla 2.66b 3.38a 

He NS 2.30b h 42a NS 

Interactions 

Hy variety x density x fertilizer 

without N fertilizer 

LSD 
Jet Neuf Nevin p = 0.05 

(7.5cm 0.20 0.20 
row spacing (15.cm 0.26 0.17 0.07 

with N fertilizer 

(7.5em 0.29 0.14 
row spacing (15 cm 0.26 0.24 

H, density x fertilizer row spacing LSD 

7.5em 15cm p = 0.05 

(without O50 0.38 Ool2 
N fertilizer (with 0.55 0.87 

Contdis's



Table 6.2 contd. 

Interactions 

Harvest 

aS variety x density 

(7.5em 
row spacing (15 em 

He fertilizer x density 

(without 
N fertilizer (with 

Ee variety x fertilizer 

(without 
N fertilizer . (with 

He fertilizer x density 

(without 
N fertilizer (with 

131 

Varieties LSD 

Jet Neuf Nevin p = 0.05 

1.35 1.18 0.33 

1.69 0.93 

row spacing LSD 

75cm 15 cm 

0.68 LOL 

1.84 1.60 0.33 

Varieties LSD 

Jet Neuf Nevin p = 0.05 

2.05 2.02 

4.29 342 

row spacing LSD 

7.Dcm 15 cm r= 0.05 

1.97 1.91 0.70 

Seo 4.86 

P= 0.05
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At Hos dry weight per plant at both row spacings was higher 

with nitrogen addition than when no N fertilizer was added but 

in rows 15cm apart the increase was much greater than in rows 

7o.5cem apart. 

Leaf dry weight per plant 

Varieties differed significantly for leaf dry weight per 

plant (p<0.05) only at Hy (25.3.80, Table 6.3), when Jet Neuf 

produced significantly more leaf dry weight per plant than Nevin 

(Table 6.4). This difference did not persist however, and there 

were no significant differences in leaf weight at subsequent 

harvests. Differences in leaf weight per plant due to nitrogen 

application were significant at H, (p<0.001) and H, (p<0.01) 

only. Plants in rows 15cm apart had a greater leaf weight per 

plant than plants in rows 7.5cm apart at H. only (p<0.01). 

At His in the no N fertilizer treatments, Jet Neuf produced 

a greater leaf weight per plant in 15cm than 7.5cm row spacing. 

- In contrast Nevin produced more leaf Weiehe per plant in 7.5cm 

than 15cm row spacing. This behaviour of varieties was reversed 

with N fertilizer treatments, At Hy, in both fertility levels 

plants in rows 15cm apart had a greater leaf weight than in 

rows 7.5cm apart, but this increase was greater in 15cm than 7.5cm 

row spacing. At Hz » plants in rows 15cm apart had more leaf 

weight in no N fertilizer treatments than in rows 7.5cm apart. 

In contrast the order for row spacing was reversed in with N 

fertilizer treatment. 

The trend in leaf production was similar for both varieties 

(Fig. 6.1) and in all treatments, being significantly greater at
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Table 6.3 Variance ratios and significance of differences from 

Item 

Blocks 

Fertilizer(F) 

Density(D) 

F xD 

Variety 

Pox Dey 

Error 

analyses of variance for leaf dry weight per plant 

for B. napus cv. Jet Neuf and Nevin, at two nitrogen 

fertilizer levels with 7.5cm and 15cm between rows 

af Harvests 

a Le es Hy, 

  

He He 

(25.3.80) (14.4.80) ( 6.5.80) (27.5.80) (17.6.80) (30.7.80) 

1 4.62 14,17** 

1 1.35 Oh .65*** 

1) 162 - 29.05*** 

1 0.05 13.20°* 

isl Do" 2.51 

1 1.05 1.81 

1 0525 0.40 

S787 4.05 

1.70 

2feDL”* 

0.02 

8.35* 

0.04 

0.71 

0.67 

0.05 

0.15 

1.25 

0.77 

0.40 

1.73 

0.74 

0.07 

0.07 

0.88 

2.64 

0.20 

0.07 

0.79 

2.68 

0.03 

O41 

 



i34 

Table 6.4 Means for leaf dry weight per plant (g) for B. napus 

cy,vJet Neuf and Nevin at two N fertilizer levels with 

two row spacings, where significant differences for the 

factors and their interactions were found in analysis 

of data (Table 6.3). 

    

Factors 

Harvest Variety N fertilizer row spacings 

Jet Neuf Nevin 0 Kgha-* 55 Kgha > 7odem 15cm 

Hy 0.23a . 0.17b NS NS 

H, NS 0.21b O.46a 0.27b O-41a 

H NS 0.21b 0.38a NS 

Interactions 

HL Variety x density x fertilizer 

without N: fertilizer 

varieties LSD 

Jet Neuf Nevin Pp 0-05 

(7.5cem 0.17 0.17 
row spacing (15 cm 0.23 0.16 0.07 

with N fertilizer 

(7.5cem 0.26 O.12 
row spacing (15 cm 0.23 Oren 

H Density x fertilizer 
2 ee . 

row spacings LSD 

7.5cm 15 em P = 0.05 

(without 0.18 OneF 0.09 

N fertilizer (with 0.34 0.58 

; 4 
Hs Density x fertilizer Towel cates LSD 

Vapem 15 cm Pp = 0.05 

(without 0.16 0.26 0.07 
N fertilizer (with 0.42 0.33
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the higher fertilizer level. Leaf weights reached a maximum just 

before anthesis and declined afterwards so that there were no leaves 

at maturity. 

Stem weight per plant 

Jet Neuf had significantly greater stem weight per plant than 

Nevin at Hy (p 0.05), H, and Hy (p<0.01, Table 6.6). Nitrogen 

application had a significant effect (p¢0.001 | Hos 3) He] and 

p<0.05 [ Byote | ) on stem weight production from H, till maturity. 

Plants from plots with 15cm row spacing had significantly greater 

(p<0.01) stem weight per plant than with 7.5cm row spacing only 

at Hoe 

At Hy in no N fertilizer treatments Jet Neuf produced more 

stem weight per plant in 15cm than 7.5cm row spacings In contrast 

Nevin produced more stem weight in 7.5cem than 15cm row spacing. 

In “contrast with N addition the behaviour of Jet Neuf and Nevin 

for stem weight production was reversed in row Spacings. At H, 

both Jet Neuf and Nevin produced a greater stem weight per plant 

in rows 15cm apart than in rows 7.5cm apart. The increase in Jet 

2 

produced more stem weight per plant in with N fertilizer treatments 

Neuf was higher than in Nevin. At H, both Jet Neuf and Nevin 

than in the no fertilizer treatments, but the increase in Jet Neuf 

was higher than in Nevin. At Ho» plants in both fertilizer 

treatments had more stem weight per plant in rows 15cm apart than 

in rows 7.5cm apart but the increase was higher with added N 

fertilizer than in the no N treatment. At He ; 

greater stem weight per plant in 15cm than 7.5cm row spacing. 

Jet Neuf hada 

In contrast Nevin had a greater stem weight in 7.5cem than 15cm 

row spacing. At Hes plants in plots with no N fertilizer treatment
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Table 6.5. Variance Ratios and significance of differences 

from analyses of variance for stem dry weight per 

plant for B. napus cv. Jet Neuf and Nevin, at two 

N fertilizer levels with 7.5cm and 15cm between rows. 

  

Item Harvests 

af Hy H, HB, He, He 

  

Blocks alt 0.40 34 bee 15. 79** 0.76 2099 0.02 

N Fertilizer(F) 1 0.09 101.87*** 104.70*** 5.86* 64,95***11.86* 

Density(D) 1 0.53 12.55** 0.00 2.30 4.91 0,01 

FxD 1 0.02 5078" 8.11* 1.02 8.00* 0.02 

Variety (V) 1 lle4o* 21.58** 21,.22** 0.03 0.58 0.000 

FxV 1 0.29 7079* 4.12 0.69 1.27 1.51 

DxVv 1 O49 fa7o* 15.00"* 0.50 0.95 0.05 

F xx DV 1 6.67* 0.08 Se Se Sem eee 0.29 

Error ? 
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Table 6.6. Mean for stem dry weight per plant (g¢) for B. napus 

cv. Jet Neuf and Nevin at two N fertilizer levels 

with two row spacings, where significant differances 

for the factors and their interactions were found in 

analysis of data (Table 6.5). 

Factors 

Harvest Variety N fertilizer row spacing 

Jet Neuf Nevin 0.Kg ha 55 Kgha 7.5cem 15cm 

Hy 0.03a 0.02b NS NS 

Hy 0.20a O.14b Oollb) 0.23a O.15b 0-19a 

H 0.99a 0.71b 0.54b 1.17a NS 

Hy NS “'O.72b 1.23a NS 

H NS 0.78b 1.7la NS 

Hg NS 0.76 1.63a NS 

Interactions 

AY variety x density x fertilizer 
Varieties LSD 

without fertilizer Jet Neuf Nevin p= 0.05 

row spacing (7.5cm 0.025 0.026 . 
(15 cm 0.030 0.017 .. 0.007 

with fertilizer 

row spacing (7.5cm 0.032 0.019 
(15 cm 0.027 0.022 

H, varietyxdensity Varieties 

Jet Neuf Nevin LSD 

p= 0.05 

row spacing (7.5cm 0.16 0.14 
(15 cm 0.24 0.15 0.04 

Hy variety x fertilizer Varieties 

Jet Neuf Nevin p = 0.05 

N fertilizer (without 0.12 0.10 5 
(with 0.28 0.19 0.04 

Contd..



Table 6.5 contd. 

2 

row spacing (7.5cm 

(15 cm 

Hs variety x density 

row spacing (7.5¢em 
(15cm 

He fertilizer x density 

row spacing (7.5m 

_ (15 em 

He fertilizer x density 

row spacing (7.5cm 
(15 cm 

H fertilizer x density 

N fertlizer 

without with 

0.10 0.19 

0.12 0.27 

Varieties 

Jet Neuf Nevin 

0.89 0.82 
1.10 0.60 

N fertilizer 

Without with 

O45 1.26 
0.62 1.08 

N fertilizer 

Without with 

0.82 1.42 

0.75 2.00 

138 

LSD 

p= 0.05 

0.22 

LSD 

p= 0.05 

0.21 

LSD 

pe= 0.05 

0.40
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had more stem weight in 15cm than 7.5cm row spacing. In contrast 

where N fertilizer was added there was a greater stem weight in 

7e5cm than 15cm row spacing. At He stem weight of the plants 

in no N fertilizer treatment was more in 7.5cm than 15cm row 

spacing. In contrast the plants in with N fertilizer treatment 

had greater stem weight in 15cm than in 7.5cm row spacing. 

Dry weight of inflorescence branches per plant 

Jet Neuf produced a significantly greater dry weight of 

inflorescence Brancics pr plant than Nevin at He (p<0.001), 

Hy (p<0.01 ') and He (p <0.05, Table 6.7 ). Nitrogen fertilizer 

produced a significant increase in dry weight of inflorescence 

branches at Hs (p<0.01), H. (p<0.001) and at He (maturity, 
2 

p<0.05). Plants in 15cm row spacing had significantly greater 

(p<0.01) inflorescence branch weight than 7.5cm row spacing 

only’ at Hee 

At Hoy both Jet Neuf and Nevin had moze dry weight allocated 

to inflorescence branches per plant in with N fertilizer treatment 

than in no N fertilizer treatment but Jet Neuf had a greater 

response to N than Nevin. At Hos Jet Neuf had a greater inflorescence 

branch weight in 15cm than 7.5cm row spacing. In contrast Nevin 

had a greater inflorescence branch weight in the 7.5cm than the 

15cm row spacing. At Hes both Jet Neuf and Nevin produced a greater 

inflorescence branch weight with added N fertilizer than in the 

no N fertilizer treatment, Jet Neuf showing a greater increase 

than in Nevin. At He both Jet Neuf and Nevin had more inflorescence 

branch weight in rows 15cm apart than in rows 7.5cm apart, but the 

increase in Jet Neuf was greater than in Nevin. At Bea plants in 

with N fertilizer treatment, both row spacings had more dary weight



of Brassica napus with low erucic acid has made the extracted oil 

more useful for human consumption and this has increased product 

demand, 

1.5 Cultivation 

The rapessed crop is widely adapted and is cultivated in 

temperate and warm temperate to subtropical climates. It is grown 

from New Zealand in the South to Finland in the North and from Canada 

in the West to Japan in the East. 

Both annual and biennial forms of B. napus and B. campestris are 

grown. The annual icon of B. campestris predominates in Canada and is 

widely grown in India and Pakistan. The biennial form of B. campestris 

is important in Sweden and Finland where it is found to be more winter 

hardy than winter B. napus (McNaughton 1976a). Winter oilseed rape 

(Bs napus subsp. oleiferavar. biennis) is almost exclusively produced 

in Europe (E and W) and in some countries of South America e.g. Chile 

(Appelavist & Ohlson 1972). Summer oilseed rape (B. napus sub.spe 

oleifera var. annua) is grown on some areas of Western Europe and 

Canada. 

Seeds of winter rape are sown in autumn and harvested the 

following summer, whereas those of spring rape are sown in petite and 

harvested the same summer. In Britain winter rape is best drilled in 

August, at the latest by early September while mid March to mid April 

is ideal for spring sowing. In the U.K. winter oilseed rape has over 

recent years largely replaced the spring crop. In the late sixties 

and early seventies 75-85% of the oilseed rape acreage was sown to 

varieties of spring rape (Bunting 1969), whereas in 1978/79 spring 

rape occupied less than 10% of the U.K. rapeseed area (Thompson and 

Capitain 1979). The average yield of winter oilseed rape is highest 

S
s
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Table 6.7. Variance Ratios and significance of differences 

from analyses of variance for inflorescence weight 

per plant for B. napus cv. Jet Neuf and Nevin, at 

two N fertilizer levels with 7.5cm and 15cm between 

rows. 

Item af Harvests 

Hy H, Hs Hy, He He 

2505280 14.52.30 6.5.80 27.25.80 17.6.80 30.7.80 

Blocks 1 2.06 3.66 0.01 21585°*" “Osh5 

Fertilizer(F) 1 0.03 20645"" 5.25  136,15*** 6.56% 

Density (D) 1 3.24 413 B47 22.354** 0.31 

F xD 1 0.51 1.41 2.30 21.59°* 0.01 

Variety (V) 1 0.92 139,06°** 17 .50"* _ 7.61% 0.27 

FxV 1 1.82 -12.18"* 2.67 -13.65* 1.87 

DxV 1 0.15 5466" Galo 7073* 0.21 

FxDxv 2 0.98 1.51 1.20 0.61 0.89 

Error 7 

 



N fertilizer(without 
(with 

H, Variety x density 

row spacing( 7.5cm 
(15 cm 

He Variety x fertilizer 

N fertilizer(without 
(with 

H Variety x density 

row spacing(7.5cm 
(15 cm 

Hs Fertilizer-x density 

N fertilizer(without 
(with 

Jet Neuf Nevin 

Onl 0.03 

0.25 0.05 

Varieties 

Jet Neuf Nevin 

0.16 0.05 
0.21 0.04 

Varieties 

det Neuf Nevin 

0.16 0.17 
O43 O51 

Varieties 

Jet Neuf Nevin 

225 0.23 

0.36 0.26 

row spacing 

75cm 15 cm 

Gretiey, 0.17 
0.29 O45 

A. 
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row spacing 

725cm 15cm 

NS 

NS 

0.23b 6—0o3la 

Table 6.8. Means for inflorescence weight per plant (g) for B. napus 

cv. Jet Neuf and Nevin at two N fertilizer levels with 

two row spacings, where significant differences for the 

factors and their interactions were found in analysis 

of data (Table 6.7). 

Factors 

Harvest Variety N fertilizer 

Jet Neuf Nevin O Kg ee 55 Kg ha 

Hy 0.18a 0.04b 0.08b O.l4a 

Hy, 0.88a 0.33b NS 

He 0.29a 0.24b O.17b 0.57a 

He Ool4tb O.3la 

Interactions 

He Variety x fertilizer i, 

air Varieties LSD 

Dp = 0.05 

LSD 

p= 0.05 

0.06 

LSD 

Pp = 0505 

0.06 

LSD 

p= 0.05 

0.06
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of inflorescence branches than in with no N fertilizer treatment 

but the increase in plants in 15cm row spacing was greater than 

in 7.5cem row spacing. 

Flower weight per plant 

The time at which 50% anthesis occured in all the treatments 

is shown in Fig. 6.1. Flowering occured across all treatments at 

the end of April in Jet Neuf, 10 days earlier than in Nevin, which 

began flowering in early May. Jet Neuf, as a consequence produced 

a significantly greater dry weight of flowers (p<0.001) than 

Nevin at He (Table 6.9). Nevin completed flowering later than 

Jet Neuf, so that at Hy, Nevin produced a significantly greater 

flower weight per plant (p<0.001) than Jet Neuf. Nitrogen 

fertilizer caused the production of a greater flower wenger per 

plant in both varieties at H Plants in 15cm row spacing produced 3° 

sian oantly more flower weight per plant (p<0.05) than in 7.5cm 

row spacing at Ee 

At Hy variety xrov spacing interaction was significant | (p<0.05). 

Jet Neuf in both row spacings produced greater weight of flowers 

than Nevin. Nevin was just starting to flower and flowering 

started in 15cm rowspacing but not in 7.5cm row spacing. 

Pod dry weight per plant 

The earlier flowering of Jet Neuf allowed the production of 

a significantly greater pod weight per plant (p<0.001) than in 

Nevin at Hy, and H_ but at maturity there was no significant 
5 

difference in pod dry weight per plant between Jet Neuf and Nevin. 

Significant nitrogen effects for pod dry weight per plant (p<0.05 

[Hy He | and p<0.01 [| ) were present throughout the pod growing 

period. Plants at a spacing of 15cm had a significantly greater
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Table 6.9. Variance ratios and significance of differences from 

analyses of variance for flower weight per plant and 

pod weight per plant for B. napuscv Jet Neuf and Nevin, 

at two N fertilizer levels with 7.5cm and 15cm between 

    

TOWSo 

Item ar Flower weight Pod weight 

Harvest Harvest 

H Hy, Hy, He He 

(:6.5.80) (27.5.80)  (2%.5.80) 17.6.80) (30.7.80) 

Blocks 1 3.20 1.34 0.02 8.65* 0.02 

Fertilizer(F) 1 5.9* 0.41 6.40* 84.66% ** 6.23% 

Density(D) 1 10.52* 0.14 3.68 12,.84** O21 

F x D 1 0.13 0.04 541 11.48* 0.01 

Variety (V) a 66.72*** 31.85*** 33,92*** 32, 49+** 0.12 

FxV 1 43% O45 heh 24.42** 0,86 

DxV 1 9.16. Os 1.82 6,117 0.21 

FxDxVv 1 0.02 0.00 1.80 0.13 0.95 

Error 9 
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Table 6.10. Means for flower weight (g) and pod weight per plant(g) 

for B. napus cv. Jet Neuf ani Nevin at two N. fertilizer 

levels with two row spacings, where significant differences 

for the factors and their interactions were found in 

analysis of data (Table 6.9). 

Factors 

Harvest variety N fertilizer -1 row spacing 

J. Neuf Nevin O Kg ha 55 Kg ha 7o5em 15cm 
a 

Flower weight per plant 

H, 0.05la 0.001b 0.02b 0.03a 0.02b 0.04a 

Hy, 0.001lb 0.037a NS NS 

Pod weight per plant 

Hy 0.73a 0.19b 0.34» 0.58a _NS 

He 1.79a 1.16b 0.97b 1.98a 1.28b 1.67a 

Hg | NS 1.39 2.48a NS 

Interactions 

Flower weight per plant 

He Variety x density . Varieties “LSD 

Jet Neuf Nevin p= 0.05 

row spacing (7.5cm 0.032 . 0.000 | 0.022 

(15cm 0.071 0.001 

Pod weight per plant 

He Variety x fertilizer Varieties LSD 

Jet Neuf Nevin p = 0.05 

N fertilizer(without 1.01 0.93 0.38 
(with 2.57 1.40 

He Variety x density varieties LSD 

Jet Neuf Nevin p = 0.05 

row spacing (7.5cm 1.46 1.10 0.38 
(15cm ete Ve22 

’ poner te 
He Density x fertilizer vow spacing LSD 

75cm 15cm p= 0.05 

N fertilizer (without 0.% 0.98 0.38 
(with 1.60 2057
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pod dry weight per plant (p<0.01) than plants in rows 7.5cm 

apart only at ae 

Both Jet Neuf and Nevin produced more pod weight per plant at as 

with added nitrogen than with no N fertilizer addition, but the 

increase in Jet Neuf was greater than in Nevin. At He again 

both varieties produced more pod weight per plant in 15cm than 

725cm row spacing but the increase in Jet Neuf was greater than 

in Nevin. At He again plants with added nitrogen had a greater 

pod weight per plant than with no N fertilizer addition but the 

increase in rows 15cm apart was greater than in rows 7.5cm apart. 

Mean relative growth rate and mean net assimilation rate 

There were no significant differences between Jet Neuf and 

Nevin for mean relative growth rate throughout the experiment 

(Table 6.11). Jet Neuf had a significantly greater net assimilation 

pte 20.01) than Nevin (Table 6.12) during the interval between 

H, and H, (iss ). Nitrogen fertilizer showed significant effects 

on both relative growth rate and net assimilation rate during H-> 
12° 

Relative growth rate during 5g for rows 15¢m apart was significantly 

higher (p<0.05) than in rows 7.5cm apart . 

The interaction term fertilizer x row spacing at us was 

significant for both relative growth rate (p<0.001) and net 

assimilation rate (p<0.01). Plants in rows 7.5cm apart had 

suse RGR and NAR in the with N fertilizer treatment (Table 6.12). 

In contrast plants in rows 15cm apart had higher RGR and NAR in no 

N fertilizer treatment. 

Mean leaf area index 

There was no Significant difference between Jet Neuf and Nevin 

in mean leaf area index during the experiment (Table 6.13, 6.14).
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Table 6.11. Variance ratios and significance of differences from 

analyses of variance for relative growth rate (RGR) 

and net assimilation rate (NAR) for B. napus cv. Jet 

Neuf and Nevin, at two fertilizer levels with 7.5cm 

and 15cm between rows. 

Item df 

H. H H H H 

25,318 144280 6.5280 27.5180 17.6280 30. 

Relative growth rate 

Blocks 1 4.00 

Fertilizer(F) 1 32,.65*** 

Density(D) ali 2.76 

F xD 1 0.39 

Variety(V) 1 "1.26 

Fxv 1 0.01 

DxV 2 1.85 

FxDxvVvV i 0.62 

Error 7 

Net assimilation rate 

Blocks 1 5eOL* 

Fertilizer(F) 1 1oees"* 

Density(D) 1 463 

F xD ut 0.63 

Variety(V) 1 0.58 

FxVv 1 0.04 

DxV 1 Vel? 

FxDxV 1 0.25 
Error 7 

Harvests 

3.65 

0.19 

9.46* 

20.63** 

443 

0.19 

2305 

2.83 

1.55 

2097 
1.80 

10.23" 

14.16** 
1.73 
Zeck 

1.49 

0.03 

eoee 

141 

494 

0.38 

0.07 

0.88 

0.53 

O43 

1.29 

0.72 

446 

471 

0.09 

0.35 

1.29 

0.01 

2033 

0.37 

0.02 

3.01 

0.28 

0.21 

dee 

2.44 

2.36 

0.11 

O14 

0.73 

0.55 

0.38 

0.51 

1.03 

0.52 

0.00 

1.23 

0.70 

0.00 

0.65 

0.02 

H 

a
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Table 6.12. Means for relative growth rate (mg fenuay and net 

assimilative rate (mg anieday} for B. napus cv. 

Jet Neuf and Nevin at two N fertilizer levels with 

two row spacings, where significant differences for 

the factors and their interactions were found in 

analysis of data (Table 6.11). 

Factors 

Harvest Varieties N fertilizers row spacings 

J. Neuf Nevin OKg hal 55 Kg ha7? 7.5cm 15cm 

Relative Growth Rate 

el 
NS — 0.021b 0.054a NS 

H, . 
NS NS 0.05a 0.037b 

H 
3 

Net Assimilation Rate 

a 
Ne NS 0.172b 0.368a NS 
He 

0.712a 0.450b NS NS 
H 

3 

Interactions 

RGR 

note density x fertilizer 

row spacing ‘LSD 
7o.5em 15cm p = 'OL01 

N fertilizer (without 0.041 0.047 
(with 0.059 0.027 0.021 

Ho13 density x fertilizer 

row spacing LSD 
7oocm 15cm p = 0.05 

N fertilizer (without 0.57 0.70 
(with 0.67 0.36 0.240
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Nitrogen fertilizer treatments had significantly greater LAI at 

Hy (p<0.001) and Hy (p<0.01, Table 6.14). Rows 15cm apart had | 

Significantly less leaf area index than rows 7.5cem apart at Hy 

(p<0.001), H. and Hs (p<0.01). 

At i density x fertilizer interaction was significant 

(p<0.05) when plants at both 15cm and 7.5cm row spacing had 

greater LAI in the with N fertilizer treatments than in the no N 

fertilizer treatments. The increase in 7.5cm row spacing was 

_higher than 15cm row spacing. 

Leaf area ratio 

The Analysis of variance LAR data is given in Table 6.15 and the 

mean for significant items in Table 6:14, Nevin had significantly 

greater leaf area ratio (p<0.01) than Jet Neuf at both A and Hye 

Nitrogen application (N fertilizer). increased LAR significantly 

(p <0.05) over no N fertilizer at H, only. No significant effects 

due to row spacing were found in LAR except at Hy when LAR was 

significantly greater (p<0.05) in 7.5cem than 15cm row spacing. 

Seed _ yield and yield components 

The analyses of variance for seed yield data and its 

components taken at maturity are given in Table 6.16 and their 

means are given in Table 6.17. 

There were no significant differences between Jet Neuf and 

Nevin for any of the wasidbles except 1000-seed weight and 

harvest index, Jet Neuf had a significantly greater 1000-seed 

weight (p<0.001) and harvest index (p<0.01) than Nevin. 

Increasing nitrogen level had a significant effect in 

increasing pod number per plant ,jharvest index and seed weight 

per plant (p =20.05).° No significant effects were found due to
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Table 6,13. Variance ratios and Significance of differences 

from analyses of variance for leaf area index (LAI) 

for B. napus cv. Jet Neuf and Nevin, at two N 

fertilizer levels with 7.5 and 15cm between rows. 

ee 

  

Item af Harvests 

Hy Hy i Hy, He He 

Blocks ieee 4.85 0.28 0.13 1.08 

Fertilizer (F) 1 1.26 50.68***17.78** 2.50 1.17 

Density(D) 1 28,35* 23.28** 16.06** 4.39 1.55 

F xD 1 0.18 4.11 7096* 0.05 0.05 

Variety(V) d, 2095 U ahib2 = 1.0% 2.31 0.18 

Fxv 1 2.18 4.36 0.01 0.52 1.93 

DxV 1 0.17 O14 0.75 0.01 0.14 

FxDxvVv 1 4.85 1.95 S20 O50) |-ckeak 

Error 7 
———$—$——— pe



followed by winter turnip, spring oilseed rape, and spring turnip 

rape (Appleqvist & Ohlson 1972). 

Oilseed rape is grown on heavier soil types but is successful 

on moisture retentive soils with good drainage. It is sensitive to 

acidity, therefore soil pH should be at least 6.00 (Moore 1976) o 

Traditionally the crop is sown in 35.5 cm rows but drilling 18.00 cm 

rows with a standard corn drill can also be done. Some farmers prefer 

corn drills with narrow rows ive. 12.0 cm. A row width 35.5 cm is 

best for direct combining whereas close drilling 12.0 - 18.0 cm gives 

the best protection against predation by pigeons. A seed rate of 6.7 

- 9.0 Kg ba is normally.used although for fine quality seed beds a 

lower seed rate can be used (Moore 1976). The crop is sown 1.2 cm (0.5 inch) 

deepo 

Nitrogen fertiliser is applied to spring rape at the rate of 

188 te ba either solely as a seed bed dressing or in split applications, 

first into the seed bed and later as a top dressing during the post- 

emergence period. ADAS recommendations for winter oilseed rape are 

225 Kg N he on sandy soils and 200 Kg of N ha-~ on medium and heavy 

soils where rape follows a cereal. All nitrogen should be applied at 

the start of spring growth, in the last week of February or early 

March (Long 1981). The current recommendation for phosphate fertilizer 

is 40 Kg na”, Potash should be applied to maintain soil levels for 

which 40 Kg ee of potash is recommended. 

Experiments have shown that harvesting for optimum yield should 

be mid July for autumn sown and mid August for spring sown cropse 

The crop may be either swathed or windrowed, or combined direct. The 

former is necessary for uneven ripening crop and is normal treatment 

for winter rape in the U.K. The crop is cut when the bulk of the 

pods in the middle of the stalk are turning yellow and seed is



Table 6.14. Means for leaf area index (LAI) and leaf area 

ratio (om@/g) for B. napus cv. Jet Neuf and Nevin 

at 2N fertilizer levels with two row spacings, 

Where significant differences for the factors 

and their interactions were found in analysis of 

data (Table 6.1356-15), 

LAI 

Harvest Varieties N Fertilizers row spacings Jet Neuf Nevin OK haw 55 Ke aa Tuscan 15cm A Kg ha 205m 15cm 
Hy . NS NS 1.19a 0.66b 

H, NS, 1.10b 2.9la 2.6la 1.39b 

He, NS 1.7 b 2.52a 4.49a 1.21b 
Interaction 

i, density x fertilizer 

row spacing LSD 
75cm 15..cm p = 0,05 

N fertilizerfwithout 1.36 0.98 
(with 3061 1.43 Bok 

LAR 

Factors 

Hy NS NS 151.38a 144.82b 
H5 NS 114.20b 146.85a NS 
Hy 39.80b 61.16a NS NS 
Hy, 6.77b 16.182 NS NS



Table 6.15. Variance ratios and Significance of differences 

from analyses of variance for leaf area ratio (LAR) 

for ( B. napus cv. Jet Neuf and Nevin, at two N 

fertilizer levels with 7.5cm and 15cm between rows. 

eee 

Item af Harvests 

Hy He Hy Hy, He He 
et ne ee, ee, ee 

Blocks 1 3.68 1.45 0.05 0.23 1.02 

Fertilizer(F) 1 0055 9.63 0.07 0.04 0.51 

Density (D) 1 8.08" (35.35 0.5759 X85 - 0291 

FxD 1 0.01 0.37 -0.32 -0.32 0.41 

Variety (V) 1 0.00 0.12 24,22**29,16** 0.00 

‘FoxyV 1 0.52" 5 Ovde 1565 - Lahde, 2670 

DxV 1 2.10 0.33 0.13 0.15 0.04 

FxDxVv i 0.03 0.02 0.10 0.01 1.19 

Error 7
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Table 6.16. Variance ratios and significance of differences 

from analyses of variance for seed yield and its 

components at maturity for B. napus cv. Jet Neuf and 

Nevin grown at two N fertilizer levels with two row 

spacings. 

  

Item df Seed wt. Pod no. Seed no. l000-seed Hull wt. Harvest 

per plant per plant per pod weight per plant index 

  

Block 1 0.03 0.00 3258 0.60 0.17 0.73 

Fertilizer(F) 1 5.50" 11...58* 2.38 0.73 5023 8.26* 

Density(D) = 0.23 1.03 0.54 0.33 0.33 0.45 

F x D 1 0.04 ~ 0.00 0.82 0.01 0.03 0.00 

Variety (V) 1 0.65 eek 1.69 Bo.01*** 1.25 21.15** 

FxV T° 0.82 0.73 0.27 2.48 0.97 5.03 

DxV 1 0620 0.02 0.23 0.00 0.29 0.26 

F xD ¥ 1 0.95 1.68 1X 0.61 0.11 0.88 

Error ¥ 

 



Wable 6.17. Table of mean seed yield per plant and its components, 

-at maturity for B. napus cv. Jet Neuf and Nevin grown 

at two fertilizer levels and two row spacings. 

ee 

Seed wt. Pod no. Seed no. 1000-seed Hull wt. Harvest 
per plant per plant per pod weight per plant index 

(g) (g) (mg) 

Cultivar 

Jet Neuf 1.14 14.03 16.43 5.68a 58.4 Ood4a 

Nevin — 0.94 16.88 15.69 4.11b Dose 0.29b 

LSD NS NS NS 0.43 NS 0.03 

Fertility levels 

No fertilizer 0.75b 12.22b 15.62 4.82 51.6 0.33a 

with fertilizer 1.33a 18,68a 16.49 4.97 60.0 0«29b 

LSD 0.60 4.67 NS NS NS 0.02 

Row Biscing 
7.5cem 0.98 14,48 16.26 4.85 544 0.31 

15cm — 1.10 16.43 15.85 4.95 57 o1 0.32 

LSD _ NS NS NS NS NS NS 

eee



increased row spacing or to any of the interaction terms. 

Correlations between seed yield characters 

Simple correlation coefficients between seed yield and other 

mature phant characters are given in Table 6.18. Seed yield per 

plant, pod weight per plant, and pod number per plant showed 

significant positive correlations (p<0.001) with mean dry weight 

per plant. Seed number per pod and 1000-seed weight were positively 

correlated with dry weight per plant, whilst harvest index was 

negatively correlated with dry weight per plant but not significantly 

so. Correlations of seed weight per plant with pod number and pod 

weight per plant were positive and significant (p<0.001). Whilst 

seed weight per plant Lag both seed number per pod and 1000-seed 

weight were positively correlated , and seed weight per plant and 

harvest index were negatively correlated, these relationships were 

not,significant. No clear relationship was found between pod 

number per plant and seed number per pod or 1000-seed weight. 

None of the correlations of both seed numher per pod and 1000-seed 

weight with any other character were significant except that 

between 1000-seed weight and harvest index, which was positive 

and significant (p<0.01). 

Leaf area at anthesis has an important influence on dry and 

seed weight of the mature plant (Allen and Morgan 1975). Therefore 

correlations between leaf area index and leaf weight at H, (anthesis) 
3 

were also calculated with other characters at maturity. As 

expected correlation between leaf area index and leaf weight at 

anthesis (H) was positive and significant (p<0.001). Both leaf 

aiea index and leaf weight at Hs showed a significant and positive 

correlations with dry weight per plant (P<0,05 and p<0.001)g seed weight



Table 6.18. Correlation coefficient between yield and yield components 

in two varieties of winter B. napuSe 

Se ee ee ee ee oe ee ee ee Oe 

Seed wt. Pod wt. Pod no. Seed no. 1000-seed Harvest Leaf wt. LAI 
per plant per plant per plant per pod weight index at Hz at 

| 15 a ee eee Rie es See ee 

Dry wt. 0.97*** 0,99*** 0.89*** 0.31 0.30 =O ee 0.74***0,56* 
per plant 

Seed wt. 
per plant 0.99*** 0,82*** 0.32 O45 0.01 0.68** 0.49% 

Pod wto 

per plant 0.86*** 70.26 0.34 “0.12 0055" 0.39 

Pod nua. 

r plant 0.08 -0.06 -O-42 0.69** 0.49% per p ; 

Seed no. 

per pod 0.28 -O.01 0.35 0.31 

1o00-seed ; 
weight 0.66** 0.14 -0.03 

Harvest. . xy 

index -0.353 -0.37 

Leaf wt. 
at H, ©.76*** 

oo eee



and pod number per plant (p<0.05 and p<0.01 respectively) at 

maturitye 

6.4 Discussion 

Leaf weights for both Jet Neuf and Nevin reached a maximum 

at the full flowering Bie Leaf weights and leaf areas declined 

thereafter. This behaviour of oilseed has been reported by 

Allen, Morgan and Ridgman (1971) and Major (1977) in spring oilseed 

rape and by Scott, Ogunremi, Ivins and Mendham (1973a) in winter 

ollseed rape. As leaf area was declining after anthesis, dry 

weight was increasing mainly due to an increase in pod weight. 

Similar results ais been reported by Mendham and Scott (1975) in 

winter rape and by Allen , Morgan & Ridgman (1971) and Allen and 

Morgan (1972) in spring oilseed rape. 

Although Jet Neuf and Nevin have been bred for contrasting 

plant characters, the former for seed and the latter for vegetative 

growth, there were no significant differences in seed yield per 

plant between the two cultivars, Seed yield per plant is determined 

by the number of pods per plant, the number of seeds per pod and 

seed weight. Since no differences were found between the varieties 

for either pod number per plant or seed number per pod, it is clear 

that seed yield per plant would be similar in the two varieties. 

Although Jet Neuf had a significantly greater 1000-seed weight than 

Nevin, the lack of any significant differences between the varieties 

in pod number per plant, which mainly determines plant yield 

(Olsson 1960, Clarke and Simpson 1978), or seed number per pod 

geen that there was no significant effect of 1000-seed weight 

on seed weight per plant. Although pod number per plant is a 

major component controlling seed yield per plant, as shown by



the highly significant positive correlation between seed yield 

and pod number, it is strongly influenced by environmental factors, 

This was shown by the data in this study where only pod number 

per plant and thus seed weight (p = 0.05), was affected by 

fertility out of all the recorded characters. It has also been 

Shown in the data in previous chapters. In contrast, number of 

seeds per pod and 1000-seed weight have less influence on seed 

yield and it has also been suggested (Olsson 1960), that they 

are less influenced by environmental factors. Similar results 

to those observed here, were reported for spring oilseed rape by 

Allen and Morgan (1972) for turnip rape by Krogman and Hobbs (1975). 

Final plant dry weight and seed yield are functions of the 

photosynthetic efficiency of the plant, and this influences growth 

rate. It is not surprising therefore in view of the lack of 

consistent significant differences between plant dry weight and 

seed yield at maturity that the growth parameters leading to the 

production of plant biomass did not differ significantly. There 

were essentially no differences in leaf area indices or relative 

growth rate between varieties during the experiment. 

The fact that this experiment revealed no significant : 

difference in seed yield between Jet Neuf and Nevin is at one 

disappointing and interesting. These two varieties are grown 

for, quite different purposes. Jet Neuf, which appears on NIAB 

recommended lists, is grown for its high seed yield with its high 

oil content. It is thought that Jet Neuf was mainly responsible 

in boosting the oilseed rape yields in the U.K. (Johnson 1981). 

Nevin by contrast is a fodder variety grown for its dry matter



(vegetative) production rather than its seed production. Although 

dry weight per plant and its components tended to be greater in 

Jet Neuf during the experiment, there were no significant differences 

between varieties in these components or seed yield per plant at 

maturity. However, varietal interactiorm with density and 

fertilizer did show that Jet Neuf exploited the resources more 

efficiently than Nevin. 

The lack of yield difference between these two contrasting 

varieties is difficult to explain. However, some factors may have 

influenced the performances of the varieties. The experiment was 

sown in the last week of September and the evidence of Mendham and 

Scott (1975), from their experiments with spring, winter, and 

intermediate varieties of oilseed rape shows that a substantial 

loss in seed yield occurs when oilseed rape is sown later than 

mid. September. This may arise because all plants irrespective 

of their size initiate inflorescences during the winter, thus 

determining at an early stage the number of potential sites 

for leaf and primary branch development. This will limit the 

yield potential.of late sown plants, which are still very small 

when the change from the vegetative to the reproductive phase 

occurs. The growth pattern in the expe ri:ment reported here is 

similar to that in their experiment of Mendham and Scott (1975) 

sown on September 28, 1972. The data suggest that late sowing 

did not allow Jet Neuf show its full potential for growth and 

seed yield. This view is supported by the correlation studies, 

High correlations (Table 6.18) between dry weight, seed weight 

and pod number suggest that plant size gives rise to more pods and
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hence more seed yield and thus determines seed yield. These data 

agree with Phurding (19745) and Clarke and Simpson (1978). 

Similarly higher leaf area and higher leaf weight at anthesis, 

which is very important for high seed yield (Allen and Morgan 

1975), also showed high correlations with dry weight, seed weight 

and pod number at maturity, suggesting that more leaf area and 

leaf weight give rise to more pods which produce more dry weight 

and seed yield. Both varieties were affected from delayed sowing but 

Nevin appears to have suffered much less than Jet Neuf, and this 

may be a Ee aeeaence of a greater phenotypic stability in Nevin 

than in Jet Neuf. 

Another factor which may have been important in reducing 

seed yield in Jet Neuf was the dry weather from late March to 

Mid May 1980 (Appendix 1). This drought occurred at the time of 

maximum flowering and early pod formation. This period is a critical 

one in plant growth and is mainly responsible for final seed yield. 

Though no data on flower and pod shedding was taken, it may be that 

the dry weather affected fruit set adversely and led to the shedding 

of unfertilized flowers and newly formed pods. 

Nitrogen fertilizer effects on dry weight and its components 

(leaf, stem and pod weight etc.) were quite clear, although ° 

insufficient to enable Jet Neuf to exploit its full yielding 

potential, during the experiment. Nitrogen also had a significant 

effect on seed yield and pod number per plant at maturity. 

Similar results showing that nitrogen application increases leaf 

area, dry weight, leaf, stem, pod and seed weights per plant have 

been reported by Allen and Morgan (1972, 1975) and Scarisbrick, 

Daniels, Chapman, and Parr (1981) in spring oilseed rape and by 

2
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chocolate brown, firm and pliable when rolled between the finger and 

thumb. Over-ripeness leads to pod shatter and consequent seed loss. 

Maturation in windrowed crops usually takes 7-10 days at which time 

the crop is combined, the seed having become hard and black. Direct 

combining is used for evenly ripened crops, usually spring rape on 

light soils. Usually winter oilseed rape yields from 2500 to 3000 

Kg ha and spring rape 1875 to 2000 Kg ie though good crops 

produce more. In Britain the winter oilseed rape variety, most 

commonly grown is Jet Neuf, other variesties are Primer, Elvira 

and Rapol. The summer oilseed rape varieties commonly grown are 

Brutor, Cresus, Maris Haplona and Gulle. 

Objective and Scope of work in this thesis 

As a result of increasing role of oilseed rape in European 

agriculture in particular, and in the world in general, efforts are 

being’ inade to breed varieties with improved yield and with the desirable 

characteristics, In the oilseed rape crop intensive plant breeding 

activity is a relatively recent development. This reflects the 

dramatic increase in the crop's importance in recent years, It is 

therefore important to provide comprehensive background information 

about physiological and genetical aspects of the oilseed rape plant 

especially seed yield and its components, and varietal stability in 

differing environmental conditions. 

The present work was therefore carried out with the objective 

of analysing the growth of the plant particularly dry matter 

partitioning,the genetic basis of yield components, correlations 

between yield and yield components, and the behaviour of different 

varieties in different density and fertility levels. Comparison 

of older and newly released varieties was undertaken in the expectation 

of maximising tr netinee in yield and its components in the experiments 

carried out.
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Scott, Ogunremi, Ivins and Mendham (1973b) in winter oilseed 

TAVE o 

There were no significant differences for seed yield per 

plant and its components due to row spacing. It is known that 

there is an optimum seed rate for every crop depending upon 

optimum plant size. If the plant poqulation per hectare is 

increased to that optimum there follows an increase in seed yield 

per hectare. At seed rates above that optimum, seed yield may 

again be affected. Similar behaviour in response to row Spacing 

have been reported by several workers. Singh and YadVia (1972) 

found in spring Be campestris row spacing of 30cm, 45cm and 60cm 

had an effect on pod iensth, seeds per pod, 1000-seed weight, but 

the seed yield per hectare with 30cm row Spacing was significantly 

better than a row spacing of 45cm. Rows 45cm and 60cm apart did not 

differ from each other. Kondra (1975) reported that narrow row 

Spacing of 40cm in spring oilseed rape resulted in the highest 

yield in his experiment over two years and two locations compared 

with row spacing of 45cm or 60cm. Seeding rate, however, aid not 

affect 1000-seed weight, as this tends to be a more phenotypically 

stable character (Bradshaw 1973), in general and has also been 

reported in oilseed rape (Degenhardt and Kondra 1981). The results 

of this experiment show that rows 7.5em apart give a greater seed 

yield per hectare than rows 15cm apart, Since there was no 

Significant difference in seed yield per plant between the two 

row spacings.



CHAPTER 7 

Growth of Spring Oilseed Rape in Response to Thinning 

During the Vegetative Growth Period. 

7ol Introduction 

The expression of an individual genotype can be modified by 

different environments (Bradshaw, 1965). A common cause of 

environmental heterogeneity is variation in population density, 

which affects the availability of nutrients, water and light, for 

the growth of individual plants. Shortage of these resources 

caused by increased plant density can affect plant morphology 

(Khan. and Bradshaw, 1976) « 

The effects of density on different plant characters in 

oilseed rape has been reported by several workers. Clarke and 

Simpson (1978) found that number of pods per plant and seed number 

per pod were reduced, whilst 1000-seed weight and seed yield per 

unit area increased with increased plant density. Increasing plant 

density in spring oilseed rape caused a decrease in seed yield per 

plant (Degenhardt and Kondra, 1981), whereas Kondra (1975), and 

Degenhardt and Kondra (loc. cit.) found that 1000-seed weight was stable 

in spring oilseed rape. The above studies were made on plants grown 

and kept at constant density. However, the distance separating 

neighbouring plants (i.e. plant density) and their presence or absence 

during the plant growth cycle can profoundly affect the growth and 

development of individual plants (Ross and Harper, 1972). 

The stage at which competition is most intense is very important 

for optimising crop production. Hodgson and Blackman (1957) reported 

an experiment with Vicia faba, grown under close spacing in which 

they carried out thinning at different developmental stages. They 

found that the intensity of competition between plants even at
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relatively close Eeacine did not become marked enough to affect 

ultimate seed production until plants were at an advanced stage 

of vegetative growth, and it did not reach a maximum until the 

post flowering phase. Different characters of the plant showed 

differences in their response to thinning and some characters were 

little affected by it. 

Spring and winter oilseed rape exhibit considerable phenotypic 

variation as shown in previous chapters and the experiment reported 

here was set up to assess the degree of phenotypic plasticity shown 

by spring oilseed rape in response to the removal of stress, by 

thinning plants in stands of a single fixed density at regular 

intervals during the growth period. The stage at which competition 

has its maximum effect on yield and yield components should thus be 

revealed, and also whether the extra space made available due ‘to 

thinning is utilized. Finally, any differences should be apparent 

between varieties in their ability to utilize the space provided 

by thinning, ise. it should be clear whether varieties differ in the 

extent of the plasticity of their phenotypes. 

7.2 Materials and Methods 

The experiment was carried out in a heated and lit epeebene 

at the Department of Botany, University of Liverpool. The greenhouse 

was heated and kept at 25.5°Ce Natural day length was supplemented 

with artificial light to give 16 hours day length using 400 watt 

mercury vapour lamps. The experiment was sown on 9.12.80. 

Two varieties of spring oilseed rape (B. napus) were used, 

Bronowski, released in Poland in 1955, and Orpal, released in France
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in 1978. Twenty piante were grown in a 17.8cm plastic pot , from 

seed planted 3.5cm apart in a hexagonal pattern, each seedling 

being equidistant from its immediate neighbours. The plants were 

grown in John Innes potting soil. Two to three seeds were placed 

at each position and seedlings were thinned to one plant per 

position after germination. The experiment consisted of three 

replications, each replication being a randomised block containing 

15 pots of each variety. 

There were two sets of thinning treatments where the number of 

plants per pot was reduced from 20 to 10, and two controls in which 

the number of miztite pac pot remained at 20 and 10 throughout. In 

set 1, thinning took place at 2, 4, 6, 8 and 10 weeks from germination 

and the plants which remained after thinning were harvested and their 

dry weights measured after 12 weeks growth. In set 2, thinning took 

place*2, 4, 6, 8 and 10 weeks from germination as in set 1, but 

additional thinning was carried out 12, 14 and 16 weeks from 

germination. The plants remaining after thinning in set 2 were harvested 

at maturity on 8.5.81, 18 weeks from germination and their dry weights 

measured. Thinning was carried out by cutting plants at soil level in 

alternate rows leaving 10 plants per pot. All harvested plants were 

oven dried at 38°C for seven days and dry weights recorded. In addition 

to data for plant dry weight, set 2 plants were used to provide data 

for number of pods per plant, seed weight per plant, seed number per 

pod and 1000-seed weight. To avoid pod shattering the plants were 

harvested when the majority of pods were ripe. This meant that 

some of the pods were still green and it was noticed at seed 

collection that in some pods seeds were not fully developed.
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However, since the miner of unripe pods did not differ between 

varieties, they would have minimal effect on the data and its 

interpretation. Seed was separated by hand and a sample of up to 

400 seeds taken from each plant to determine 1000-seed weight. For 

most of the plants all seeds were counted and number of seeds per pod 

and 1000-seed weight determined. For those plants which had more 

than 400 seeds, seed number per pod was determined from seed weight 

per plant, pod number per plant, and 1000-seed weight, obtained from 

the 400 seed sample. Harvest index was calculated by dividing seed 

weight per plant by dry weight per plant. 

Analyses of variance were carried out on the data for all 

characters at both harvests, Simple correlation coefficients 

between the characters at maturity were also calculated. 

7.5 ‘Results 

Data for the two varieties for mean dry weight per plant after 

12 weeks growth, thinned to 50% density at 2, 4, 6, 8 and 10 weeks, 

are given in Table 7.1. The differences for dry weight per plant due to 

thinning are significant (p <0.05). It can be seen that, as the time 

of thinning is delayed , there is a corresponding decrease in mean 

plant dry weight. Orpal accumulates significantly more dry meas 

per plant during the 12 weeks growth than Bronowski (p <0.05). 

“Data for dry weight per plant, seed weight per plant, pod 

number per plant, seed number per pod, and 1000-seed weight at 

maturity, and harvest index, are given in Table%2 and analyses of 

variance for these characters are summarised in Table 7.3. These data 

show that differences due to thinning treatments for dry weight per 

plant, seed weight per plant, and pod number per plant are significant 

(p <<0.05), whereas seed number per pod, 1000-seed weight arid
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Table 7ol.e Dry weight per plant for Bronowski and Orpal spring 

oilseed rape harvested 12 weeks after germination. 

esac rane enna nnn 

Variety Weeks after germination Mean 

2 hy 6 8 10 
cn nnn 

Bronowski 1.623 0.85 1.89 0.78 0.78 1.11b 

Orpal 2.14 2e57 1.18 nwa 1.10 1.60a 

ann nce 

Mean 1.69a. le6la 1.54a 1.00b 0.94b 

ee 
eee 

LSD at p = 0.05 between 

Variety (V) i 0.32 

Treatment (T) Oe 51: 

V x T interaction = O.71



Table 7.2. Total dry weight per plant and its components at maturity. 

Weeks from Dry weight per plant Seed weight per plant 

(g) 
Pod number per plant Seed number per pod 1000-seed weight 
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Harvest index 

  

germination 

Bronowski Orpal Mean Bronowski Orpal Mean Bronowski Orpal Mean Bronowski Orpal Mean Bronowski Orpal Mean Bronowski Orpal Mean 

(10 a 3.20 4,12 3,66ab 0.77 1.21 0.99ab 19.00 24,33 21.67ab 14.13 11.89 13.01 2.81 4.02 3.41 0.24 0.29 0.26 
contro 

2 3.15 5.48 4.31a 0.84 1.62 1.23a 19.00 30.00 24,50a 19.64 11.70 15.67 2.42 4,58 3.50 0.26 0.31 0.28 

4 2.48 3.67. 3.llabe 0.72 1.02 0.87abc 14.79 20.67 17.73abc 14.24 11.67 12.96 2505 $4423 3.55 0.25 0.26 0.26 

6 2.88 271 2.79bc 0.79 0.72 0.75be 18.00 16.00 17.00abc 15.06 11.43 13.24 2409 5s: 5,25 0.27 0.25 0.26 

8 3.02 3257 3-30abc 0.76 0.93 0.85abc 17.67 20.67 19.17abc 15.18 11.24 13.21 2.68 4.08 3.38 0.24 0.28 0.26 

10 2.20 2.35 2.27c 0.40 0.65 0.53c 9.67 12.67 11.17c 14.39 12.50 13.44 Decay ade. See 0.20 0.28 0.24 

12 3.02 2.45 2.73be 0.76 0.69 0.72be 20.33 15.67 18.00abec 12.68 11.23 11.95 2.82 "5.90 3.356 Ose) (Qs204) 6627 

14 ie7e 20k. 2se70 0.34 0.73. 0.54bc 8.00 14.00 11.00c 14.67 12.76 13.76 5.18% +605\) 5.60 0.20 O27. 0.23 

16 1.67 2.41 2.04¢ 0.36 0.63 0.49¢ 1060 12 067°21.55¢ 10.76 ~ 12.55. “11.54 3.00 3.89 3.44 0.20 0.25" 0.22 

No thinning 1.89 2.87 2.38bc 0.36 0.82 0.59bc 9635.2 16.35°12.83c¢ 12508" 11.67 11.87 3.22 6963.86. 3.54 0.19 0.27 0.23 
(20 plants 

control) 

Variety Mean 2.52b 5.25a 0.61b 0.Wa 14,58b 18.30a 14.29a 11.84b 2.91b 4,0la 0.23b 0.27a 

LSD at p = 0.05 between 

Variety (V) mean 0.62 0.20 3255 Le55 0.25 0.03 

Treatment (T) mean 1.38 0.45 7694 NS NS NS 

T x V mean NS NS NS NS NS NS



Table 7.5. Analyses of variance of the effects of thinning 

treatments on plant characters at maturity. 

Dry wt 

per 
plant 

Item d.f 

Treatments(T) 9 2.54* 

Varieties(V) 1 5,84* 

Tx V 9 0073 

Error 57 

Plant character 

Podno. Seed no. 1000-seed 

per per pod wt. 
plant 

2.95** 1.31 0.33 

4.58* 14,22*** 84,86*** 

0.67 1.47 1.50 

16” 

Harvest 

index 

0.71 

8.36** 

0.42 
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harvest index are not significantly affected by thinning. This 

suggests that, measured by their effect on mature plant characters, 

later thinnings cause significant reductions in dry weight per plant, 

seed weight per plant and pod number per plant (p<0.05). No 

Significant effects of later thinnings were found, however, for 

seed number per pod, 1000-seed weight or harvest index, these 

features of plant growth remaining stable regardless of the time of 

thinning. 

When compared with the 20 plants per pot control, early 

thinning allowed an increase in dry weight per plant, seed weight 

per plant, and pod number per plant. No similar increase as a 

consequence of early thinning was, however, found for seed number 

per pod . ,l000-seed weight or harvest index. 

Orpal again is superior to Bronowski at harvest 2 (Table 2) in 

dry weight per plant, seed weight per plant, pod number per plant, 

1000-seed weight and harvest index, However, Bronowski had a 

Significantly greater number of seeds per pod than Orpal. 

No significant variety x treatment intewction was found 

at maturity, thinning affecting both varieties in the same way. 

Correlations between yield components and their level of 

significance are given in Table 7.4. Significant positive correlations 

(~p <<0.001) were found between dry weight per plant, seed weight per 

plant and pod number per plant. Correlations of dry weight per plant 

with 1000-seed weight and harvest index were positive and significant 

(p <0.01 and p <0.05 respectively). Seed weight per plant was 

positively and significantly correlated (p <0.001) with pod number 

per plant, 1000-seed weight and harvest index. The correlations 

of pod number with 1000-seed weight (p <C0.05) and harvest index 

(p <0.001) were positive and significant. Seed number per pod and
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Table 
7.4. 
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Seed 
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no. 

Seed 
no. 

1
0
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per 
p
l
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n
t
 

per 
p
l
a
n
t
 

per 
pod 

wt. 
i
n
d
e
x
 

Dry 
weight 

per 
plant 

0.95*** 
0.94*** 

O.a5 
O.41** 

0.32* 

Seed 
weight 

per 
plant 

C595 
se* 

0.19 
Oot5*** 

0.59*** 

Pod 
number 

per 
plant 

_ 
0.08 

0.29* 
0.50*** 

Seed 
number 

per 
pod 

- 
0.40** 

0.28* 

1000-seed 
weight 

0.26* 
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CHAPTER 2 

Partition of Dry Matter in Oilseed Rape 

2.1 Introduction 

Interest in oilseed rape in Britain has grown rapidly over the 

past two decades. From its place as a break crop in cereal producing 

areas till late sixties (Bunting 1969), oilseed rape has become a 

valuable cash crop in its own right (Johnson 1981). The importance 

of oilseed rape seems bound to grow further because the crop is 

regarded by the EEC as a means of reducing the community's dependence 

on imported oilseeds particularly soyae Subsidies to crushers from 

the EEC underpin market nitees, and make oilseed rape attractive to 

grow. As a consequence the areas in which it is being grown are 

expanding westwards and northwards from the traditional cereal and 

rapeseed as a break crop growing areas. 

Since biological yield and seed yield both depend on the growth 

of the oilseed rape plant during its developmental stages, (Thurling 

1974a), an understanding of the interrelationships of morphological 

characteristics and plant growth and the way in which total dry 

matter is apportioned to different parts of the plant will be useful 

in defining growing strategies and plant breeding objectives. “An 

initial series of experiments, both in greenhouse and field conditions, 

were therefore carried out to examine growth and dry matter accumulation, 

and seed yield and its components. 

Since considerable studies have been made in improving yield in 

oilseed rape over the past twenty years, older and recently bred 

varieties were compared in order to try and assess, in terms of plant 

growth strategy, how yield differences have been brought about,since 

such information might reveal areas in which selection could bring 

about further improvements in yield.
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1000-seed weight were negatively and significantly correlated (p <0.01). 

Harvest index was positively correlated with seed number per pod ~ 

and with 1000-seed weight (p <<0.05). 

7.4 Discussion 

The time at which plant number per pot was reduced by thinning 

from 20 to 10 had a Significant effect upon dry weight produced after 

le weeks growth (Table 7.1). Thinning effects on mature plant dry | 

weight, seed weight and pod number were also significant (Table 7+3). 

Earlier thinning gave greater responses, reflected in higher values 

for these characters compared with delayed thinning treatments and 

with the unthinned 20 plant per pot control (Table 7-2) + Increase 

in these characters showed that plants successfully exploited the 

Space made available to them by removal of the thinned plants, the 

enhanced growth of the remaining plants compensating for the removal 

of the thinned individuals. Plant density is known to affect dry 

weight and seed weight in oilseed rape (Clarke & Simpson, 1978; 

Degenhardt and Kondra, 1981). These workers! observations were made 

on plants sown and maintained at a single density, whereas in the 

present study plant density was changed during the course of the 

experiment. This will therefore reveal the dynamic nature of the 

response of the oilseed rape plant to density change. The data from 

this experiment clearly show that different plant characters respond 

to the thinning treatments imposed at different times (growth stages) 

and in different ways, confirming the data of Khan and Bradshaw 

(1976) in Linum. 

The weight of seed produced by an oilseed rape plant is the 

product of three yield components; number of seed bearing pods,
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number of seeds produced per pod and individual seed weight, usually 

expressed as 1000-seed weight. Pod number per plant is the main 

determinant of seed yield and exhibits a high degree of phenotypic 

plasticity, being considerably affected by environment (Olsson 

1960; Thurling 1974b; Clarke and Simpson 1978). In contrast, seed 

number per pod and 1000-seed weight in B. napus are relatively less 

plastic (Olsson 1960, Thurling 1974b) and tend therefore fe be 

characteristic of a particular variety. 

The ability of the component parts of the oilseed rape plant to 

respond to the thinning treatments imposed, ise. their phenotypic 

plasticity, can be related to the growth cycle of the plant. After 

the seedling stage dry matter accumulation takes place at a rapid 

rate. Flowering normally begins some 7 to 10 weeks from germination, 

and at this point leaf area index and crop growth rate reach maxima 

(Allén and Morgan 1975, Major 1977). After flowering, total plant 

dry weight continues to increase and crop growth is still high even 

though leaf area is declining rapidly. Inanaga, Kumura and Murata 

(1979) have shown from tudies of photosynthesis and respiration in 

oilseed rape, that whilst leaves are the major photosynthetic organs 

until flowering, once flowering begins, photosynthesis by res 

becomes increasingly important in contributing to the production of 

dry matter in both pods and seeds. Although pod photosynthesis 

naee§ major contribution to pod and seed development, the role of 

leaves, in contributing to yield by way of flower bud formation 

(Thurling 1974b) cannot be overlooked. This is confirmed by the 

M*c0. assimilation experiments of Brar and Thies (1977) and of 

Major and Charnetski (1976) who have shown that photosynthates from
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the upper leaves and the stem are received by pods. Leaves, thus, 

have an important function in determining, through flower bud 

formation, the number and sizes of pods (Tayo 1974; Clarke and 

Simpson 1978). Thurling (1974a) also observed that growth in 

Be napus prior to anthesis had a much greater influence on seed yield 

than post anthesis growth. Clarke (1978) found in oilseed rape that 

leaf removal at the start of flowering had a very pronounced effect 

on seed yield and yield components due to a reduction in the number 

of pods as a consequence of leaf removal at anthesis. He argued 

that this was due to a reduction in the supply of assimilates to 

pods at that time. 

In summary then the growth of oilseed rape prior to anthesis 

is mainly the production of leaves, and this has a considerable 

influence on seed yield since it determines, by fixing the number 

of flower buds initiated, the number and, to some extent, sizes of 

pods on the plant. Once pods become macroscopic they synthesize, 

to a greater extent than leaves, their own assimilates and those for 

the seeds they contain. The results of the thinning treatments 

confirm this conclusion. 

During the vegetative period density affects the number and 

sizes of leaves formed, reflected in reduced dry matter production 

per plant in the high density control, and these in turn determine 

the potential numbers and sizes of pods. Pod number per plant in the 

thinning treatments up to 8 weeks after germination, was not Significantly 

different from pod number per plant in the 10 plant per pot control, 

but was significantly greater than for thinnings done after 10 weeks 

and the control 20 plants per pot. This suggests that pods are 

initiated early in the vegetative phase and thinning up to 8 weeks
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allows the pods already initiated to mature in larger numbers. 

Density stress experienced in the post vegetative period brings 

about shedding of flowers and/or pods and a reduction in the size 

of those pods that have already been initiated and this may explain 

why the number of pods per plant in this experiment was significantly 

lower in the 20 plants per pot control than in the 10 plant per pot 

control. Plants which reached the post anthesis stage (after 10 wks) 

at a density of 20 plants per pot were unable to compensate for plant 

thinnifig by eturive pods in excess of the number produced by the 

20 plant per pot control. Subsequent density stress may have 

caused abortion of flowers and/or pods, and once flowering finishes 

the number of pods per plant remains stable. According to Clarke 

and Simpson (1978) the number of seeds per pod is determined by the 

ability of the individual pod to supply assimilates when seed number 

is. being determined, a feature which is governed by late vegetative 

growth (mainly leaves). The data presented here show that the number 

of seeds per pod does not vary with density, and hence the absence 

of effects due to the time of thinning are to be expected. Seed 

Size within each variety reflected by 1000-seed weight, is similarly 

unaffected by density, or time of thinning. Constancy of seed 

weight is well documented for many crops and wild species (Bradshaw 

1965) and has been related to the high fitness which attaches to 

thischaracter. Varietal differences in seed weight have been 

found, Bronowski having significantly smaller seeds (p<“0.001) 

than Orpal, but having significantly more seeds per pod. 

High correlations between dry weight, seed weight and pod 

number per plant suggest that early growth, i.e. dry matter 

accumulation leads to the production of a greater number of pods 

x
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which is the main factor controlling seed yield per plant. The 

absence of any significant correlation between pod number per plant 

and seed number per pod suggests that the number of pods per plant 

does not adversely affect the number of seeds per pod and that the 

pods themselves support the seeds within them. The negative 

correlation between seed number and 1000-seed weight is the product 

of a fixed assimilate pool being distributed to a number of seeds, 

during the development of which competition may develop so that 

compensation of one against the other takes place, resulting in 

a negative correlation between seed weight and number. 

The lack of any variety x treatment interaction at maturity 

shows that both Bronowski and Orpal respond to thinning in the same 

way, both having the ability to utilise to a certain extent the 

extra resources made available to them by thinning during the growth 

period: The data show that seed number per pod, 1000-seed weight 

and harvest index Rear tectes by changed environment, but they 

do differ between varieties. In contrast, plant dry weight, seed 

weight per plant, and pod number per plant ane affected both by 

plant density, and by the thinning treatments imposed, and hence 

are highly plastic components of yield in B. napus.
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CHAPTER 8 

General Discussion and Conclusions ee Se eee eo On ne VONGLUS TONS 

Maximising seed yield per hectare is the main aim of oilseed 

rape production. Seed yield depends upon the variety grown and 

the environment including agronomic practices used to grow the crop. 

Seed yield per plant is the result of plant growth during its 

developmental stages and it is therefore very helpful to understand 

the inter-relationships of dorpiolewiea! characters and plant growth. 

This points to an adoption of the ideotype (Donald 1968), a concept 

well known and used in cereal breeding. It defines a plant model 

_ by evaluating a number of attributes such as foliage, stout stem 

and presence of awns on the florets, which influence biological and 

economical yield. An ideotype is therefore a biological model which 

is expected to perform or behave in a predictable manner within a 

defined environment, such as at a particular crop density or 

nutrient level, and which will give maximum yield under those 

conditions. A knowledge of these characters such as dry matter 

production and the way it is allocated to different seed yield and 

its components, would clearly be very useful in planning growing 

strategies and plant breeding objectives in oilseed rape. | 

The experiments carried out here were planned to examine 

“ay yield and its components in oilseed rape to gain information 

on the basic physiology of yield; 

2) the genetic basis of such variation with view to assessing 

potential for improvements, and 

5) the stability of yield and yield components in spring and 

winter oilseed rape in response to density and fertility.
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The experimental work carried out in Chapter 2 was designed 

to examine the crop growth behaviour in spring oilseed rape as a 

first step to start the investigation. A survey of growth and dry 

matter and its allocation to different plant parts suggested that 

the development of the crop growth could be considered in three main 

phases (1) Seedling and vegetative phase, is a period of vegetative 

growth, leaf areas reach the maximum.(2) Flowering and early pod 

formation, this phase is of short duration. Anthesis takes place 

in this period and pods are formed. Leaf area and relative growth 

rate, which are at a high rate previously, slow down. (3) Pod 

growth and vipenings he this phase rapid pod growth takes place, 

RGR again becomes high, dry weights continue to increase to near 

maturity. During this stage leaves senesce and die. 

The crop showed a great deal of plasticity and it was a 

remarkable and consistent feature of the experimental work. No 

Significant differences for seed yield per me were found between 

varieties selected from a wide range of backgrounds (Chapter 2), 

This apparently arose due mainly to compensation between two yield 

components, pod number per plant and 1000-seed weight. These 

components changed in such a way that decrease in one was compensated 

for by increase in the other and was thus responsible for lack of 

seed yield differences. The same result was indicated by high 

negative correlations between pod number per plant and 1000-seed 

weight. As nutrient supply in the experiments was low, it was not 

clear whether the compensation was due to low nutrients or for 

assimilates needs fluctuating in an oscillatory manner. 

Genetic variation and the mode of inheritance of seed yield 

and its components is of fundamental importance for selection and
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breeding of desired genotypes. Diallel analysis tests in diallel 

1 and 2 showed additive-dominance model to be inadequate for the 

presence of reciprocal differences and epistatic effects of the 

genes. Though the additive-dominance model was found adequate for 

pod weight, seed weight, and dry weight per plant data for Brutor 

and Cresus (diallel 3), no additive genetic variation was found and 

the characters were found to be under complete dominance, dominance 

being ambidirectional. (Chapter 3). 

The presence of reciprocal effects in diallel analyses are 

indicated if some individual variation remains in the parental plants 

used. This can arise where several individuals derived from selfing 

one of the parental lines are used in crosses. It was not clear 

whether these results shown were due to the parental lines not 

being highly homozygotes or to phenotypic plasticity in the characters 

examined, 

In situations where epistasis is suspected, the most appropriate 

test to establish its presence is the triple test cross (TTC) or 

North Carolina Model III (NCM III) cross, However, this requires 

extremes of expression of characters in parental lines plus the Fy 

hybrid between such extreme individuals. Clearly one individual 

is unlikely to show extreme expression of more than one chase ey 

and hence in such a situation as here presented, the crossing 

method would have been extremely difficult to carry out. 

Strong directional selection will tend to reduce free additive 

variation, Since this will become fixed. In such circumstances 

the dominance component remains to be detected, It may be that 

more diverse and completely homozygous genotypes should be used 

in the diallel analysis under optimum fertility conditions,
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Fertilizer input and row Spacings are the two main factors 

controlled by the grower and of interest to plant research workers. 

The experiment was designed to investigate the response of six 

variaties of spring oilseed rape to three fertility levels and two 

row spacings in greenhouse (Chapter 4), Again no varietal differences 

were found for seed yield, dry watoht and pod number per plant. 

However, for two yield components, seed number per pod and 1000- 

seed weight significant varietal differences were shown. These 

two components therefore undergo compensation and seem likely to 

have been responsible for the absence of Significant seed yield 

differences between the varieties. Density and densityXsoil fertility 

level interactions for seed yield per plant were Significant and 

Finlay-Wilkinson joint regression analysis was carried out. The 

data showed that Janetski, an old variety, was stable and adapted 

to low fertility environments, whilst Brutor, a newly bred variety 

was much less stable and adapted to high fertility conditions. 

This is similar to the findings of Finlay and Wilkinson in that 

they found Provost adapted to high fertility conditions, had a 

high regression coefficient and had very low yield stability. In 

contrast Bankuti Korai adapted to low fertility conditions had a 

low regression coefficient indicating high stability of yield eee 

environments. Provost gave high yield in best environment: whilst 

Bankuti Korai gave low yield in all environments but performed better 

than rest in poor environment . 

The field experiment examined the performance of spring 

varieties, three fertilizer treatments and two row spacings (Chapter 5). 

The data showed that Orpal had a greater seed yield per plant than
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Erglu and Bronowski due to its having a greater pod number per plant 

and higher seed weight. Seed yield and other plant characters 

were also affected by the environmental factors, fertilizer and 

density. This indicated that both density and fertilizer levels 

are important factors which may limit oilseed rape yields. 

The experiment described in Chapter 6, was carried out in order 

to assessthe response of winter varieties to the soil fertility 

levels and two densities. It was surprising to again find no 

Significant differences due to varieties between Jet Neuf and 

Nevin, particularly since Jet Neuf has been bred for high seed 

production. It is possible that late sowing and drought conditions 

at anthesis were responsible for lack of variation in seed yield. 

After observing a great deal of plasticity for seed yield and 

other characters, in the previous experiments with both spring and 

wintér oilseed rape varieties in both greenhouse and field conditions, 

an experiment was planned to study the dynamic relationship between 

increased space made available during vegetative plant growth by 

thinning plants at fortnightly intervals on the two varieties Orpal 

and Bronowski. Thinning treatments had significant effects on 

seed yield, dry weight and pod number per plant but no effect was 

observed on seed number per pod , and 1000-seed weight. mic 

indicated that during the vegetative period density affects the 

nanber and sizes of leaves formed which determine the number and 

sizes of pods. The density stress after this period results in 

the shedding of flowers and/or pods and reduction in pod size, 

and once the pods became macroscopic they manufacture their 

own assimilates to a greater extent and thus support the seeds
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2.2 Materials and Methods 

Three pairs, one old and one recent, of varieties were compared. 

The six varieties used in this experiment with their country of 

origin and year of release, are given in Table 2.1. The experiment 

was carried out at the University of Liverpool Botanic Gardens, Ness, 

Wirral , Cheshire on soil classified as a fine sand with silt. 

Table 2,1. Origins and years of release of cultivars used in 

the experiment. 

    

Variety ' Country of Origin Year of Release 

Nugget Canada 1961 

Tower Canada 1974 

Cresus France 1964 

Brutor : France 1978 

Zollerngold West Germany 1952 

Erglu | West Germany 1969 

The experiment was laid out in a randomized complete block design 

with four replications, Seed was hand sown in hills, 1 cm deep and 

2.5 cm apart, in rows which were 45 cm apart. Each row was 90 ecm 

long. There was a total of four rows per variety. Three to four 

seeds were sown per hill to ensure the survival of one plant per hill, 

A basic fertiliser (0 N24" 05:2h°K,0) was applied before sowing at 

a rate of 120 Kg hee Nitrochalk (264 N) was given in two doses: 

2 with the basic dressing before sowing, and 70 Kg ha as 90 Kg ha” 

a top dressing applied just before anthesis. Sowing was carried out 

on 22.24.80. 

Hand watering of the plots was carried out to encourage germination 

and growth as April and May were very dry months in 1980 at Ness,
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withih them. The data indicated that if density stress is 

relaxed after the plant reaches the post-vegetative phase, no 

improvement in individual plant performance are found. However, 

if the space is provided by thinning before that period the extra 

resources are used effectively and seed yield per unit area can be 

compensated to a larger extent due to an increase’. in mean seed 

yield per plant. 

Tarouehout this series of experiments, the ai vedse rape crop 

showed a great deal of plasticity in all the characters, The 

relationship between yield and its components in the experiment 

also varied suggesting strong environmental influences. Component 

compensation was also observed which was mainly responsible for 

this plasticity. Thus selection for high seed yield is likely to 

be very difficult in a crop like this and manipulation of the 

different yield components by selection would have to be carried 

out with considerable caution. 

In such a situation and at this stage in the development of 

the crop it is probably desirable to keep as the objective of plant 

breeding programmes the isolation of lines which have an optimum 

combination of yield components, rather than an extreme expression 

of one or other components, 

Thus the work has provided useful information and useful 

experience in many ways about the oilseed rape crop. It has 

indicated that the crop presents a number of challenging problems 

which have intricate inter-relationships, Attempts to solve them 

will involve a knowledge of several diverse fields - physiology, 

genetics, plant breeding, agronomy and statistics. The position 

of oilseed rape as a crop which is a valuable source of vegetable
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oil and protein for animal feed satel to have become established. 

This position needs to be maintained and improvements can be 

brought about only by breeding higher yielding, more disease 

resistant, and better quality varieties adapted to wide range 

of environments. This will involve effort in several fields, 

There is great scope for work on this crop, which needs more 

extensive studies to provide the plant breeder with conclusive 

information about yield and yield components and their stability.
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total rainfall being 2.1 mm for April, 41.5 mm for May, of which 

18 mm fell on May 31st. (Monthly climatic data for April 1979 to 

September 1980 are given in Appendix 1, page 188), When germination 

was complete plants were thinned to one plant per hill keeping plant 

to plant distance at 2.5 cm. Where there was no germination plants 

were carefully transplanted from spares, also sown on 22.4.80 to 

fill the gap. Irrigation was continued until che ond of May after 

which regular rainfall allowed good plant establishment. Hand 

weeding was done three times during the growth season. Basudin 56 

(Diazinon) pesticide was applied for the control of cabbage root fly 

(Erioischae brassicae) twice. The first application was made when 

germination was complete and the second 6 weeks later. Soon after 

pod formation, the whole area of the experiment was covered with 

3 cm plastic netting on poles of 2.5 m high in order to prevent bird 

damage o 

‘genet harvests were taken during the experiment. Harvest 1 was 

taken four weeks after germination, harvests 2 to 6 were taken at 

two weeks intervals and harvest 7 at maturity after a further four 

weeks growth. The harvests were denoted W4, W6, WS ... and W18, 

indicating weeks after germination. A 45 cm long sample of row 

containing 18 plants was taken at each harvest except for the final 

one (18) which was 90 cm long and contained 36 plants. 

The procedure followed for each group of plants at each harvest 

was as follows. The plants in the sample end separated into their 

component parts - stem, living leaves (less than 50% senesced), flowers, 

flowering branches or inflorescences (main and axillary inflorescence 

without pods) and pods. No attempt was made to recover roots. Leaf area was
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Variance ratios and significance of differences from analyses of 
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variance for different plant characters at different harvests during 

the experiment for six varieties of spring Brassica napus L.(Chapter 2) 
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0.83 3267" 

0.52 1.22 
1.99 12.11*** 

0.48 0.65 
Lev? 11.12*** 

0.42 0.93 
1.81 2.69 

0.32 2030** 
2.90* 0. ° 

1.60 2.91 
26.,66*** 6.73** 

0.36 e9D 
267k 20.06* ** 

0.55 2.04 
0.60 0.72 

1.99 - 
5.06 = 

Oods 0.77 
1.30 1.10 

0.99 2.45 
0.70 0.84 

0.74 2.36 

0.53 0.70 

2.45 & 
1.49 oe 

Contd...
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Weeks after germination 

Item at ht. 6 8 10 12 14 18 

  

Leaf Area Ratio (LAR) 

Blocks 3 1407 1416 0.00,yy Oc89 uy4 2078, 4, 3260 “ 
Variety 5 0.83 1.01 9,45 8.56 22.59 Te? - 
Error AES) 

Relative Growth Rate (RGR) 

Blocks 3 1.06 0.95 0.85 0.39 1.08 173 
Variety 5 0.31 0.23% 1.09 1.48 1.65 0.30 
Error LS 

Net Assimilation Rate 

  

Blocks 3 1.11 1.40 0.56 0.33 2.73 
Variety 5 0.24% 0.73 1.04 1.50 3.06* - 
Error LS 

Appendix 5 

Variance ratios and significance of differences from analyses of 

variance for different plant characters at maturity for six varieties 
we RN 

of spring Brassica napus (Chapter 2). 

Item df Character 

Seed yt. Pod ng. Seed noe. | 1000-seed Harvest 
per m perm per pod weight index 

Blocks 3 1.57 1.95 0.40 2.92 ~ 0.09 

Variety 5 0.60 3.76" L605 20.29*** : 0.92 

Error 15 
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Avnendix 8 

Means for data Chapter 5 

8.1 Mean top dry weight per plant (g) for three oilseed rape 

varieties at three fertilizer levels and two row spacings 

harvested during the experiment. 

Hy (6 weeks after germination) 
eee 

Fertilizer Bronowski. Erglu Orpal 

ever 2.5cm 15em 7.5em 15¢m 7.5em 15¢m BO ee ne a Py Te oe 

low 1.12 2.41 1.66 2.06 2.46 1.78 

medium 2637 = els 1.57 2.57 2.60 1.73 

high 2033 2.72 1.85 2.08 2.68 2043 
—————— eee 

H, (8 weeks after germination) 
eee 

Fertilizer Bronowski Erglu Orpal 
level * 7.5em ren 7.5em 15¢em 7.5cm 15cm NE 

pre irene nsnaespsmens 

Low 2.64 2074 PAO. 4.22 5032 3.98 

medium ° 2.80 547 2.38 Aas 3.9 3037 

high 3.55 Seal 3.19 6.22 3.12 4.68 
et 

H,, (10 weeks after germination) 
rr ia 

Fertilizer Bronowski Erglu Orpal 
level 75cm 15¢em 7.5cm 15cm 7o>cm 15cm 

ee 

low 3.05 4.68 4.88 6.51 5.87 6.84 

medium 540 Vest: 425 5.76 5.% 6.25 

high 5.86 9-73 5269 9.04 7005 9009 oe ea eeeeeeeeSSSSssseseFsesF



Ly 

measured on a Hayashi Denko leaf area scanner. Plant parts were 

then dried in an oven at 38°C for seven days and weighed. The final 

harvest was taken when the stem and pods had reached maturity but not 

all the pods had ripened, so as to avoid excessive shattering and 

seed loss, At the final harvest pod number was counted and seed 

number per pod was estimated from a random sample of 40 intact pods 

threshed by hand and the number of seeds counted using an electron 

seed counter in the Department of Plant Biology, University College 

of North Wales, Bangor. One thousand seed weight was calculated from 

this sample of seeds. The remaining pods were threshed on a thresher 

designed for small grain crops at the Plant Breeding Institute, 

Cambridge and seed weighed. Total seed yield was obtained by adding 

these two values. Total top plant dry weight was determined by 

summing all the dry matter components recorded at each harvest. 

Because of the impossibility of adequately removing root material 

in extensive field (and greenhouse) experiments data for roots has 

not been obtained. Therefore top dry weight per plant has been used 

in place of total dry weight per plant throughout the thesis. 

Each plot was 0.209 ae in area, but all the data were converted 

to per ae to facilitate interpretation. 

Measurements of recorded variates, leaf area (AL), leaf weight 

(WL) and top plant dry weight (W) during the growth period were 

used to calculate the following morphological and growth parameters, 

after Radford (1967), and as used by Thurling (1974a). 

The Mean Relative Growth Rate (RGR) of a plant at an instant 

in time (t) is defined as 'the average increase of plant material 

per unit of material present per unit of time', and was calculated 

by the formula



Hy, (12 weeks after germination) 

200 

a 

Fertilizer 

level 

low 

medium 

high 

Bronowski 

7eDcm 15cm 

4.02 2.33 

4,90 8.97 

7A5 9.09 

Erglu 

75cm 15cm 

3.40 6.35 

5.60 5.02 

6.06 10.72 

He (14 weeks after germination, at maturity) 

nn 

Fertilizer 

level 

low 

medium 

high 

Bronowski 

7.5cm > 15cm 

4.36 5.80 

5662 7056 

5.2% 8.34 

Erglu 

725cm 15cm 

5.76 55 

5674 TeDt 

6.96 8.40 

Orpal 

75cm 15cm 

4.99 8.12 

3-53 Vesa 

5.36 12.52 

Orpal 

75cm 15cm 

4.O1 6.82 

6.46 747 

6.04 9.64
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8.2 Mean leaf weight per plant (¢) for three oilseed rape varieties 

at three fertilizer levels and two row spacings harvested 

during the experiment, 

Hy (6 weeks after germination) 

eee 

Fertilizer Bronowski Erglu Orpal 

devel 75cm 15cm 75cm 1l5cm 7e5cm 15cm 

low 0.45 1.29 0.45 0.69 0.93 0.56 

medium 0.91 1.03 0.58 0.99 Teal 0.55 

high 0.89 1.26 0.47 1.05 1.07 0.83 

H, (8 weeks after germination) 
a a ele 

Fertilizer Bronowski Erglu Orpal 
level 

75cm 15cm 7eDcm 15cm 75cm 15cm 

low _ 0.46 0.53 0.19 0.51 0.40 0.37 

medium 0.39 0.72 0.31 0.59 0.54 0.49 

high 0.68 Led 0.38 0075 0.52 Os7'3: 
eee 

H (10 weeks after germination) 
reer 

Fertilizer Bronowski Erglu Orpal 
level 

75cm L5em epeMm 15cm 75cm _ 15cm 

low 0.20 0.31 0.06 0.09 0.23 0.10 

medium 0.33 0.46 0.18 0.30 0.30 0.35 

high 0.22 0.46 0.22 O41 O44 0.42 

  

rr
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8.3 Mean stem weight per plant (g) for three oilseed rape varieties 

at three fertilizer levels and two row spacings harvested 

during the experiment. 

Hy (6 weeks after germination) 

ne 

Fertilizer Bronowski Erglu Orpal eee 
level 7-5cem 15cm 7.5cm 15cm 7.5cem 15cm 

eee 

low 0.54 0.94 » 0.93 1.09 1.24 0.95 

medium 1.08 1.15 Oo71 1.20 0.88 1.00 

high 1.05 1,22 0.96 1.42 1.27 1.26 _— 

H5 (8 weeks after germination) 
ee 

Fertilizer Bronowski Erglu Orpal 
level a 

75cm 15cm 75cm 15cm 75cm 15cem 

low | 1.04 1517 0.75 1.69 1.23 1.66 

medium 1.03 1.93 1.07 1.76 1.41 1.40 

high Mei 1.77 Lo dié 2585 1.30 1.93 
ee 

He (10 weeks after germination) 
eee 

Fertilizer Bronowski Erglu Orpa level = 
7.5cem 15¢em 75cm 15cm 75cm 15cm 

low 0.78 1.28 13 1.81 1.81 1.86 

medium 1.23 2.14 15 1.42 1.60 1.60 

high 1.66 Lele Leo 1.99 LeD7 eso 
eee
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Hy (12 weeks after germination) 

SL pe 

      

Fertilizer Bronowski Erglu Orpal 

fone’ 25cm 15em 2.5em 15¢m 7.5em 15¢em 

low 0.98 1.16 Led 1.31 1.36 1.76 

medium Le 4d 2.13 1.31 1.57 1.76 1,57 

high 1.55 1.82 1.13 1.% 1.78 2.33 

  

H,, (14 weeks after germination, at maturity) 

      

Fertilizer Bronowski Erglu Orpal 
level = 

75cm 15cm 7.5cm 15cm 7o5cm 15cm 

low ales 1.49 1.48 1.46 1.47 Led 

medium eal gto 1.80 1.27 1.79 1.59 1.68 

high 1.58 1.43 1.42 1.80 debe 1.99 

-__ eee
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8.4 Mean inflorescence weight per plant (g) for three oilseed 

rape varieties at three fertilizer levels and two row Spacings 

harvested during the experiment. 

Hy (6 weeks after germination) 
SSeS 

Rertidi cer Bronowski Erglu Orpal 

level 705cem 15cm 7ooCm 15cm 7o5cm L5cm 

low 0.12 0.18 0527 0.28 0.29 0.27 

medium 0.38 0.39 0.28 0.38 0.21 O.17 

high 0.38 0.23 0.41 0.60 0.53 0.3 
ee 

H5 (8 weeks after germination) 
ee 

Fertilizer — Bronowski Erglu Orpal 
level 75cm 15cm 7o>ocm 15cm 7.5cm 15cm See ee 

low 1-13 1.03 1.06 2.01 1.68 1.94 

median 1.38 2,82 0.99 2,10 1.94 1.49 

high 1270 2.20 1.62 3033 1.29 2.01 
a ce ae a eNO tt: Soren 

H, (10 weeks after germination) a 
Bronowski Erglu Orpal 

Fertilizer iL. sls. rere 
level 7.5cem L5cm 7.5cem 15cm 7 05cm L5cm 

ene 

low 2.06 3.09 3,64 h61 3.83 - 4.87 

medium 5605 4.97 342 4.03 4.05 430 

high 3.98 el 4.16 6.63 5.03 6.61 
Sn ee 

1 

Hy, (12 weeks after germination) 
em ee 

Fertilizer Bronowski Erglu Orpal 

level 75cm 15cm Vepem 15cm 7o5cm 15cm 
ee 

Low 3.04 1.16 2639 5.01 3.63 6.36 

medium 348 6,84 4.29 3.45 1.76 5075 

high 5.87 Veet 4.93 8.75 3458 . 9.19 
_ eee 

 



He. (14 weeks after germination, at maturity) 

  

Fertilizer 

level 

low 

medium 

high 

Bronowski 

7.5cm 15cm 

Deed 431 

419 5.76 

4.38 6.91 

Brglu 

7.5cem 

27 

449 

Be 54 

15cm 

3067 

5097 

6.60 

205 

Orpal 

75cm 15cm 

Bolt 5.29 

4 86 5.78 

451 7.65
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8.5 Mean plant height (cm) for three oilseed rape varieties at 

three fertilizer levels and two row spacings harvested during 

the experiment. 

Hy (6 weeks after germination) SE ee ee ee ee a ee ee 
Fertilizer Bronowski Erglu Orpal 

level 7¢5cm 15cm 75cm 15cm 75cm 15cm mae i ir ee 

low AY SL 53.27 64 4b 56.49 54.91 57-29 

medium 56.43 56.45 48.12 63.08 38.94 58.13 

high 54.89 57.47 63.29 65.38 53.58 60.18 
ner perenne 

H, (8 weeks after germination) 

      

Fertilizer Bronowski Erglu Orpal 

7 edcm 15cm 7e5cm 15cm 7.5cem 15cm 

low 79.36 76.43 69.94 84.60 71.19 83.70 

medium 81.26 9.86 78,82 88.49 76.87 80.20 

high 77 052 95.64 81.76 GeetD “77679 83.83 

  

He (10 weeks after germination) 

    

rapeilices Bronowski Erglu Orpal i: 

level 7e5cm 15cm Leoen 15cm 75cm 15cm 

low 68.64 77.54 78.9 90.68 79.74 84.00 

medium 81.92 99259 F9ei2 80.14 76.80 76.18 

high 91.64 98.23 84.05 86.39 79.24 87.56 

  

Hy (12 weeks after germination) 

  

Hertitiser Bronowski Erglu Orpal 

level 75cm 15cm 7.5cm 15cm 7.5cm 15cm 

low 69.36 75095 87742 81.87 73.02 85.88 

medium 86.81 98.09 85.79 82.73 81.22 83032 

high 85.05 ~ 94.45 = 77.00 88.78 80.51 . 89.20 
LL
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He (14 weeks after germination, at maturity) 

  

Fertilizer Bronowski 
level 750m Toon 

Low 78.10 83.45 

medium 85.72 96.78 

nigh 91.30  %.9% 

Erglu Orpal 

7o05cm 15cm 75cm 15em 

80.26 87.63 81.55 89.95 

79085 87.20 74.81 90.69 

8341 85.18 84.26 91.06 
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8.6 Table of mean seed yield per plant and its components at 

maturity for three oilseed rape varieties at three fertilizer 

levels and two row spacing. 

8.6.1 Seed weight per plant (g) 
ean eae eee EN ae ee Doe oe! es os ial 

Fertilizer Bronowski Erglu Orpal 

tevel 750m T5em 75cm 15cm 75cm 15cm 
pac aie nr ene I ee eee 

‘low 2.37 2.95 2.56 2.49 PeBD 3049 

medium 2.77 3.38 2.81 Bed>° 3 e27 3.83 

high 2.83 428 3,42 4.36 346 4 83 

  

8.6.2 Pod number per plant 

    

Fertilizer Bronowski | Erglu Orpal 

Tevet 7.5cem 15cm ‘7eocm 15cm 705cem 15cm 

low 34.75 45.10 44.75 ~ 42,05 35-00 50075 

medium 41.05 55.05 49.10 58.85 47.20 58.10 

high 42.00 63.65 55.260 69.80 45.90 68.90 

  

8.6.3 Seed number per pod 
re CO ee ee i ee ee ee 

  

Fertilizer Bronowski Erglu Orpal 

teve ey 750m 15cm 7.5¢em 15cm 7.5em  ~ 15em 

low 27.18 26.09 21.48 21.64 20.91 19.40 

medium 26.32 22.88 22.59 24.01 20.43 18.92 

high 25.90 23.91 21.40 22.94 18.42 20.92 

8.6.4 1000-seed weight (g) 

    

Fertilizer Bronowski Erglu Orpal 
level “?.5em  isem  Ye5em  i5em YeSem. 15em 

low 2.64" 2.50 2.83 2.89 373 3.94 

medium 2.66 | 2,82 2.67 2n77 4.05. 3.67 

_high 2.63 2.62 2.94 2.92 4.37 3.66
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8.6.5 Seed weight per pod (mg) 
eee 

Fertilizer Bronowski Erglu Orpal 
level 75cm 15cm 75cm 15cm 7e5cm 15cm 

low 70.45 66.70 59.60 60.55 7760 75.80 

medium 71.55 66.45 59675 66.15 76.60 67.70 

high 71.40 62.80 63.80 64.70 81.45 73015 

8.6.6 Dry weight per pod (mg) 
eee 

Fertilizer Bronowski Erglu Orpal 

Level 7o>cm 15cm 7epem 15cm 75cm 15cm 

low 136.80 131.45 124.40 116.60 144,20 141.55 

medium 138.10 129.50 120.80 125.60 140.15 128.20 

high 140.60 129.70 120.65 115.85 147.95 133.65 

8.6.7 Hull weight per pod (mg) fs 

Fertilizer Bronowski Erglu Orpal 

nave t Ao Bem 15cm 7o5CM 15cm 7 o5em 15cm 

Low 66.35 64.75 54.80 56.05 66.60 65.75 

medium 66.55 63.05 61.05 59.45 63.55 60.50 

nee 69.20 66.9 56.85 5115 66.50 60.50 

8.6.8. Harvest index 
i 

a Bronowski Erglu Orpal Fertilizer ©§ ————— eG Opal 
levél 7.5em 15¢em 7.5em 15cm 7.5em 15cm 

eee 

low 0.54 0.51 O45 0.48 0.52 0.55 

medium O49 O45 . O49 O48 0.50 0.51 

high O47 Oe dl: 0.49 0.52 On37 0.50 —————  eeeeeeSSSSSSSSSSSS 
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RGR = (log, W2 - log, W1) / (t, = t) 

where RGR is Mean Relative Growth Rate 

log, W1 and log, W2 are log, of total plant weight at 

time ty and ts respectively. 

t, - ty interval (days) between two harvests. 

The mean Net Assimilation Rate (NAR) of a plant at an instant 

in time (t) is defined as 'the average increase of plant material 

per unit of assimilatory material (usually leaves) per unit of time', 

and was calculated by the formula 

se 
(w2-W1) . (log, AL2 - log, AL1) 

NAR GC CL. oO pp 

(a2 - All) t ~ €,) 

where NAR is Mean Net Assimilation Rate 

W1, W2; ALL, AL2; log. AL1, log ALe are total plant dry weights 
e e ‘ 

leaf areas, log of leaf areas at time t, and t. respectively. 
e 1 2 P 

a 

ie Area Ratio (LAR) of plant at an instant in time (t) is 

defined as "the ratio of assimilatory material per unit of plant 

material present', and was, at every harvest, calculated by the 

formula 

LAR = AL/W 

The Leaf Area Index (LAI) was expressed in terms of total leaf 

area (om) per eines centimeter of land surface. | 

Harvest Index is the ratio of an economic product to total 

biological yield and was obtained by dividing seed weight by total 

top plant dry weight. 

An analysis of variance was carried out for each variable 

at each harvest. Simple correlation coefficients were calculated 

between characters at maturity.
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Appendix 9 

Means for data Chapter 6 

9.1 Mean top dry weight per plant (g) for B. napus cv. Jet Neuf 

and Nevin at eN fertilizer levels with 2 row spacings harvested 

during the experiment. 

Hy (25.3080) 

              

Jet Neuf Nevin 
Row T =I 
spacin No N 55 Kg N ha No N 55 Kg N ha 

75cm 0.20 COeeg 0.20 0.14 

15 cm 0.26 0.26 0.17 0.23 

H, (14.4.80) 

Jet Neuf Nevin 
Row -T <1 
spacing No N 55 Kg N ha No N 55 Kg N ha 

7.5¢cm 0.26 0.65 06355 O45 

15 cm 0.44 0.96 0.32 0.78 

6.5080 Hy (6.5.80) 

Jet Neuf Nevin 
Row =T =I 

spacing No N 55 Kg N ha No N 55 Kg N ha 

7.5cem 0.69 2.01 0.68 1.67 

15 cm 1.26 Aue 0.75 1.10 

  

H, (27.5280) 

Row Jet Neuf Nevin 

spacing = No N 55 Kg N ha No N 55 Kg N ha 
en Oe en eee the we ee 

75cm en? 2.45 ~ 1.28 1.56 

15 cm 1.91 4.59 1.48 2015 

 



aii 

H. (17.6.80) 
Z 
rr es ie  e 

Row spacing Jet Neuf Nevin 
eg 

-1 -1 No N 55 Kg N ha No N 55 Ke N ha 
a 

75cm 1.60 3.89 2653 2.81 

15cm 2 5.69 1.70 . 4.04 
eee 

He (30.7.80, at maturity) 
a age ee 

Row spacing Jet Neuf Nevin 
a ee 

NoN 55 Kg N ha NoN 55 KeN hav 
eee 

7Fe5cm 1.63 Deed 2657 3.38 

15cm 2635 4.55 2.64 Lg 
ee 

9.2 “Mean leaf weight per plant (g) for B. napus cv. Jet Neuf and 

Nevin at 2N fertilizer levels with 2 row spacings harvested 

during the experiment. 

Hy (25.380) 

Row spacing Jet Neuf Nevin ‘ 
a ee 

et a =a 
No N 55 Kg N ha No N 55 Ke N ha 

a ae ee ee ee ee ee 

7.5¢em 0.17 0.26 0.17 — 0.12 

L5cm 0.23 0.23 0.15 0.21 
eae a el ere 

H, (14.4.80) 

      

Row spacing Jet Neuf Nevin 

-L -1 No N 55 Kg N ha No N 55 Ke N ha ag gee cE est Lee ot ee 

7.5cm 0.15 0.40 i 0.29 

15¢em 0.27 0.60 0.19 “0.56 
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H., (6.5.80) 

                            

Row spacing Jet Neuf Nevin 

No N 55 Ke N ha No.N 55 Kg N hay 

75cm 0.12 O42 0.19 O42 

15 cm 0.25 0.35 0.26 0.31 

Hy, (2725280) 

Row spacing Jet Neuf Nevin 

-1 -1 No N 55 Kg N ha No N 55 Kg N ha 

7.5cm 0.05 0.08 0.09 0.09 

15 cm 0.04 Ole Oo11 0.13 

H. (17.6280) 
2 

Row. Spacing Jet Neuf Nevin 

No N 55 Ke N hat No N 55 Kg N hat 

75cm 0.010 0.072 0.031 0.015 

15 om 0.006 0.055 0.011 0.026 

9.3 Mean stem weight per plant (g) for B. napus cv. Jet Neuf-gnd 

Nevin at 2 .N fertilizer levels with 2 row spacings harvested 

during the experiment. 

B 

Row spacing Jet Neuf Nevin 

=i -1 
No N 55 Kg N ha No N 55 Ke N ha 

75cm 0.02 0.03 0.03 0.02 

15 cm 0.03 0.03 0.02 0.02
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2 
me i seine etn 

Row spacing Jet Neuf Nevin 
a Se 

No N 55 Kg N ha No N 55 Kg N ha 
eee 

75cm 0.09 0.22 O11 0.16 

L5cm Ool4 - 0.33 0.09 0.21 
-_-- 

  

io 

Row spacing Jet Neuf Nevin 

NoN _55 Kg N ha NoN 55 Kg N ha™ 
75cm O45 1.32 O45 1.20 

15cm 0.78 1.43 O46 0.73 
ee eeeeSSSSSSSSSSSSSSSSSSSSSeeeeeee 

Hy 
Fe oe ee ee 

Row spacing Jet Neuf Nevin 

aoe a No N 55 Kg Nhat No N 55 Kg N ha 

75cm 0.60 0.95 0.73 0.97 

- 15¢em 0.70 1.72 0.84 1.26 
———————- eo 

  

D a 
SSF 

Row spacing Jet Neuf Nevin... 

No N 55 Ke N ha No N 55 Kg N ha” 
7.5cm 0.57 1.47 1.06 1.38 

150% 0.78 2.00 0.72 2.01 ere a cere eet eee ee Rs BE ee ee ee 

“6D eet eee Ee i eo 
Row spacing Jet Neuf Nevin 

No N 55 Kg N ha? No N 55 Ke N ha” 

7.5em 0.54 1.89 0.93 1.39 

15cm 0.68 1.68 0.91 + 1.57 
_ —-  O—  eeeeeese 

iE 

1 

al 

ite
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9.4 Mean inflorescence branches weight per plant (g) for B. napus 

cv. Jet Neuf and Nevin at 2N fertilizer levels with 2 row spacings 

harvested during the experiment. 

H, (14.4.80) 
eee 

Row spacing Jet Neuf Nevin 
as i ee 

No N 55 Kg N ha No N 55 Kg N ha™ 
eee; 

725cm 0.01 0.02 ; 0.01 0.01 

15em 0.02 0.04 0.04 0.01 tt te se ce ee 

H, (6.5.80) 
3 

nn 
Row spacing Jet Neuf Nevin 

eee 

No N 56. Ke N hav No N 55 Ke N haé 
a 

7-5cem 0.09 0.22 0.04 0.05 

15cm Oal7 0.24 0.03 0.05 
eee 

Hy, (27.5500) 
a a eee ek MAE ee 

Row spacing Jet Neuf Nevin 
or lt ee eee 
NoN 55 Ke N have No N 55 Ke N ha™ 

eae Nae ne nae cea NE Seen 

7.5cm 0.60 0.78 0.26 0.29 

15cm 0.65 Le Si . 0.31 0.45 
—————-—-—_-_—_————————— 

H (17.6.80) 

Row spacing Jet Neuf Nevin 

No N 55 Kg N hawt No N 55 Kg N ha 

75cm 0.135 0.53 0.20 0.25 

15cm 0.19 0.53 0.14 0.38 
. 

  

a 

1 

L



He (30.780) 
a espa ge ena Ey Ro ee oe 

Row spacing Jet Neuf Nevin 
erie a Ee 

No N 55 Ke N ha~+ No N 55 Kg N ha 

7.5cm 0.08 0.39 0.16 0.20 

15¢em 0.15 0.33 0.17 0.30 

    

9.5 Mean flower weight per plant (g) for B. napus cv. Jet Neuf and 

Nevin at 2 N fertilizer levels with 2 row spacings harvested during 

the experiment. 

    

Ho (6.5200) 
3 

Row spacing Jet Neuf Nevin 
oie ee re ee ee ee ne 

No N 55 Ke N hav No N 55 Kg N hay 

750m 0.019 0.045 0.0 0.0 

“15¢em 0.055 0.087 0.0 0.003 

Hy (27.5280) 

      

Row spacing Jet Neuf Nevin 

No N 55 Ke N fa No N 55 Ke N ha 

15em 0.002 0.001 0.036 0.043 
ea eee ee 

9.6 “Mean pod weight per plant (g) for B. napus cv. Jet Neuf and Nevin 

at 2N fertilizer levels with 2 row spacings harvested during the 

experiment. 

Hy (27.5280) 

  

Row spacing Jet Neuf Nevin ra 

No N 55 Ke N hav? No N 55 Kg N ha™ 

7.5em 0.51 0.64 0.17 “0.16 

15 cm 0.52 1.24 0.17 0.26 

1 

i 

1



He (17.6.80) 
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, . Jet Neuf Nevin 
Row spacing 

. y a on] 
No N 55 Ke N ha No N 55 Kg N ha 

75cm 0.89 2.003 1.03 1.17 

15 cm 1.14 3.11 0.82 1.62 

He (30.780) 

Row spacing Jet Neuf Nevin 

No N 55 Ke N na> No N 55 Ke N navi 

75cm 1.01 2.97 1.48 L679 

15 om 1.52 2.54 1.56 2,61 

: -1 -1 
9.7 Mean relative growth rate (mg mg day ") for B. napus cv. Jet 

Neuf and Nevin at 2 N fertilizer levels with 2 row spacings 

harvested during the experiment. 

Hox (Mean RGR during H, and Hy period) 

Row spacing Jet Neuf Nevin 

No N. 55 Kg N hae No N 55 Ke N yar 

7.5cem 0.047 0.055 0.035 0.062 

15 cm 0.052 0.03 0.045 0.017 

Hoy (Mean RGR during A, and Hy), period) 

Row spacing Jet Neuf Nevin 

NoN 55 Kg Nhat NoN 55 Kg N hat 

7.5cm 0.045 0.007 0.027 -0.003 

15 cm 0.020 0.036 0.033 0.030 

Hys (Mean RGR during H, and He, period) 

Row spacing Jet Neuf Nevin 

NoN 55 Kg N ha? NoN 55 Kg N hat 

75cm -0-007 0.025 0.033 0.028 

0.002 0.012 0.008 0.032
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Hee (Mean RGR during He and Hp, maturity) 

Row spacing Jet Neuf Nevin 

NoN _55 Ke N ha7t NoN _55 Ke N hat 

7-5 cm 0.002 0.004 0.003 0.003 

15 cm 0.003 -0.005 0.010 0.003 
a 

9.8 Mean net neaint Iaeioa rate (mg oa day > ) for Be. napus cv. 

Jet Neuf and Nevin at 2 N fertilizer levels with 2 row spacings 

harvested during the experiment. 

Ho (mean NAR during H, and A, period) 

Row spacing . Jet Neuf Nevin 

No N 55 Kg N haW+ No N 55 Ke N ha~? 

75 com 0.744 0.669 0.409 0.688 

15 cm 0.891 0.542 0.519 0.183 

Hoy (mean NAR during He, and Hj, period) 

Row spacing Jet Neuf Nevin 

NoN 55 Kg N hat No N 55 Kg N hac 

7D cm 2.928 0.562 0.805 ~ 0.101 

15_om 1.421 2.327 1.042 "1.120 

Hye (mean NAR during Hy, and He; period) 

Row spacing Jet Neuf Nevin 

: NoN 55 Kg N ha? NoN 55 Kg N hat 

75cm -32950 4853 3.649 5-360 

15 cm 1.694 4,490 1.965 5.521 
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969 Mean leaf area index for B. napus cv. Jet Neuf and Nevin 

at 2N fertilizer levels with 2 row Spacings harvested during 

the experiment. 

eae ee age ed Ja 
Row spacing Jet Neuf Nevin at 

| No WN 55 Kg N hat No N 55 Kg N ha7+ 

7.5em 1.03 59 1.20 0.98 
15em 0.72 0.71 0.53 0.67 _— eS 

He _— eee 

Row spacing | Jet Neuf Nevin 

NoN 55 Ke N ha+ NoN 55 Kg N hat 
75cm Lez 44o 1.69 515 

15cm 0.77 2023 0.72 1.84 
eS 

ieee see es Si pee Meme fate hey 
Row spacing Jet Neuf Nevin 

No N 55 Kg N ha* No N 55 Kg N ha 

75cm 1.06 3.31 1.67 3-91 

15cm 0.92 1.44 1.05 Lo4L 
eee 

Hy, 

Row spacing Jet Neuf Nevin 

NoN 55 Ke N ha NoN 55 Kg N hat 
7.5m 0.51 0.% 0.89 1.05 

15cm 0.20 0.52 0.57 0.70 eS
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H ee Mee amet Oe ee a pee eee areca 
Row spacing Jet Neuf Nevin 

No N 55 Ke Nhat No N 55 Ke N ha7? 

75cm 0.07 0.81 0.41 0.17 

15cm 0.03 0.24 0.07 0.18 re nt oe gee 

9.10 Mean leaf area ratio Com” gry for B. napus cv. Jet Neuf and 

Nevin at 2.N fertilizer levels with two row spacings harvested 

during the experiment. 

Hy 

Row spacing *_Jet Neuf Nevin 

NoN 55 Ke N hav NoN 55 Kg N ha’ 
75cm ~ 140.08 145.9 148.30 171.24 

15cm 137.99 143.85 151.61 145.84 

Bs 

Row spacing Jet Neuf Nevin 

No N 55 Ke N ha~! No N 55 Kg N ha~+ 

75cm 118.89 163.21 121.76 155 064 

15cm 102.07 130.43 114.08 138.13 

Ts 

Row ‘Spacing Jet Neuf Nevin 

: No N 55 Kg N ha7~ No N 55 Kg N ha? 

7.5em 38.13 46.35 64.80 59.19 

15cm 37209 37.63 64,22 56.42



2.5 Results 

Development of the crop can be considered in three more or 

less distinct phases on the basis of dry matter accumulation, (a) 

seedling and vegetative growth, (b) flowering and early pod formation, 

and (c) pod growth and ripening (Allen and Morgan 1975). 

2oFo-l Seedling and Vegetative Growth: This phase extended ero 

germination to the eighth week after germination. In this period there 

is predominantly vegetative growth and development of flowering branches. 

By week 8 flowering had commenced, and leaf area index (LAI, Table 2.8) 

had reached its maximum value. 

2.3.2 Flowering and Early Pod Formation: This was a phase during which 

most of the flowers opened and it lasted for only three weeks from W8 

to W10. Relative growth rate (RGR, Table 2.10) slowed down while leaf 

area index was still high (Table 2.8), though it was also declining. 
ime a 

2.3.5 Pod Growth and Ripening: This was a period of rapid growth of 

the pods and this phase extended from W10 to W18 i.e. maturity. The 

dry weight of the plants increased at a high rate, though leaf area 

index was declining due to senescence and death of leaves. Dry weight 

continued to increase upto maturity (Table 2.2), which was mainly due to 

pod weights (Table 2.7) and seeds in them. 

The allocation of dry matter into different plant parts for 

the six varieties is shown in Fig. 2.1. It is apparent from the 

@iagramns that the general pattern of growth and development in all 

varieties is similar and falls into the pattern described previously. 

The detail of dry matter allocation with different plant parts 

will now be considered. 

Analysis of variance for total plant weight and its components 

during the experiment are given in Appendix 2, page 193,
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Hy, ee Bate Pathe 
Row spacing Jet Neuf Nevin 

No N 55 Ke N hav? No N 55 Kg N ha~t 

7.5cm 6.68 9.63 17.76 16.01 

15cm Sell 5.64 17.10 13.83 Fa nce, ee eo ee 

SH aca tite cal a Se 
Row spacing Jet Neuf Nevin 

No N 55 Ke N hav No N 55 Kg N ha7+ 

7.5em 0.88 5 ohh 433 3350 

15cm 0.68 2.49 1.76 2.08 
ne 

9.11 Table of mean seed yield per plant and its components at 

maturity for B. napus cv. Jet Neuf and Nevin grown at 2 N 

fertilizer levels and 2 row spacings 
ee 

9.11.1 Seed weight per plant (g) 

a a a t 

Row spacing Jet Neuf Nevin 

No N 55 Kg N ha No N 55 Ke N ha? 

75cm 0.60 1.69 0.75 0.91 

15cm 0.% 1.40 0.79 1.33 

    

9.11.2 Pod number per plant 
a ne ee ee ep oe 

Row «spacing Jet Neuf Nevin 

| No N 55 Kg N hav No N 55 Kg N haw? 

75cm 7.98 18.45 14.65 16.85 

15¢m 11.97 17.71 14.29 21.73 
CC
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9.11.5 Seed number per pod 
SSS 

Row spacing Jet Neuf Nevin 

No N 55 Ke N ha? No N 55 Ke N ha7t 

75cm 15.9 17.64 15.24 16.28 

15cm 16.37 15.79 14297 16.27 
oe 

9.11.4 1000-seed weight (g) 
1 ES eT ele ee ee 

Row spacing Jet Neuf Nevin 

No N 55 Kg N ha > No N 5D Kg N ha7t 

75cm 5-36 5291 421 3093 

15em 5.59 5.89 415 4,18 
a
 

9.11.5 Hull weight per plant (g) 
ae USS een a a gee eee eee 

Row spacing Jet Neuf Nevin 

i No N 55 Ke N har No N 55 Ke N han 

7.65em 0.05 0.07 0.05 0.05 

15¢em 0.05 0.06 0.05 0.06 
eee 8 

9.11.6 Harvest index 
Si a a gs I a a 

Row spacing Jet Neuf Nevin 

| NoN _55 Kg N ha7+ NoN 55 Kg N ha 
75cm 0.37 0.32 0.29 0.27 

15¢em 0.37 0.31 0.29 0.30 
ew eee
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These characters are individually considered now. 

Top plant weight per square metre 

The varieties did not differ significantly from one another 

for top dry weight per ne, except at W12, 12 weeks after germination 

(Table 2.2). At W12 Nugget had the highest and Cresus the lowest 

top plant weight per ne Tower, Zollerngold, Brutor and Erglu had 

significantly more dry weight than Cresus, and did not differ 

significantly from one another. This difference was not found in 

later stages (W14 and W18), so there were no significant differences 

between varieties at W14 and at final harvest (W18). 

Leaf weight per square metre 

There were no significant differences between varieties for leaf 

weight per Ne upto W12 ice. 12 weeks after germination (Table 2.3). 

Leaf weights increased to their maximum at W10 after which leaf 

aie: declined reaching zero at the final harvest. Varieties 

differed significantly at W12 (p<0.001) when Zollerngold and Brutor 

had the highest and Tower and Erglu had the lowest leaf weights per ne 

Leaf weight of these latter two varieties being significantly (p<0.05) 

less than that of Brutor, Nugget and Zollerngold. This was. the stage 

when leaves started senescence and there were no significant differences 

at W14 whilst no leaves were left at the final harvest (18). 

Stem weight per square metre 

The varieties did not differ significantly for stem weight per 

Re except at W12 (Table 2.4). At W12 Zollerngold had the highest 

stem weight per m and Tower and Cresus the lowest, the difference 

being significant at p<0.05. Erglu and Brutor, and Brutor and 

Nugget did not differ significantly (p<0.05) from each other nor 

did Nugget and Zollerngold differ significantly from each other.
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fable 2.2. Mean top dry weight (g ar} for six varieties of spring 

oilseed rape harvested during the experiment. 

SSS 

Variety Weeks after germination 
be 6 8 10 12 14 18 

Cresus 50019 239.44 563.58 1185.91 1086.91 c¢ 1894.53 1699.92 

Brutor 5501? 254.44 685.79 886.61 1295.92 be 1525.12 1771.55 

Nugget 44.93 256043 685.40 924.32 1608.09 a 1737.77 2024 4h 

Tower 47.95 251.26 800.91 1131.37 1427.94 ab 1162.85 1587.23 

Zollerngold 42.11 271.55 721.96 1032.60 1422.68 ab 1467.66 1830.74 

Erglu 34.69 243,80 665.50 1273.43 1156.63 be 1513.50 2012.19 
eee 

Varieties do not differ significantly except where columns are lettered. 

Values having the same letter are not significantly different. This is 

followed in all subsequent tables. 

ee 

Table 2.5. Mean leaf weight (g a") for six varieties of spring oilseed 

rape harvested during the experiment. 

—_—_—  ——eeeeSeeSeSSESSSSSSSeSSSSeSSeSSSSSSeS 

Variety Vieeks after germination 
k 6 8 10 12 Me J 38 

Cresus 39.09 128.38 187.09 226.04 66.08 ab 26.94 

Brutor | 42.44 128.62 185.37 122.50 82.21 a Sle Je 

Nugget : 31.10 128.76 176.04 124,27 71S a aod 

Tower 37213 118.19 199.10 136.37 B4.4O b 0.43 

Zollerngold 33.30 144,12 269.54 159.67 9.15 a 22,54 

Erglu 27656 127.33 166.66 158.86 29.57 b 9.23 
I
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At W14 and W18 there were no significant differences between the 

varietieso 

Inflorescence weight per square metre 

Means of inflorescence weight ao are given in Table 2.5. 

Floral bud formation started between W4 and W6 and flowering started 

between W6 and W8 (Table 2.6). ‘Tower started to form flowering branches 

early and produced significantly (p<0.05) more inflorescence at W6 and 

at W8 (p<0.001) than all the other varieties. In all the other | 

varieties, Cresus, Brutor, Nugget, Zollerngold and Erglu, the formation 

of flowering branches began at about the same time and inflorescence branches 

weight a did not differ significantly between varieties from W10 

to the final harvest. 

Flower weight per square metre 

Flowering of varieties started between W6 and W8. No precise 

aotel weds recorded on flowering date but it was observed that Tower 

flowered one week before Erglu, Brutor, Nugget and Cresus, which were 

2-3 days ahead of Zollerngold which was the jast variety to flower. 

Flower weight ne behaved in the same way as did the inflorescence branches 

weight a Being earlier to commence flowering than the others, 

Tower produced a greater number of flowers ae (significant at 

pc0.001) at W8 than all os other varieties. At W10 Nugget and 

Erglu had the highest supitenoads weights (significant at p<0.05) 

and did not differ significantly from each nee All the other 

varieties did not differ significantly from each other. W10 (Fig. 2.1) 

corresponded to the peak of flowering for all six varieties. At 

W12 when flowering was declining there were no significant differences 

between the varieties. No flowers were present at W14 or W18.



Table 2.4. Mean stem weight (g a) for six varieties of spring 

oilseed rape harvested during the experiment. 

ee a 

Variety Weeks after germination 

4 6 8 10 12 14 18 

Cresus 11.10 109.10 354.19 599.80 425.39 d 575.83 441.66 

Brutor 12.73 127.76 473.52 517.88 560.52 be 526.49 493.19 

Nugget 13.83 124.89 451.99 509.17 615.72 ab 515.54 523.19 

Tower - 10.77 127.66 435.48 429.12 416.73 d 305.95 375.72 

Zollerngola 8.80 125.94 413.04 684.40 701.63 a 542.00 541.09 

Erglu 7.08 114.51 448,95 618.80 468.31 cd 538.07 536.93 
er 

Table 2.5. Mean inflorescence weight (g oy for six varieties of 

spring oilseed rape harvested during the experiment. 

i 

Variety - Yeeks after germination 

4 6 8 10 12 14 18 

Cresus 1.96 b 22.20 b 279.54 198.82 328.30 248.01 

Brutor 2e11 b 24.93 b 160.59 200.30 217.67 277.48 

Nugget 2073 b 55022 b 205.61 327.68 310.12 339.26 

Tower Se4l a 146.04a 298.82 274.85 195.27 285.28 

Zollerngold 1.48 b 39.09 b 137.09 205.85 226.47 238.15 

Erglu 1.96 b 48.19 b 354.09 224.85 217.77 311.17



Table 2.6. Mean flower weight (g no for six varieties of spring 

oilseed rape harvested during the experiment. 

    

Variety weeks after germination 

| l 6 8 0 12 14 18 

Cresus 0.16 b 32.23 b 0.76 

Brutor 2el5 b 20.52 b 1.07 

Nugget 2.03 b 32.68 ab 1.75 

Tower 10.735 a 27.01 b 0.04 

Zollerngold 0.16 b 25.62 b 1.38 

Erglu . 1.62 b 51.94 a 0.74 

  

A, 

Table 2.76 Mean pod weight (g ai) for six varieties of spring oilseed 

rape harvested during the experiment. 

    

Variety - Weeks after germination 

b 6 8 10 12 4 18 

Cresus 48.37 be 395.88 ¢ 963.46 ..1010.26 

Brutor 65.11 be 451.85 be 749.67 “1900.88 

Nugget 0.16 b 52.60 be 591.79 ab 904.17 1161.99 

Tower | 9.57 a 240.04 a 701.93 a 663.19 924.76 

Zollerngold 0.10 b 25.78 ¢ 423.63 c 676.64 1051.52 

Erglu 0.12 b 89.68 b 433.22 ¢ 750.47 1164.12 
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ABSTRACT 

Munir, Me Phenotypic and genotypic plasticity for yield and 

yield components in Brassica napuso 

The work described in this thesis was carried out to examine 
patterns of vegetative and reproductive growth in spring and winter 
oilseed rape, and the genetic basis of the differences found in the 
components of yield. 

Partition of dry matter into its components was examined in 3 
old and 3 recent spring oilseed rape varieties. The pattern of growth 

was Similar in all six varieties. They differed however, significantly, 
in pod number per plant and 1000-seed weight indicating the occurrence 
of component compensation, This waS confirmed by correlation studies. 

The inheritance of seed yield and its components was investigated 
using the diallel analysis technique. There was evidence for the 
presence of reciprocal and epistatic effects for most characters. In 
one diallel (Brutor and Cresus ) only dominance effects were detected 
for pod weight, seed weight and dry weight per plant. Component 
compensation was again evident. 

Six varieties of spring oilseed rape were grown in a greenhouse 
experiment at three fertility levels and two densities. Using the 
joint regression technique of Finlay and Wilkinson, Brutor was shown to 
be less stable variety specifically adapted to high yielding environment, 
whilst Janetski had a high stability and is specifically adapted to poor 
environments. 

A field experiment examined vegetative and reproductive growth in 
three varieties of spring oilseed rape at three fertilizer levels and 
two row spacings. Orpal gave a higher yield than Bronowski and Erglu, 
due to its greater seed weight. Fertilizer and row spacing effects 
were also significant, 

Jet Neuf and Nevin, fodder rape, were compared at two nitrogen 
levels and two row spacings. There were no significant differences 
between varieties for seed yield or its components apart from 1000- 
seed weight. Fertilizer effects were significant for pod number and 
seed yield per plant. 

A final experiment examined the effect of changing plant density 
during the growth period by reducing density per plot by half. 
Thinning treatments significantly affected dry weight, seed weight 
and pod number per plant, but seed number per pod, 1000-seed weight 
and harvest index were unaffected. 

Oilseed rape showed a great deal of plasticity in all the 
characters studied and the effect of environment was also marked. 
The data from this work suggests that the concept of an ideotype 
in oilseed rape is likely to be of value in breeding studies.



Pod weight per square metre 

Pod weight a= is given in Table 2.7. Pod formation started 

just before W8 in Nugget, Tower, Zollerngold and Erglu. Among these 

at W8 Tower, being again early in pod formation, had a significantly 

higher pod weight (p<0.05) than the remaining varieties. At W10 

Tower still had the highest pod dry weight value, Zollerngold the 

least whilst the other varieties did not differ significantly from 

each other, At Wle Tower again had the highest pod weight. Cresus, 

Zollerngold and Erglu did not differ significantly from each other 

and produced the lowest pod weight. Brutor and Nugget were inter- 

mediate and did not differ significantly from each other. At w14 

and W18 there were no significant differences between any of the 

varieties. 

Leaf Area Index (LAI) 

‘Leaf area indices.of the varieties during the growth period are 

given in Table 2.8. There were no significant differences between 

the varieties at W4 and W6 whereas at W8 Zollerngold had significantly 

greater LAI (p<0.05) than the remaining five varieties, At W10 

Cresus, Zollerngold and Erglu did not differ significantly from one 

another and had higher LAI than Brutor, Nugget and Tower all of 

which did not differ significantly from one another. At W12 

Zollerngold had the highest LAI value which was significantly greater 

(p<0.05) than the remaining five varieties. Tower and Erglu had the 

lowest LAI values, significantly less than those of Brutor, Nugget 

and Cresus (p<0.05). Near W14 LAI was declining rapidly due to leaf 

senescence and death, and no differences were found between the varieties 

at W14.



Table 2.8. 

          

Mean Leaf Area Index (LAI) for six varieties of spring 

oilseed rape harvested during the experiment. 

Variety Weeks after germination 

4 6 8 10 12 14 18 

Cresus 0.98 3.00 4.71 b ‘5.36.8 1.54 b 0.62 

Brutor bela: 4.00 4,87 b 2.85 b 1.86 b 0.72 

Nugget 115 4.32 4.32 bd 2.88b 1.66b 0.27 

Tower Delt 4.30 4.68 b 2.98 b 0.76 c¢ 0.33 

Zollerngold 0.98 4.89 7.54 a %4A2ab 2.37 a 0.59 

Erglu 0.75 3.99. 3.92b 3.8lab 0.63c¢ 0.19 

Table 2.9% Mean Leaf Area Ratio (LAR) for six varieties of spring 

oilseed rape harvested during the experiment. 

Variety Weeks after germination 

h 6 8 10 12 14 18 

Cresus 197.40 4162.72 88.35 b 45.81a 4.47 a 3.09 

Brutor 209.22 156.35 71.88 c 32.68b l441la 4.19" 

Nugget 290.09 169.56 64.04 bc 30.92 b 10.27 b 1.66 

Tower - 238.25 173.28 58.52¢ 26.18 b 5.55 ¢ 2.73 

Zollerngola 232.13 182.48 103.69 a 41.65a 16.64 a 4.69 

Erglu 214.98 167.63 60.% c 31.19 6 549 ¢ Ls2e 

2h



25 

Leaf Area Ratio (LAR) 

The varieties did not differ for LAR at W4 and W6 (Table 2.9). 

At W8 Zollerngold had significantly (p<0.05) higher LAR than Cresus 

and Nugget which did not differ significantly from one another and 

had significantly higher LAR than Brutor, Erglu and Tower, which 

again did not differ significantly from one another. At W10 Cresus 

and Zollerngold had significantly (p<0.05) higher LAR than Brutor, 

Erglu, Nugget and Tower. At Wl12 Zollerngold, Cresus and Brutor had 

significantly (p<0.05) higher LAR than Nugget which in turn hada 

significantly (p.<0.05) higher LAR than Tower and Erglu. At W14 

there were no significant differences and at W18 LAR had declined to 

zero due to progressive leaf senescence and death from W10 onwards. 

Relative Growth Rate (RGR) and Net Assimilation Rate (NAR) 

Means of RGR are given in Table 2.10. RGR was at a maximum as 

expacted at the earlier phase of growth, W4-W6. Thereafter it declined 

steadily reaching almost zero at W14-W18, There were no significant 

differences for RGR between varieties.throughout their period of growth. 

No significant differences were found between varieties in their 

NAR values during the whole period (Table 2.11). Although substantial 

differences were found within and between varieties, none of them were 

found to be significant. 

Seed Yield and Yield Components at Maturity (18) 

Data for seed yield o, harvest index, number of pods a, 

number of seeds per pod and 1000-seed weight are given in Table 2.12 

and their analyses of variance are shown in Appendix 3, page 190 . 

There were no significant differences between varieties for seed 

yield ae harvest index, and number of seeds per pod. Varieties 

differed significantly from one another only for two yield components,
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Table 2.10. Mean Relative Growth Rate (g em day for six 

varieties of spring oilseed rape harvested during the 

    

experiment. 

Variety Weeks after germination 

4 6 8 10 12 14 18 

Cresus 0.112 0.063 0.051 -0.004 0.031 0.0001 

Brutor 0.114 0.068 0.019 0.028 0.008 0.006 

Nugget 0.127 0.076 0.023 0.040 0.003 0.006 

Tower 0.120 0.084 0.023 0.018 -0.016 0.012 

Zollerngold 0.132’ 0.071 0.024 0.026 -0.003 0.010 

Erglu 0.140 - 0.073 0.046 0.005 0.019 0.011 

  

Table 2.11. Mean Net Assimilation Rate (g gre day”) for six varieties 

of spring oilseed rape harvested during the experiment. 

  

Variety Weeks after germination 

4 6 8 10 12 1A 18 

Cresus 6655. “5.7% 8.71 -0.49 45027 : 

Brutor 6.56 6.79 3091 12.50 7039 

Nugget 6.39 8.06 4.79 Pooks 17.58 

Tower ", 6.19 8.92 5.85 17.76 -66.01 

Zollerngold 6.72 542 3.88 10.63 Zo43 

Erglu 7305 7256 10.9 —4.96 64.74 

   



Table a ° 12 ° 

Variety 

Mean seed yield (g m~ =. number of pods m_ 
a 

» number 

of seeds per pod, 1000-seed weight and harvest index 
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for six varieties of spring oilseed rape at maturity (W18). 

Seed yield oleae _3f pods Number of 

g§ m Seeds per pod seed weight 

LOOO- 

o 

Harvest 

index 

ea a pe meee ese es ey eee ea ep SN 

Cresus 

Brutor 

Nugget 

Tower 

Zollerngold 

Erglu 

Table 2.13. 

Variety 

Dry wt. ne 

Seed wt. m 

Pod number m_ 

4.96.68 

503.21 

563.00 

4ohk.52 

510.12 - 

541.72 

6297.06 c 23079 

7004.04 be 22,88 

10102.30 a 25.61 

7178.70 be 22.16 

79950735 ab 21.67 

9183.61 a 25.20 

oD a 

352 a 

2.65 0 

3.21 ab 

3027 ab 

2.80 be 

Correlation coefficients (r) between yield and yield 

0.28 

0.27 

O27 

0.25 

components at maturity for six varieties of spring oilseed 

rape. 

Seed weight Number of pods Number of 

-2 
m 

ced 

0.996 

Seed number per 

pod 

1000-seed wt. 

* P< 0.05; ** P<0.01; 

-2 
m 

0.86 

* & 

0.81 

Oe 

seeds per pod 

0.59. * 

eK 

0.63 

0.43" 

*** DP —0.001. 

This notation is followed throughout the remainder of 

1OO00- 

seed weight 

-0.46- 

-0035 
* eK 

-0.77 

-0.28 

the thesis. 

Harvest 

index 

. 0) 02 

© 9.23 

-0.06 

0.22 

0.33
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number of pods ane (p<0.05) and 1000-seed weight (p<0.001). Nugget 

produced the highest number of pods ie followed by Erglu, Zollerngold, 

Tower, Brutor and Cresus. Nugget and Erglu did not differ significantly 

from each other and produced a significantly (p<0.05) greater number 

of pods oo than Cresus. Cresus produced fewer pods than Brutor, 

Tower and Zollerngold all of which did not differ significantly from 

one another. 

For 1000-seed wieght the order of ranking was Cresus > Brutor> 

Tower> Zollerngold> Erglu> Nugget. 

Correlation Studies 

Correlation coefficients among seed yield per n, top plant 

dry weight ao. pod number ao and seed number per pod (Table 2.13) 

were all positive and significant (at p<0.001 except correlation 

air 

mo and seed number per pod which was significant at p<0O.01 and 

p<0.05 respediively) « Correlations between 1000-seed weight and all 

other characters except harvest index, which was positive and non- 

significant, were negative. These negative correlations of 1000-seed 

weight were een Fieehh with dry weight per ane (p<0.05) and highly 

significant with pod number per mom (p<0.001). None of the 

correlations of harvest index with any other character was significant. 

2.4 Discussion 

Plant growth, divided into three stages, was similar to the 

model proposed by Allen and Morgan (1975). There were however 

differences in the duration of each stage. The seedling and vegetative 

growth stage extended one week more, flowering and pod formation 

lasted one week less and pod growth and ripening stage lasted two
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more weeks than that of Allen and Morgan (1975). Such variations 

may simply be a reflection of environmental variations. 

Leaf area at anthesis is the major determinant of yield in 

oilseed rape (Allen and Morgan 1975) and differences in LAI 

during development upto and including anthesis may reflect potentia 
! ~ } £ ‘ 

heer, of cet a hee gt 

yield differences. Zollerngold in this experiment had higher LAT 

from W8 to W12 and it might be expected therefore that Zollerngold 

would have a high seed yield. However it did not show a clear seed 

yield superiority over the other varieties. 

Leaf weight to LAI ratio in Zollerngold at W8 was smaller than 

any other variety, indicating that it had thin leaves, In contrast 

it had the id Ghost idee area to total dry weight ratio ice. LAR 

from W6 to W14 (Table 2.9). Both these factors suggest that in 

Zollerngold this high leaf area could not be used to an advantage 

by this variety. Probably it resulted in shading of the lower 

leaves thus making them less photosynthetically efficient which 

is clearly shown from the fact that lent weights in Zollerngold 

declined more quickly than in the other varieties between w8 and W10 

when it was tie highest. ‘Other varieties however generally hada 

lower leaf area thus reducing the possibility of mutual shading 

within the canopy and rendering it therefore more efficient. 

Another plant character of major importance in detordivine seed 

yield, is pod weight, since this reflects pod area and hence the 

shotbgyhthadic potential of the plant during seed development. Pods 

are considered able to support themselves and the seeds in them 

almost entirely after they become macroscopic and until maturity. At 

the time when Zollerngold had higher leaf area indices (W8-W12) it 

had lowest pod weight suggesting that the fall in leaf area in the 

J 
other varieties was being compensated by their increased pod areas.



It is suggested, therefore, with LAI, it is crucial that pod area 

index (PAI) is taken into account when calculating growth parameters, 

especially NAR in oilseed rape. 

Zollerngold had the lowest pod weight at W10, possibly reflecting 

lateness of flowering in this variety. This was also shown by the 

data for inflorescence branch weight in that having been late in 

producing flower branches it also had lowest branch weight per plant 

at W1O and at Wl2 it was lower than Nugget, Tower and Erglu. 

Pods continued to develop in Zollerngold, however, and intimately 

pod weight in Zollerngold reached the same level as in the other 

varieties at W18 (Table 2.7). By contrast Tower was the earliest 

to flower. This was apparent from its flower weight at w8 which 

was much higher than any other variety and it had almost completed 

flowering by W12 (Table 2.6). The earliness of Tower in flowering 

was also indicated by again its much greater pod weight at W10 than 

in ft of the other varieties. However, it clearly did not maintain 

this large pod number and since pod shedding apparently occurred 

before W14 (Table 2.7) by which process it lost pod weight and by 

W18 it had the lowest pod weight. This resulted in its having the 

lowest seed weight. Pod loss at W14 was reflected in negative RGR 

value and very high negative value for NAR for this variety between 

W12 and w14, 

, Varieties lacked significant variation in both important growth 

parameters, RGR and NAR. RGR for all the varieties declined continuously 

arouebe ae the harvest period, decreasing almost to zero at maturity. 

RGR is the product of NAR and LAR (Radford 1967). Therefore NAR 

is negatively correlated with LAR. In this experiment this direct
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relationship was not observed for most of the data. NAR can be 

affected by the photosynthetic efficiency of different leaves 

within the canopy and weight of inflorescences (pods and branches). 

Had data been available for pod area and pod area index, this 

negative relationship could possibly have been established. 

Negative RGR and NAR during W10 and W12 and W12 and W14 

occurred after anthesis and were due to loss of total plant weight 

either from senescence of leaves or shedding of pods during the 

pod formation stage. 

No significant differences were found for harvest index 

agreeing with the findings of Olsson (1960). These data however 

indicate that top total plant weight is closely related to seed 

yield in spring oilseed rape as suggested by Thurling (1974b) and 

Campbell and Kondra (1978). This fact is confirmed by very high 

(r = 6.996) correlation between dry weight and seed weight in this



study. In the experiment described here the varieties did not differ 

either in top dry weight per square metre at maturity or in harvest 

index, and hence there was no difference in seed yield. 

The data shown that the varieties did not differ significantly 

for most of the characters examined during growth, and even if there 

were significant differences between varieties, they did not affect 

final seed and dry matter yield i.e. at maturity. 

In spring oilseed rape (Bo napus) several investigators have 

reported similar results for seed yield per unit area. Thurling 

(19744b) planted three B. napus and three Bo campestris varieties at 

three sowing dates, the analysis of variance showed no significant 

seed yield per hectare differences for cultivars within species. 

Similarly Scarisbrick, Daniels and Alcock (1981) found non-significant 

differences in seed yield per hectare, in three pairs of varieties, 

including Orpal, Maris Haplona and Loras, at three sites with five 

sowing dates. 

The breeding of new varieties is a continuous process. The new 

varieties normally are better in one or more of the several characters 

like higher yield, better quality, resistance to insects, diseases 

or lodging and early maturity. The varieties chosen in this study 

represent years of breeding for improved yield in oilseed rape, 

reflecting the increased interest in the crop by farmers and breeders 

alike. It is therefore interesting to note that no differences for 

seed yield between varieties were observed. 

The non-significance of seed yield differences between the 

vaieties may be explained due to the following factors, low fertility — 

and yield compensation.
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Austin, Bingham, Blackwell, Evans, Ford, Morgan. and Taylor (1980) 

while comparing new and old varieties in wheat describe two main 

differences between new and old varieties; new varieties are resistant 

to prevailing insect pests and diseases whereas old ones with the 

passage of time become susceptible to the diseases and pests. As the 

level of fertilizer input has increased for the last few decades, new 

varieties have been selected for growth at high levels of soil fertility, 

and thus their increased yield may depend on high soil fertility 

whereas older varieties were normally grown on soils of generally 

lower fertility. The experiment reported here was carried out ona 

sandy soil with silt. It .was therefore a basically poor soil and the 

level of fertilizer added was not Sicat (basic fertilizer at the rate 

of 120 Kg ha” and Nitrochalk (26% N) at 160 Kg hav) compared with 

levels used by other workers, e.g. Thurling (1974) who applied basic 

fertilizer at the rate of 224 Kg a, potassium chloride at 112 Kg a) 

and urea at lle Kg ha before sowing, and further gave urea at 112 

Kg na-* at monthly intervals till maturity, and compound fertilizer 

at 112 Kg/ha at monthly intervals till pod filling. It is, therefore, 

possible that the intial low soil fertility, and the relatively 

modest levels of fertilizer input in this experiment were tess than 

sufficient to allow the full yield potential of the newer oilesed 

rape varieties to be reached. It may be for this reason that no 

yield'di {ferences between old and new varieties were observed, 

The lack of significant differences for seed yield was largely 

based on two yield components, pod number per square metre and 1000- 

seed weight. These components varied in such a way that a decrease 

in number of pods was compensated for by an increase in seed weight. 

Significantly greater number of pods and lower seed weight in 

Nugget on the one hand and smaller number of pods and greater seed
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weight on the other hand in Cresus, were responsible for this to 

keep the yields similar. Other varieties had medium pod number 

and seed weight. It was therefore due to this compensatory mechanism 

Vhat seed yield did not differ significantly between varieties. 

Component compensation has been reported by several workers in oilseed 

rape (Thurling 1974», Tayo 1974, Degenhardt and Kondra 1981) and in 

other field crops, field beans (Adams 1967) and barley (Adams and 

Grafius 1971). 

Environment strongly influences seed yield which is already a 

complex character. In Brassica napus it is further influenced by a 

number of morphological and physiological factors, such as leaf area 

index, its duration and the photosynthetic capacity of leaves and other 

organs, each of which acts in a more or less complicated way (Thurling 

1974b). These factors can also interact in such a way that the yield 

components, number of pods per plant, seeds per pod, and seed size 

vary, which infact determine plant yield. 

In B. napus the number and sizes of pods and seeds which develop, 

aenend to a large extent on the rate of the supply of carbon assimilates 

(Tayo 1974, Allen and Morgan 1975). After the pod formation stage the 

rape plant above ground can be visualized as a structure composed of 

several nutritional units (pods in inflorescences), which share 

approximately equally the potential characteristics of the plants 

genotype and of the environment, within which the available input is 

subjected to the competitional alternatives of pod setting and/or 

seed setting and/or seed development which is the basis of competition. 

It is evident from experiments with various grain crops including 

oilseed rape that yield component compensation is an inevitable 

consequence of the sequential development of the component characters 

(for discussion of component compensation see Adams (1967), Adams and



grafius 1971). Adams (1967) argues that if components share a common 

metabolic pool, the input of which is limited, yield component 

compensation would be expected to occur if the rate of input of 

metabolites to the component system was either limited constantly 

throughout its development, or fluctuated in an oscillatory manner. 

In the experiment reported here, yield component compensation, due 

to both these factors seems to have occurred. The experiment was 

carried out in a poor soil. Thus the rate of input of the nutrients 

in the first place and that metabolic products in turn may well have 

been limiting throughout plant development. 

The formation of reproductive structures in oilseed rape involves 

a sequential development of pods in an inflorescence and inflorescences 

from axils of successively lower leaves on the main stem, so that there 

is a steadily increasing demand for metabolic products by the expanding 

inflorescences. In oilseed rape, therefore, the metabolic input of 

the plant during flowering would be diverted to an increasing number 

of growing points between and within the inflorescences, with the 

result that there is likely to be intense intraplant competition for 

metabolites between pods, developing on the ame stem and axillary 

inflorescences. Since number of seeds per pod has a similar pattern 

of dry matter accumulation, regardless of the pod position (Diepenbrock 

and Geisler 1979), and most of the pods that set seed are produced 

early in the flowering of the oilseed rape plant (Tayo and Morgan 

1975), the limited metabolic input would have to be partitioned 

among a substantially greater number of growing points (pods) /within 

the inflorescences and proportionately smaller amount will be available 

to seeds developing in each individual pod. As a consequence the seeds 

formed in each pod in Nugget and Zollerngold were lighter (in weight), 

than those in Cresus and Brutor and vice versa (Table 2,12). Tower
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and Erglu produced inbepmed ties pod number and seed weight and gave 

similar yields. 

The above results are confirmed by correlation studies. High 

correlation (r = 0.996) between top dry weight and seed weight per 

plant shows the importance of plant size for seed yield. High 

positive correlations between top dry weight, seed weight and pod 

number suggests that the greater the plant size (ary weight), the 

greater the pod number and the greater the seed yield. The negative 

correlation between dry weight and 1000-seed weight suggests that the 

greater the dry weight, the greater the pod number (high correlation 

between dry weight and pod number) and the less the seed weight 

(g/1000). The same competitive relationship between pod number and 

1000-seed weight is shown by the significant negative correlation 

(r = -0.77) between the two characters and therefore a great amount 

of comensation. None of the yield and yield components had 

significant correlation with harvest index, suggesting that harvest 

index was not a very important yield determinant in this group of 

varieties.
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CHAPTER 3 

Genetic Basis of Yield and Yield Components 

in Oilseed Rape 

3.1 Introduction 

For a successful breeding programme in a crop species it is now 

recognised that the information from physiological and biometrical 

studies of crop yield is necessary (Poehlman 1979). In the previous 

chapter a study was carried out to obtain information about the 

accumulation of dry matter and its allocation to different plant parts, 

yield and yield components. The second phase of this study was to 

obtain information about the genetic basis of the various plant 

characters examined in Chapter 2. This is necessary since the type of 

breeding programme for a particular crop, will be determined by the 

nature and relative magnitudes of genetic/non genetic variation 

associated with the plant population and the nature of gene action 

governing those characters of importance in selection and breeding. 

The information available about the genetic basis of yield and 

other qualitative characters in oilseed rape is, with the exception of 

oil and protein contents, meagre . Singh and Yadav (1980) ina 9x9 

diallel cross analysis of oilseed rape (B. napus L.) found prominent 

non-additive gene action for seed yield. In B. campestris, one of the 

parents of B. napus ( U 1935), Duhoon, Chandra, Basu and Makhija 

(1979) reported additive gene action relatively more important for 

seed number per pod and 1000-seed weight, whilst non-additive gene action 

predominantly controlled siliqua number per plant and seed yield. Putnaik 

and Murty (1978) from generation means of five inter varietal crosses in 

brown sarson (B. campestris var. Sarson) reported that both additive and 

non-additive gene action were important for seed yield and yield components,
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maturity, and developmental characters. Epistatic effects were 

predominant over additive and dominance effects with an important 

role of duplicate epistasis for most of these characters. Moreover 

they found that the nature of gene action for the developmental 

traits was similar to those for yield and its components. 

In the current investigation the diallel procedure (Hayman 

1954a, b, Jinks 1954) was used to examine the genetic basis of 

some of the characters examined in Chapter 2 using the same varieties 

as were used in Chapter.2.The study was made with the objectives 

1) to understand the nature of gene action, 2) to suggest the 

implications of the mode of gene action for breeding for improvement 

of yield and 3) to investigate whether the type of variation present 

as a consequence of selection and breeding methods differ from one 

region, to another. 

30.2 Diallel Definitions and Assumptions 

A full diallel cross is the set of all possible matings between 

several genotypes which may be individuals, clones, homozygous lines, 

etc. and if they are n of these there are né mating combinations, 

counting reciprocols separately. A diallel table is an arrangement 

in a square of n° observations from a set of diallel crosses between 

n parental lines. Each row and column of the square correspond to 

the measurements on the offspring with a common parental genotype, 

so that the n parents form the leading diagonal of the table and 

each male array (row) has a common male parent, being like the 

female array (column) which is of the same genotype as its common 

female parent. 

The diallel cross design is a powerful method of estimating 

additive effects (a), dominance effects (b) and maternal sources



of reciprocal differences (Mather and Jinks 1977). 

Before proceeding to a diallel analysis however, one must 

perform an ordinary analysis of variance to determine whether 

Significant variation is present between the crosses (families) 

for the eievacter under study. If significant differences are 

found between families for the character, then the data may be 

subjected to the Hayman analysis of variance to get information 

about the type of genetic/non genetic variation governing the 

character. 

The diallel analysis technique includes two discrete operations 

(Mather and Jinks 1971). Firstly, there is the formal gna lyeisl oF 

variance which p rtitions family mean effects into a (additive) and 

b (dominance) effects, and in addition detects maternal (c) and other 

sources of reciprocal effects (d). The b item may be further partitioned 

into directional dominance (b;) effects, the mean deviation of the Fis 

from the mid-parent values, due to parents contributing varying 

numbers of dominance alleles (b>) and specific gene interaction (b) 

effects. Specific gene interactions are called by Griffing (1956) - 

specific combining ability. General combining ability is used to 

designate the average performance of a genotype in hybrid combinations, 

whilst specific combining ability designates those cases in which 

certain combinations do relatively better, or worse, than would be 

expected on the basis of the average performance of the genotypes 

involved (Poehlman 1979). 

The second stage of a diallel analysis is the graphic 

representation of the variance of all components of the rth array, 

Vr and the covariance of all the offspring in each parental array 

with the non-recurring parents,Wr. From the graph of regression 

of Wr and Vr the following phenomena may be detected. With full
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dominance at all loci the regression line passes through the origin. 

Partial dominance shifts the line to the left, while overdominance 

shifts the line to the right. Furthermore, the position of individuals 

on the regression line depicts the dominance order of the parents, 

and the Maid between points provides a measurement of the 

genetical diversity among the parents. (Vr + Wr) indicates the order 

of dominance of the parental strains. 

The use of the diallel procedure is based on the following 

assumptions (Hayman 1954b) 

1. Normal diploid segregation of chromosomes. 

2. Absence of maternal effects. 

3. Homozygous parents. 

4, Independence of gene action. 

De No multiple alleles. 

6. Unrelated distribution of genes among parents. 

Failure to meet some of these conditions will cause a 

characteristic disturbance of the array variance, array covariance 

regression (Jinks 1954; Dickinson and Jinks 1956) and helps in 

understanding the assumption not fulfilled. 

The adequacy of this model, the additive-dominance model as it 

is called, and hence fulfilment of assumptions for the model can be 

determined with the help of two tests. The consequence of the 

failure of those assumptions makes the model inadequate. For the 

additive-dominance model to be adequate and hence the fulfilment of 

the assumptions for the model, data should satisfy both tests. 

Firstly, a general test of assumptions is provided by joint regression 

analysis of Wr on Vr. The regression coefficient is expected to be 

significantly different: from zero but not significantly different
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from unity if all the assumptions are fulfilled (Mather and Jinks 

1971). Failure of this test means that either genes show non-allelic 

interaction i.e. are not independent in their action, or show non- 

random association among the parents, i.e. are non-independent in 

their distribution. 

The second test of adequacy of this diallel analysis is the 

analysis of variance of Wr+ Vr. If dominance (or for that matter 

certain types of non-allelic interaction) is present Wr + Vr must 

change from array to array. At the same time if there is non-allelic 

interaction between the alleles, Wr-Vr will vary between arrayso 

Although if dominance is present, Wr = Vr will not vary bie than 

expected from error variation. 

303 Materials and Methods 

The six varieties used in the experiment described in Chapter 2 

were the basis of this experiment (Table 2.1). They were Tower and 

Nugget (Canada), Zollerngold and Erglu (Germany) and Cresus and 

Brutor (France). About twenty plants of each of these varieties 

were raised in ll.cm pots and selfed. Four lines derived from- the 

Sy seed generation, were then selected at random from each of the 

cultivars. These Si lines were used as parents for an eight x 

eight diallel cross. 

Bight plants from each parental line were raised in 5 cm pots 

in John Innes I compost, in a heated greenhouse under a 16 hour 

photoperiod (normal day light supplemented by 400 Watt mercury 

vapour lamps). A complete diallel cross, including reciprocals, 

was made between the eight parental lines. Crosses were made by 

hand at the green bud stagee The buds were opened and the six



unripe anthers removed using foreceps sterilised in absolute alcohol. 

The stigma in these buds was dusted the next day with pollen from a 

ripe anther from the appropriate male parent. The buds were enclosed 

in a 5 cm x 8 cm non moisture proof glassine bag after emasculation 

and again after pollination. The remaining immature buds were 

removed from the plants soon after emasculation. Four to six 

flowers from terminal inflorescence were used on one plant. One 

inflorescence was used for one cross and, due to the small pot 

size there was only one inflorescence per plant. It was, therefore, 

“necessary to use eight parent plants from each line for the crosses. 

The glassine bag was Demos from the crossed plants after the young 

siliqua began to extend, indicating that fertilization had occurred. 

The pods produced from crosses were left on the plant until ripe. 

When,.ripe the pods were collected from each cross separatelyo 

Seeds from the pods of each cross (family) were separated 

by hand. In some of the crosses there was no seed set and seed 

set was very poor in others. ‘hen arranged on the diallel table the 

amount of crossed seeds was only enough to give complete six x six 

diallel crosses for the three diallels. Since there is no 

restriction on the number of parental lines in an undefined diallel 

(Mather and Jinks 1977), six parental lines were sufficient to 

proceed with a valid diallel analysis. 

About forty seeds from each family were germinated on a petri 

dish on moist filter paper. Four to six days after radical 

emergence the seedlings were transplanted into the field at the 

University of Liverpool Botanic Gardens, Ness. The experiment 

was laid out in a randomised block design with two replicates. 

Fifteen to eighteen seedlings of each family were sown ver:
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replication. Some of the families had less than 10 plants per 

replication because seed set was poor in those crosses and/or some 

plants died due to stem rot early after transplantation. Plants 

were sown in rows 45 cm apart at a distance of 2.5 cm from one another 

within a row. Transplanting of all the plants from the three diallel 

sets of crosses was completed in May 1980. 

A basic dressing of ICI No.10 at the rate of 120 Kg ha? as 

compound fertilizer was applied before sowing. Nitrochalk fertilizer 

a with the basic fertilizer at was added in two doses: (i) 9% Kg ha 

sowing, and (ii) 70 Kg ha top dressed before anthesis. Benlate 

fungicide was applied for stem rot just after transplantation. 

Basudin insecticide was applied twice: first one week after 

transplanting, the second application being 8 weeks after transplanting 

when an attack of cabbage root fly (Erioischae brassicae) was noted. 

At pod filling and seed enlargement the plants were protected from 

bird damage by erecting a cage of 3 cm plastic netting over the 

experiment. 

Plants were harvested before they were fully ripe to avoid pod 

shattering. The plants of each family were cut at ground level and 

brought to the laboratory and the number of plants in each family 

and pod number were counted. A sample of 4O pods was taken at 

random to take data on number of seeds per pod and 1000-seed weight. 

Plants were separated into pods, flowering branches and stem (there 

were no leaves left on the plants) and these were dried at 37°C for 

seven days and weighed. 

The sample of 40 pods was threshed by hand and seed number 

counted using the electronic counter as described in Chapter 2.



From this sample seed number per pod and 1000-seed weight were 

determined. The remaining pods were thréshed, again using the method 

described in Chapter 2. Seed weight per plant was calculated from 

these data. 

The following characters were recorded for mature plants. 

le Dry weight of inflorescence weight (all flowering branches without 

pods) per plant. 

2. Stem dry weight per plant. 

3. Pod dry weight per plant. 

4, Dry weight per plant was calculated by adding the above three 

components. 

5e Seed dry weight per plant fa), 

6. Number of pods per plant. 

7. Number of seeds per pod, and 

8. 1000-seea weight 721 

(2) ceca weights were measured on seeds dried at 37°C for 7 days. 

The diallel analysis procedure (Hayman loc. cit., Jinks loc. cit.) 

was carried out for all these characters. Computer program for this 

analysis was very kindly supplied by Dr. M.D. Hayward, Welsh Plant 

Breeding Station, Aberystwyth. 

3o4 Validity of Assumptions 

earonic shia segregation in B. napus is-of the normal diploid 

type (U 1935) although it is an amphidiploid species. B. napus 

is a predominantly self-pollinated crop (Free and Nuttal 1968) and 

about 70-80 per cent selfing takes place. The parental lines were 

produced by selfing over one generation, so the individuals were



approximately 90% homozygous (Poehlman 1979). Moreover the assumption 

that parents are homozygous is, although desirable, not essential 

(Kempthorne 1956), it being necessary only that the parents have the 

same coefficients of inbreeding. Randomisation of the families in 

blocks minimize environmental influences, whilst maternal effects 

will be shown by the significance of c item from the Hayman analysis 

of variance. The remaining assumptions about independence of gene 

action, multiple alleles and unrelated distribution of genes among 

parents are difficult to evaluate before hand and can only be tested 

following completion of the diallel analysis. 

3.5 Results 

3e5e1 Diallel Cross 1: Tower and Nugget: 6 x 6 diallel 

The 6 x 6 diallel was conducted by taking three lines from 

each of Tower and Nugget varieties as parents. All the characters 

except seed number per pod showed significant variation between 

families (the relevant analyses of variance for these characters are 

given in Appendix 4, pagel91). A Hayman analysis of variance was 

therefore carried out on the seven characters. The results of these 

analyses, giving variance ratios and significant levels are given 

in Table 3el. 

Dry weight per plant, stem weight per plant, inflorescence branches 

weight per plant, pod weight per plant, seed weight per plant and 

pod number per plant show the same patterns, of control of variation. 

The a item (p< 0.001) indicates significant additive gene effects 

and the non-additive component, b, is also significant (p <0.001). 

The bj component, which gives information about directional 

dominance, is significant (p<0.05 ) for dry weight per plant, pod



Table 3.1 

a additive effects 

b general dominance effects 

b, directional dominance effects 

b. effects due to unequal distribution of dominance 

= effects due to dominance deviations unique to Fs 

c maternal effects 

d non-maternal reciprocal effects.
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weight per plant and number of pods per plant suggesting the presence 

of directional dominance for these characters, The non-significant 

bys item for stem weight per plant, inflorescence weight per plant 

and seed weight per plant indicates the absence of directional 

dominance for these characters. The significant b, component (p<0.05) 

for dry weight per plant, stem weight per plant, inflorescence weight 

per plant (p<0.001) and number of pods per plant (p<—0.01) shows 

that genes for these characters are asymmetrically distributed 

among the parents. In contrast the bs item is not significant for 

pod weight per plant and seed weight per plant suggesting a 

symmetrical distribution of the genes among the parents for these 

characters. For all the above characters there is evidence for 

significant specific gene action bz (p<0.001). Both maternal 

effects (c) and inconsistent reciprocal differences (d) are found 

to be siguifieant for dry weight per plant, inflorescence weight 

per plant, pod weight per plant, seed weight per plant, and number 

of pods per plant at p <—0.001; c and d items for stem weight per 

plant; d item for pod weight and seed weight per plant at p< 0.01. 

The Hayman (1954a) analysis of the diallel cross partitions 

variation into additive (a), dominant (b) maternal (c) and reciprocal 

effects not ascribable to c (d). In general (in the absence of reciprocal 

differences) these effects (mean squares of a, b, c and d) must be tested 

against their individual interactions with blocks (B xa toBxd 

respectively). However, if the error variance are homogeneous, 

they may be pooled to give a block interaction mean square as a 

common error variance and all items mean squares tested against it. 

On the assumption of no genotype x environment interaction, and no 

differences between reciprocal crosses the mean squares for c and d 
%
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and the block interactions are all estimates of E, the environment 

component of variation. If on the other hand the c and/or d items 

are significant, these become the appropriate error term for a and/ 

or b respectively (Wearden 1964). 

Since ¢ is significant for all six characters, a must be 

retested against c rather than against the pooled interactions 

mean square (Wearden 1964). When this is done the a item is found 

to be non-significant, suggesting no additive effects (Table 3.2). 

Again since d is significant for all six characters, b must be 

retested against the d item. When this is done the b item becomes 

non-significant meaning that no general dominance is revealed in 

the diallel analysis of these data. Thus in the material used 

there were neither significant additive effects nor significant 

rom ted 

Poliowte the Hayman (1954a) analysis of the diallel table one 

can proceed to test the assumption that an additive-dominance model 

is adequate for the data. To do this it is necessary to perform 

two tests. First is the joint regression analysis of Wr, the 

covariance of the families in each parental array with the non- 

recurrent bacente and Vr, the variance of all families of the rth 

array. If the slope of Wr/Vr regression is significant, does not 

deviate significantly from unity, but significantly differs from 

zero, it suggests that no non-allelic interaction is present and 

that the genes are distributed independently among parents. The 

second test for the model to be adequate is the analysis of variance 

of Wr and Vr. Significant differences for Wr + Vr values of arrays 

suggests the presence of non-additive (dominance and/or non-allelic)
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yamabions whereas non-significant difference of Wr-Vr values of 

arrays suggests no non-allelic variation, but variation due to dominance 

is present. If the tests suggest that the additive-dominance model 

is adequate we may proceed to the Wr/Vr regression graph which gives 

information about the type of variation (additive and/or dominance) 

and the distribution of the alleles among parents. If either or 

both of the requirements are not met, it suggests that data do not 

fulfill the assumptions of the model, and therefore the model is 

unsuitable forthe data analysis. 

The results for 1000-seed weight indicate significant additive 

effects (a item, p<0.001). The b (p<0.05) and by (p <0.01) 

components were also shown to be significant. None of the other 

effects were significant however. The joint regression analysis 

of Wr on Vr was carried out, b was not significantly different 

Peodt unter (Table 3.3) suggesting that the additive-dominance model 

was adequate for the data set for this character, However analysis 

of variance of Wr and Vr invalidated the model. 

For none of the characters in this diallel, the data adequately 

fit the simple additive - dominance model. This being the case, it 

is not legitimate to produce graphs of regressions of Wr on Vr. 

3.5e2 Diallel Cross 2: Zollerngold and Erglu: 6x6 diallel 

The ordinary analysis of variance (Appendix 5, page 192) showed 

significant variation (p< 0.05) for all the eight characters 

recorded in the 6 x 6 diallel of the lines from Zollerngold and 

Erglu. Hayman analysis of variance (loc. cit.) were therefore 

carried out for all these traits. These are given in Table Bet, 

and indicate the. following.
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The significant a item for stem weight per plant, seed weight 

per plant, seed number per pod and 1000-seed weight, (p<0.001), 

and for dry weight per plant, inflorescence weight per plant, pod 

weight per plant (p <0.01), and for pod number per plant (p<0.05), 

indicates significant additive genetic effects. The non-additive component 

b is also shown to be Seni ticant at p<0.001 for Eothorencence 

weight per plant and seed weight per plant at p<0.01 for dry weight 

per plant and pod number per plant, and at p—0.05 for stem weight 

per plant, pod weight per plant, seed number eee pod and 1000-seed 

weight. The non-significant b, component for dry weight per plant, 
1 

stem weight per plant, inflorescence weight per plant, pod weight 

per plant, pod number per plant and 1000-seed weight suggests the 

absence of directional dominance. However, for seed weight per plant 

1 is significant (p<0.001 and p<0.01 

respectively) and these indicate directional dominance. The 

and seed number per pod b 

Significant b, item shows that the genes are asymetrically distributed 

among the parents for dry weight, stem weight, inflorescence weight, 

seed weight and pod number per plant. The b, was however non 

significant for pod weight per plant, seed number per pod and 1000- 

seed weight suggesting symmetrical gene distribution for these’ 

characters. There is significant evidence for specific gene action 

(o, item) for all the characters except stem weight. Maternal 

erect (c) were found to be significant for inflorescence weight 

(p<<0.05), seed weight per plant (p<—0.001) and 1000-seed weight 

(p< 0.01) and inconsistant reciprocal differences (d) were found 

to be significant (p< 0.001) for all the characters except 1000- 

seed weight (significant at p<(0.01 and seed number per pod (non- 

Significant). Again following Wearden (1964) the significance of
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items have to be retested against the appropriate error terms 

(Section 3.5.1) and the results of this modification are given in 

Table 5.5. For all the characters except inflorescence weight, 

seed weight and 1000-seed weight additive effects were present but 

dominance effects became non-significant for all characters except 

seed number per pod (significant at p—0.05). 

For all the characters except stem weight per plant, the 

regression of Wr on Vr was not significant, suggesting the failure 

to meet the assumption of non-allelic interaction and/or non-- 

random distribution of genes among parents. By analysis of Wr and Vr, 

non-additive variation was indicated for inflorescence weight, seed wt.and stem 

weight per plant, seed numbér per pod and 1000-seed weight and it 

was shown as non-allelic interaction for pod weight, seed weight 

and seed number per pod. 

Thus joint regression analyses and analyses of variance of 

Wr and Vr of arrays indicated that the additive-dominance model was 

not adequate based on one or both these tests (Table 3.6) except 

for stem weight per plant. In the presence of inconsistent reciprocal 

effects (Table 3.5), it would not give very clear picture about the 

inheritance of this character. 

3.5.3 Diallel Cross 3: Brutor and Cresus: 6x6 diallel 

“Variation between family means was significant at p<0.05 

for dry weight per plant, seed weight per plant and pod weight per 

plant, and at p<0.001 for seed number per plant (Appendix 6, page 

193) out of the eight characters recorded, Hayman analysis of 

variance was therefore carried out for these four characters. The 

results of the analysis are shown in Table 3.7.
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3°? 

bry weight per plant, seed weight per plant and pod weight per 

plant show similar patterns for the genetic components of variation. 

The non-significant a item indicates absence of additive genetic 

effects. The general dominance component (b) is shown to be significant 

(p<0.01), whilst the non-significant b, component (p> 0.05) 

suggests no directional dominance. The b, component was found to be 

Significant (p<“0.01) indicating that some parents contain more 

dominance alleles than others. The b, item was significant (p= 0.05) 

and gave an indication for the presence of specific gene interaction. 

Maternal effects (c) were found to be non-significant and there was 

no evidence for tivorsistent reciprocal differences. 

The analysis for seed number per won (Table 3.7) indicated 

additive effects (a, p<0.01). The dominance (b) item and its by 

and Bageomponents were also shown to be significant. But the analysis 

of regression (Table 3.8, b significantly different from unity p< 0.05) 

showed that additive-dominance model was not adequate. The inadequacy 

of the model was verified by the analysis of variance of Wr and Vr. 

So no further analyses were carried out for seed number per pod. 

The additive-dominance model was shown to be adequate by both 

the tests for dry weight, seed weight and ead weight per plant. (Table 3.8). 

Wr/Vr regressions for these characters are shown in Figures 3.1 to 

303. From an examination of thése graphs it is clear that all these 

characters behave in the same manner. Regression coefficients are 

nearly equal and the parental points are scattered on the graph in 

the same positions, | 

The slope (b) of the regressions of Wr on Vr are not significantly 

different from unity for all three characters, suggesting no non-allelic
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interaction and an independence of genes among the parents. The 

regression lines cut the Wr-axis at the origins suggesting the 

presence of complete dominance. This agrees with the Hayman 

analysis of variance (Table 3.7) in that there was only significant 

dominance effect (b) shown but no directional dominance (b,) 

indicating full dominance. However the coupstaeden of Wr + Vr of 

arrays with common parents is not significant (r = 0.5) suggesting 

an ambidirectional dominance. 

If the model is shown to be adequate, the components of variation 

D,H, +H F and E may be estimated. D measures only additive effects, 
a? 

Hy and He measure only dominance effects and Hy has the same co- 

efficient as D (for detail see Mather and Jinks 1971), so that the 

square root of the ratio of H, to D is a measure of degree of 

dominance, the ratio of 1/4 H, to H, measures the average value of 
1 

uv (where u is frequency of increasing allele and v = 1-U, is the 

frequency of decreasing allele) over all loci. ‘In the presence of 

unequal gene frequencies the sign and magnitude of F determines the 

relative frequencies of dominant to recessive alleles in the parental 

population and the variation in the dominance level over loci. F 

is positive whenever the dominance alleles are more frequent than the 

recessive alleles, irrespective of whether or not the dominant alleles 

are increaseys or decreaseyg. E is environmental component and is 

derived from the block interactions of the family means, when the 

interactions do not differ significantly. 

The relative sizes of D and Hy from Wr/Vr analysis (Table 3.9) indicated 

H, => D suggesting the presence of (full) dominance, the same being 

shown by high dominance ratios (nearly 1.50) for these characters. 

*



Table 3.9. Components of genetic variation for dry weight per 

plant, seed weight per plant, pod weight per plant 

for 6x6 diallel of the lines from Brutor and Cresus. 

Item 

Dominance ratio 

2 (H,/0)™" 
Mean uv 

(H,/ 4H, ) 

ala + 

Dry weight 

per plant 

5307 

95 04+ 

71.2 

82.1 

33 

0.19 

3209 

D additive effects 

at 

F frequency of dominance alleles 

H. and Hy dominance effects 

Seed weight 

per plant 

306 

8.8 

6.8 

601 

1.55 

0.19 

E Environmental component of variation 

Pod weight 

per plant 

1707 

55 02 

26.09 

271 

1.41 

o
O
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? 

Ho Hy which suggests unequal frequencies of dominant and recessive 

alleles. The same is suggested by uv value which is 0.19 less than 

its maximum value (0.25 when u = v = 0.5) suggesting unequal 

frequency of dominant and recessive genes. 

From the position of parental lines on the Wr/Vr graph, it is 

possible to determine the distribution of dominant and recessive 

genes in the parent lines. The relative values of Wr and Vr show 

that C14 and B10 have the highest values and hence have the highest 

proportions of recessive genes. C9 has the lowest values and will 

therefore contain most dominant genes, The other lines fall between 

these extremes in the order of C13, B10, Bll, B16, Cll and C9 and 

have the dominant and recessive alleles accordingly. 

3.6 Discussion 

The results for dry weight, stem weight, inflorescence weight, 

pod weight, seed weight and pod number per plant from the diallel 

Set 1 (Tower and Nugget) showed that there were significant additive 

effects but the presence of maternal effects made these non-significant. 

Similarly dominance effects were made non-significant by the presence 

of inconsistent reciprocal effects. This indicated thatall the 

variation present was masked by maternal and inconsistent reciprocal 

effects. These characters therefore behaved in the similar way 

indicating neither additive nor dominance effective effects when 

the appropriate tests against maternal and reciprocal effects 

ane ay were carried out. 

For the above six characters indiallel 1, failure of the joint 

regression analysis suggests that non-allelic interaction is present 

and that genes are not independently distributed among parents. The



66 

presence of non allelic interaction was confirmed by the analysis 

of variance of Wr and Vr. Significant Wr + Vr values of the arrays 

suggested the presence of non-additive variation and significant 

ir-Vr values of the arrays suggested that the non-additive variation 

was due to non-allelic interaction. 

For 1000-seed weight in diallel 1 (Tower and Nugget), presence 

of additive and dominance, and absence of maternal and reciprocal 

effects was shown. Joint regression analysis suggested the additive- 

dominance model to be adequate suggesting that genes were distributed 

independently among parents but analysis of variance of Wr and Vr 

indicated the presence of non-allelic interaction and thus rendered 

the model inadequate. 

The analysis of results from the 6 x 6 diallel set 2 (Zollerngold 

oe Erglu) for dry weight per plant, stem weight per plant, inflorescence 

weight per plant, pod weight per plant, seed weight per plant, seed 

number per pot and 1000-seed weight showed significant additive and 

dominance effects. The presence of maternal effects (c item) for 

inflorescence weight and seed weight per plant, and 1000-seed weight 

made additive effects non-significant. There were inconsistent 

maternal effects (d) for all the eight characters except seed eee 

per pod. Hence, the presence of these inconsistent maternal effects 

nade tdominance effects non-significant in all these characters 

except seed number per pode 

For seed number per pod in diallel 2 (Zollerngold and Erglu) 

and in diallel set 3 (Brutor and Cresus) though maternal and 

reciprocal inconsistent effects were absent but both the tests 

suggested model to be inadequate probably for the presence of non-



allelic interaction. 

Thus the model was rendered inadequate largely through 

reciprocal effects Cc and a items). The reciprocal effects may 

also be shown if inbreeding of the parental lines is not completely 

effective and some (residual) variation remains in them. This can 

occur if precisely the same parents have not been used in making 

the reciprocal crosses (Mather and Jinks 1977). In this investigation 

the crosses were made from plants which had been selfed for one 

generation only, and they were highly unlikely to have been completely 

homozygous. Furthermore eight different plants were used for all 

possible diallel crosses because of the smaller pot and therefore 

plant sizes and one inflorescence only being used for one cross 

(Section 3.3). No account in a particular cross was kept of the 

pollen source and hence identification of truly reciprocal crosses 

was not possible, and records of reciprocal differences might have 

arisen for these reasons. 

On the other hand if reciprocal effects were in fact present, 

this infers that the assumption of the absence of non-reciprocal 

differences, which may be due to epistatic or non-nuclear factors, 

were not met. The presence of epistatic effects have been reported 

in B. campestris var. Sarson (Putnaik and Murty 1978) , and may also 

occur in B. napus. There is however less possibility of epistatic 

effects in diallel set 1 because it is known that Tower and Nugget 

have some ancestors in common (Downey, Stringam and McGregor 1975). 

Whatever the cause of the failure to meet the diallel assumptions, 

it is clear that a more complex genetic system is involved in the 

control of the characters in which the model was rendered inadequate, 

than that described by the diallel analysis (Hayman 1954a,b, Jinks
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1954). The same conclusion is reached from the analyses of Wr 

and Vr, for the characters in which reciprocal effects are non- 

significant. In this case non-allelic interaction may be responsible. 

It thus seems clear from these data that very complex genetic 

mechanism governs variation in all these characters of the diallels. 

The additive-dominance model was shown to be adequate for dry 

weight, seed weight and pod weight per plant in diallel set 3 

(Brutor and Cresus) and there were only significant dominance effects. 

The presence of dominance effects without additive variation. means that no 

progress can be made by selection suggesting no genetic variation 

which can be exploited. Non-significant additive effects for these 

characters in the diallel cross may however be due to the lack of 

genetic variability for the characters in question, and it may be 

that ail the parents have more or less the same genes for the 

characters. This would mean that there would be no genetic 

variation to detect. 

The parents in the diallel set of Brutor and Cresus were 

chosen from a pair of varieties bred in France. It has not been 

possible to ascertain the direct relationship between cultivar 

Cresus and cultivar Brutor. However it may well be that the 

varieties are quite closely related, the use of better performing 

parents and parents with good general combining ability tending to 

be preferred in breeding programmes. Hence the diallel analysis 

may have been invalidated for seed number per pod and no additive 

variability was shown for dry weight, seed weight and pod weight 

per plant because of the low genetic variability between parental 

lines.
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It is surprising to note however that no additive variation 

was found, and that the parents showed ambidirectional dominance . 

Ambidirectional dominance would be expected for characters under 

stabilizing selection (Mather 1973) ina situation in which no additive 

variation is left. Cresus is an old, and Brutor the newly evolved 

variety. New varieties here been selected for higher yields which 

should have under directional selection and should have altered 

the constitution of yield and yield components in the new variety. 

Though strange, it was noted in Chapter 2, that Cresus and Brutor 

did not differ significantly in seed and dry yield, and the three 

lines were selected from each of these two varieties. Experiment 

was sown in same soil, at the same season and the similar cultural 

and fertilizer inputs were given as in the experiment described in 

Chapter 2, it was probably no significant differnces between the 

Weenie lines used (significant variation observed may have been 

shown significant by large aerae degree of freedom). Perhaps the 

inclusion of more parents (more variable varieties) would provide 

data more adequately fitting the diallel model. 

For two diallel sets (Tower and Nugget, and Zollerngold 

and Erglu) out of the three 6 x 6 diallels carried out the additive- 

dominance model was found to be inadequate and for the third set 

(Brutor and Cresus) data for dry weight, seed weight, and pod weight per 

eae . adequately fitted the model, but no additive effects were 

found. This may be a further reflection of the extreme phenotypic 

plasticity, observed in Chapter 2 in oilseed rape. 

The failure of the three diallel analyses to show significant 

additive genetic variation may be due to a number of factors.
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Firstly, component compensation is a phenomenon widely reported 

in oilseed rape (Tayo 1974, Thurling 1974b, Degenhardt and Kondra 

1981) and was noticed in the experiments described here. The 

correlation coefficients between yield and yield components are 

shown in Table 3.0. Correlation coefficients between seed yield 

per plant and dry weight, pod number and pod weight per plant are 

positive and significant (p<<0.001) and negative between 1000-seed 

weight and yield and all other components,i.e. component compensation, which 

is discussed in Chapter 2 and it may have masked the mechanisms 

which govern gene action for characters showing compensation. 

Secondly, the nature of the genetic material used in these 

diallel sets may be such that there were not sufficient differences 

between the lines. In each set the lines were selected from two 

varieties produced in the same country. It is possible that 

differences between lines were not big enough to be detected by the 

Hayman analysis of variance. It can be inferred that in most of the 

characters studied a more specific breeding test would be necessary 

or the assumption of homozygous parents (advanced selfed generations) 

and also the use of same plants for reciprocal crosses should be 

attempted for these diallels. 

Thirdly, the soil fertility and other environmental factors 

may have been responsible for hiding the genetic behaviour of the 

genotypes. Ness soil and fertilizer application was the same as for 

that of the experiment conducted in Chapter 2. It has been that 

one of the factors which may have been largely responsible for the 

lack of significant differences between variety yields was poor soil 

fertility and the application of low fertilizer. In such a situation, 

the varieties and the lines not having optimum conditions of growth 

could not exploit their full potential. This condition. was



CHAPTER 1 

Rapeseed as a World Oil Crop 

1.1 Introduction 

Vegetable oil has been utilized by man since ancient times. In 

the past it was mainly used for lighting and lubrication. Nowadays 

it has uses both in the food and other chemical Eecvies, OA large 

number of plant species are known to contain oil, but only about forty 

tiées and plants have been used for the commercial production of 

vegetable oils. Most of these species are grown intensively and their 

oil products are largely for domestic use. Only a small number of 

oil crops enter world trade. At present nine crops make up about %% 

of international trade in oils of vegetable origin. These crops are 

soybean, cotton seed, groundnut, sunflower, rapeseed, copra, linseed, 

palm oil and palm kernal (King 1978). P. 

Total annual world rapeseed production amounts to over ten 

million tonnes and it ranks fifth among oilseed crops after soybean, 

cotton seed, groundnut and sunflower (FAO Production Year book, 1978). 

In terms of oil equivalent, rapeseed provides approximately 10% of 

world vegetable oil production. 

Rapeseed is a common term used to describe the seed from 

Brassica campestris L. and Brassica such Le (Downey 1971, King 1978) . 

The English word "rape" is derived from the Latin word "rapum"! 

meaning turnip. In the world market, though, rapeseed oil includes 

the oil from a third species, Brassica juncea Le commonly called brown 

mustard. In Asia the rapeseed crop is sometimes grown as a mixture 

of B. campestris and B. juncea, the crop being used locally and it 

does not enter the world market. The two species are commonly
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Table 5.10. Correlation coefficients (r) between yield and yield 

components of 6x6 diallel crosses from lines of 

Brutor and Cresus varieties. 

S— eee 

Pod number Pod weight Seed weight 1000-seed Seed number 
per plant per plant per plant weight per pod 

  

* ke * *** * eK 

Dry weight 0.96 0.99 0.97 -0O,.12 O42 

per plant 

* *%* * OR *% 
Pod number 0.95 0.91 -0.19 0.36 
per plant . 

Oe * OK 
Pod weight 0.98 -0.09 0.46 
per plant 

kK 

Seed weight | ~0O.10 0.57 
per plant 

* 

1000-seed -0.28 
weight



  

C2 

exaggerated by another factor. In the start of the experiment it 

was dry weather and after June the weather became extremely wet 

(Appendix 1, page 188), 

These factors may well have contributed to a distortion of 

the expression of genetic differences in yield and yield components. 

Nonetheless significant variation was present in the lines as shown 

by analyses of variance (Appendix 4-6) and it was therefore valid to 

apply the diallel technique. 

1
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CHAPTER 4 

Variation in Yield and Yield Components in Six 

Varieties of Spring Oilseed Rape 

A greenhouse experiment with spring rape. 

4,1 Introduction 

Plant breeders work with phenotypes. The phenotype is variable and 

the variation in the phenotype is the product of variation in the genotype 

and variation caused by the environment directly, and also specific effects 

due to the interaction of specific eenouenes and environments termed 

genotype environment interaction (g x e). The occurrence of genotype -~ 

environment interaction makes the task of plant breeders difficult 

because the environment, and therefore g x e is made up of extremely 

variable factors. Genotypes can be selected and controlled, but 

environment and thus the g x e, is very difficult to control. Variation 

in the environment of a plant is caused by many factors such as 

differences in the siyaioal and chemical properties of soil, climatic 

fluctuations, and management and treatment differences (fertilizer and 

other agronomic practices). The examination of g x e is important for 

plant breeders in general but particularly in a crop like oilseed rape 

which is expanding. 

The existence of genotype x environment interactions has long been 

realized. The earliest reference to the phenomenon (Fisher and MacKenzie 

1923) preceeds the analysis of variance. Comstock and Moll (1963) 

explained the definitions, terms and symbols concerning g x e and 

discussed its implications for biometrical genetics and plant breeding. 

Allard and Bradshaw (1964) reviewed previous work, emphasizing the 

importance of interactions, particularly varieties x years, to plant 

breeders. Yates and Cochran (1938) gave a method of partitioning gxe
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effects. This was modified by Finlay and Wilkinson (1963) who 

rediscovered and used it in modified form for an analysis of 

adaptation in a trial with 277 varieties of barley in seven 

environments. This is now commonly called the joint regression 

analysis, or Finlay-Wilkinson technique. In this technique, a linear 

regression of individual variety performance on mean performance of 

all varieties for each different environment (environmental mean) 

is computed. In this way the mean yield of a group of varieties is 

used to describe a complex natural environment so that the complexities 

of defining or analysing interacting environmental factors is avoided. 

The two important statistics obtained by this technique are the 

regression coefficient oeiear dey mean yield on environmental mean, 

and individual variety mean yields over all environments. Regression 

coefficients approximating to 1.0 indicate average stability. Regression 

coefficients which are more than 1.0 indicate increasing sensitivity 

to environmental change. This reflects below average stability for the 

genotype or variety concerned and specific adaptability to high 

yieldene environments. Regression coefficients which are less than 

1.0 reflect a reduced response to environmental change, an above 

average stability of performance and an increased specific adaptability 

to low yielding environments. Variety means over all environments 

provide a measure of the overall performance of individual varieties. 

A regression coefficient of 1.0 when associated with high overall 

mean yield, reflects varieties with good general adaptability. A 

regression coefficient of 1.0 associated with low yield reflects 

varieties which are poorly adapted to all environments. 

Eberhart and Russell (1966), and Breese (1969), extended 

this technique to include deviations from regression, as estimates 

of unpredictable irregularities of response so that a stable variety
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should have deviations from the regression not significantly different 

from zero. In spite of some objections (Knight 1970), critical re- 

examination of the joint regression technique (Perkins and Jinks’:1968, 

Kaltsikes and Larter 1970, Samuel, Hill, Breese and Davies 1970,Breese and 

Hill . 1973), it has proved the most useful means yet available for 

assessing stability of plant variety or species. 

The objective of this experiment was to assess the extent if any 

of g x e in oilseed rape by growing seven varieties from a wide range 

of backgrounds, on three different soils at two densities using seed 

yield and its components as measure of plant performance. The 

experiment also examined the way in which yield and yield components 

interact. From the data it was hoped that varieties with different 

degrees of environmental stability could be identified. 

4,2 Materials and Methods 

Seven summer type varieties of Brassica napus were used in this 

study, Brutor, Bronowski, Erglu, Gulle, Janus, Janetski, and Tower. 

The country of origin and year of release of the varieties used are 

given in Table 443. 

Table 4.1. Country of origin and year of release of summer B. napus 

cultivars. 

Variety Country of Origin Year of release 

Bronowski Poland 1955 

Gulle Sweden 1969 

Erglu Germany 1969 

Janetski Germany 1942 

Janus France 1969 

Brutor a France . 1978 

Tower Canada 1974 

 



The experiment was carried out in a heated greenhouse under a 

16 hour photoperiod (normal day light supplemented by 400 watt 

mercury vapour lamps) at the University of Liverpool Botanic Gardens, 

Ness. A split plot design with three replications was used, with 

soils as main plots, and varieties and density combinations 

randomised in subplots. A split plot design was used because it was 

convenient to make soil blocks in the greenhouse and randomise 

treatments within each block. Three soil fertility levels were used, 

(i) sandy soil from Ness Gardens representing low soil fertility (S1), 

(ii) John Innes Compost I (S2) and (iii) a high fertility soil 

obtained by doubling the amount of John Innes base fertilizer added 

to the standard John Innes mix ($3). Wooden boxes 91 cm x 320 cmx 26¢™ 

were constructed for soil blocks. . Three blocks, each with a different 

soil type comprised one replication. These blocks were partitioned 

into 46 cm x 46 cm compartments which were lined with polythene, 

leaving holes in the bottom for drainage. The compartments of each 

of the boxes were filled to within 3 cm of the top with the appropriate 

soil. Seed of each of the seven varieties was sown into subplots in 

all possible combinations of variety and density, within each block. 

Seed was sown at two densities, 18 and 25 seeds per 46 x 46 om plot 

obtained by sowing them in rows 6.5 cm and 5 cm apart tospectivelr: 

Two to three seeds were sown per hill to ensure germination of one 

plant. per hill. Sowing of the seed was completed on 23rd December 

1978. 

Germination of all the varieties except Janus was completed 

10 days after seeding. Janus showed very poor germination, and was 

therefore abandoned, the experiment thus having six varieties. After 

germination was complete, plants were thinned to leave one seedling 

per hill. Where there was no germination, spares of the same age



were used to fill the gaps. During summer 1979 the greenhouse doors 

had to be kept open to encourage cooling of the house. This caused 

draughts and extensive damage to one block which had to be discarded. 

At maturity the eight central plants in each subplot were harvested 

from each treatment by cutting at ground level and data on the 

following characters (each character mean of 8 plants per treatment 

for replication) recorded. 

1. Top dry weight per plant. 

2. Seed weight per plant. 

3. Pod number per plant. 

4, 250-seed weight. 

Harvest index was calculated by dividing seed weight per plant by 

top dry weight per plant. One thousand seed weight was obtained from 

250-seed weight x 4, Seed weight per pod, and seed number per pod 

were estimated from seed weight per plant, pod number per plant and 

1000-seed weight. To avoid loss of seeds and pods plants were harvested 

before the pods were fully ripe. 

Analyses of variance were carried out on the data for the 

characters studied. Simple correlations between seed yield and yield 

components were computed. Because the soil-density interaction was 

significant, it was felt justified to proceed to the joint regression 

analysis of these data following Finlay and Wilkinson (1963). The 

joint regression technique was carried out for seed yield per plant 

only. 

4.3 Results 
Soil fertility level, density and variety means for seed yield 

per plant, top dry weight per plant, number of pods per plant, seed 

number per pod, seed weight per pod, 1000-seed weight and harvest 

index are given in Table 4.2. Because items are generally not
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Significant, nae lgaee of variance tables have been placed in 

appendix 7, page 194, Significant effects were found due to density 

for seed yield per plant (p<0.05) and top dry weight per plant 

(p<0.01), and for varieties in seed number per pod (p<0.001) and 

1000-seed weight. 

Plants at 6.5 cm spacing between rows had significantly more 

top dry weight (p<0.05) and greater seed weight per plant than those 

with 5.0 cm between rows. Bronowski produced the greatest number of 

seeds per pod followed by Erglu, Gulle, Janetski, Tower and Brutor. 

Seed number in the latter five varieties did not differ significantly 

(p<0.001). On the other hand Brutor had the maximum 1000-seed weight 

value and Bronowski the minimum. No significant differences were 

found between varieties for seed weight per pod (Table 4.2). 

Correlations amongst yield and yield components are given in 

Table 4.3. Seed yield per plant showed a significant positive 

correlation (p<0.001) with top dry weight per plant, pod number 

per plant, seed number per pod and harvest index. The correlation of 

seed weight per plant with 1000-seed weight was not significant. Dry 

weight per plant had a significant positive correlation (p<0.001) 

with pod number per plant, harvest index, 1000-seed weight (pc 0.05) 

and seed number per pod (p<0.001). Harvest index and pod Fae per 

plant showed significant positive correlation (p<0.001) with all the 

oie characters except 1000-seed weight, with which the correlation 

was not significant. The correlation of 1000-seed weight with other 

characters was Hat significant except with top dry weight per plant 

(positive, p<0.05) and seed number per pod with which it was 

negatively correlated (p<0.01). 

By regarding each combination of density and soilasa 

different unspecified environment (Eberhart and Russell 1966, Breese
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distinguished by their common names: B. napus is called rape, colza 

and navette in Europe and Argentine rape in Canada. B. campestris 

is known as turnip rape, navette and rubsen in Europe, whereas in 

Canada it is called Polish rape (Table 1.1). 

1.2 Evolutionary Origin of Rapeseed 

Information about the origin of different species is conflicting 

and sometimes not very well documented (Downey 1965, Prakash 1980). 

Although earlier records of the use of oilseed are found in ancient 

Sanskrit writings in Indo-Pakistan Subcontinent dating from 2000 to 

1500 B.C. (Prakash 1980) , other literary references are scarce until 

well into the middle ages. By that time rapeseed was being grown 

as an ancient crop in Europe but which eeacien was grown is, 

unfortunately, not known (Appelqvist and Ohlson 1972). - 

McNaughton (19762)describes two centres of origin for B. campestris. 

The Mediterranean area is thought to be the primary centre of European 

forms, while eastern Afghanistan and the adjoining portion of Pakistan 

is considered another primary centre. Anderson and Olsson (1959) 

recognised three main groups within B. campestris: Asiatic, 

Mediterranean and West European. All cultivated forms in the Indo- 

Pakistan subcontinent are annual types and it is probable that 

biennial forms arose in a more Mediterranean climate. In Southern 

Asia (India, Pakistan and Bangladesh) three races of B. campestris 

are grown, Brown Sarson, Yellow Sarson and Toria (Prakash 1980). 

King (1978) reports that Singh (1958) described eastern Afghanistan 

and North West India (now Northern Pakistan) as the centre of origin 

for the Brown Sarson, Brassica campestris Brown Sarson, which is 

believed to be the oldest type from which Toria developed, probably
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1969) and using the regression technique proposed by 

Finlay and Wilkinson (loc. cit.) the dynamic relationship between 

genotype and environment can be studied. This is accomplished by 

obtaining for each cultivar the linear regression of its mean on 

the mean of all cultivars in each environment. The regression lines 

and their standard errors are shown in Fig. 4.1. Regression 

coefficients of Bronowski, Gulle and Tower did not differ significantly 

from 1.0, Brutor had a regression coefficient b = 2.95 significantly 

higher than 1.0. The regression coefficient for Erglu was significantly 

less than 1.0. The nelevdesion coefficient of Janetski was however 

negative but it did not differ significantly (p>0.05) from a line 

of zero slope. 

4,4, Discussion 

»Soil effects were non-significant. Application of plant nutrients 

as fertilizer in B. napus can show considerable effects. Scarisbrick, 

Daniels, Chapman and Parr (1981) found a significant response to 

nitrogen application from 50 to 200 Kg/ha on dry weight and seed 

weight and, pod number per plant (from 100 to 200 Kg ha7+y and seed 

number per pod . Differences of 100 to 200 were not markedly 

‘bigger as compared with control(s) and 50 Kg ha? doses. Allen and 

Morgan (1975) also found significant effects due to nitrogen for seed 

weight and dry weight per plant comparing rates of O and 211 Kg ha? 

of nitrochalk, Scott, Ogunremi, Ivins and Mendham (1973b)found that 

nitrogen had a significant effect in increasing seed yield when 

added at rates in excess of 100 Kg ha, These workers used distinctly 

different doses of fertilizer and found significant effects (using 

standard errors to assess the data). Yet no effects of increased 

soil fertility were found in this experiment. In this investigation
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the plants became larger, and it may be that the differences in levels 

of nutrients which would have occurred at the beginning of the 

experiment were not maintained until its completion, and hence yield 

differences did not show up. 

Density effects were significant (p<0.05) only for seed weight 

per plant and dry weight per plant (Table 4.2). These results are in 

agreement with those of Degenhardt and Kondra (1981) who found that 

increased seeding rate resulted in a significant decrease in seed 

yield per plant and harvest index but there was no effect on 1000- 

seed weight. However, density did not affect harvest index in this 

study. 

Varieties differed significantly only in seed number per pod 

and 1000-seed weight which varied in opposite directions so that 

increase in one was accompanied by a decrease in the other (Table 4.2). 

Therefore these two characters in combination were responsible for the 

non-significance in seed weight per pod. As there were no significant 

differences for pod number per plant, so seed yield per plant did not 

show significant differences. These results were confirmed by 

examining correlation between the characters (Table 4.3). There was 

a significant negative correlation (p<0.01) between the two 

characters, a clear example of component compensation. 

Component compensation in spring oilseed rape was also observed 

with the experiments described in Chapter 2. But there is a 

difference in the mode of compensation between different components. 

In this experiment there were compensatory effects between seed 

number per pod and 1000-seed weight, whereas in the varieties 

examined in Chapter 2 1000-seed weight and pod number per plant 

were responsible for compensation. These results are in agreement 

with those of Clarke and Simpson (1978) who found that yield
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component compensation was evident in the relationship of 1000-seed 

weight to pod number, and number of seeds per pod. 

There is evidence from various experiments with various grain 

crops and with oilseed rape (Thurling 1974b) that yield component 

compensation is a widespread phenomenon. Yield component compensation 

may be expected either because the rate of supply of metabolites to 

the component system in which components share the common metabolic 

pool is limited, or because the supply of metabolites fluctuates in an 

oscillatory manner. These two factors are probably responsible for 

the yield component compensation found here. As the fertility levels 

were not high enough, plant nutrients and ie vaendiees may have been 

limiting during their development, and so could have been favouring 

component compensation. Where the supply of metabolites fluctuates 

in an oscillatory manner the reproductive phase involves a sequential 

development of inflorescences and pods within an inflorescences 

Therefore there is a steadily increasing demand for assimilates by 

the increasing number of pods and seeds in them resulting intense 

competition for assimilates. As the limited assimilate input would 

have to be partitioned among a greater anes of growing points, 

pods and seeds within a aa a proportionately smaller amount will 

be available to the seeds developing within a pod resulting ina 

competition and a negative correlation between these two characters 

(seed number per pod 1000-seed weight). Component compensation has 

been reported by other workers in B. napus (Tayo 1974, Thurling 

1974b, Degenhardt and Kondra 1981) and has been discussed in more detail 

in Chapter 2. 

Varieties did not differ significantly and no interaction term except 

density x soil for seed and dry weight was significant. However, 

when the analysis due to Finlay and Wilkinson (loc cit) was carried 

out for seed yield per plant strikingly different responses to changing 

experiments were found. Cultivar Gulle had an average response (b=1.11) and had
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a high overall mean yield (Table 4.2). Released in Sweden in 1969, 

it appears from these data to have good yield potential and a stable 

yield over a wide range of environments. Tower and Bronowski also 

had an average response over a range of environments, b not 

Significantly different from 1.0 and yield not significantly different 

from the environmental mean. Erglu and Janetski had a response well 

below the average (b not significantly different from zero) and 

based upon the arguments of Finlay and Wilkinson (loc cit) and 

Breese (1969) are specially adapted to low yielding environments, 

Brutor had a well above average response to environmental change 

and is clearly adapted only to highest yielding environments. It 

shows a high response to environmental change (b = 2.93), but has 

a comparatively low overall mean yield in this range of environments, 

These data suggest that the response of varieties to changing 

environments can be related to their origin. Austin, Bingham, 

Blackwell, Evans, Ford, Morgan and Taylor (1980) gave one of the 

main reasons for Aieterances in yield potential between old and new 

varieties in wheat as differences in fertility level. New varieties 

have been bred for continuously increasing fertility levels and 

sophisticated management practices. These conditions also seem to 

be applicable to the B. napus cultivars used here. Janetski is. 

an old variety having been bred in Germany in the nineteen thirties 

and released in 1942, At that time fertilizer input was low, and 

aeee such levels would be regarded as equivalent to poor soil 

fertility conditions. Its response to improving environments 

assessed from the Finlay-Wilkinson technique (F.W. technique) was 

so low that there was no change in its yield over a range of 

environments. Brutor on the other hand bred in the late seventies 

in France for high soil fertility levels currently recommended for 

*
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oilseed rape growth reaches its potential only in such high fertility 

levels. The remaining varieties were released in 1955, Bronowski, 

in Poland; 1969; Gulle, in Sweden; and 1974, Tower in Canada and 

showed a response to changing environments intermediate between 

the extremes of Janetski and Brutor. 

Genotype x environment interaction has been reported for many 

species. Rawat and Anand (1978) reported significant (p <0.05) 

variety x location interaction in B. campestris, (one of the parents 

of B. napus), for seed yield per plant but a non-significant interaction 

for seed number per pod and 1000-seed weight. The present data show 

no g x e effect for seed number per pod and 1000-seed weight. 

Degenhardt and Kondra (1981) using five genotypes, three sowing dates 

and three seeding rates found no interaction between sowing date and 

treatments for seed yield per plant or dry weight in B. napus 

cultivars, although seeding date by treatment interaction was 

significant for harvest index and 1000-seed weight. 

The results indicate that either this crop is highly plastic 

and does not show g x e or the euvtioomarts used were not sufficiently 

different to detect significant differences between varieties and 

interactions between varieties and environments. The fertility 

differences between the three soils used and the limited soil volume 

used per plot, may not have been sufficient to elicit differences 

in response. However, Allen and Morgan (1972) could not detect 

variety nor row width interaction with nitrogen applications in their 

experiment with two varieties of B. napus at three levels of nitrogen 

and two row widths. 

The experiment reported here was of limited size, 6 varieties x 

2 densities x 4 soil types, whereas Breese (1969) has suggested that 

a better indication of g x e may be obtained by increased number of
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varieties and cnvvonnentet combinations —- locations and years. 

Nonetheless the data do suggest that genotype x environment 

interaction may be of importance in the crop, and may be revealed 

by more extensive experiments. However, it is very clear that the 

crop shows extreme phenotypic plasticity which makes even the 

detection of varietal differences difficult.
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CHAPTER 5 

Dry Matter Accumulation and Variation in Seed Yield 

Components in Spring Oilseed Rape in Field Conditions. 

5el Introduction 

Seed yield per hectare is of major importance in the production 

of the oilseed rape crop. Yield depends upon the characteristics of 

the variety sown, and the agronomic practices under which it is grown. 

It is a well known fact that the response of different genotypes to 

one environment, or of a single genotype to different environments 

can be quite different. (Comstock and Moll 1963, Allard and Bradshaw 

1964, Bradshaw 1973). Fertilizer input and row width are the main 

factors which can easily be controlled by the grower. Fertilizer is 

of critical importance for improving production on inherently poor 

soils, and on soils depleted of nutrients through years of removal 

by crete in percolating drainage waters or by erosion. Nutrient 

balance is also extremely important for crops such as rapeseed 

(Ukrainetz, Soper and Nyborg 1975). The number of plants per hectare 

which depends on row spacing “is another variable which can affect 

agronomic practices and hence, indirectly, yield. Wider row spacing 

is best for direct combining whilst close drilling gives protection 

against pigeons (Moore 1976). 

An evaluation of the effect of fertilizer application and row 

width on seed yield per plant and yield pa are can improve the 

efficiency of a plant breeding programme in bringing about increase 

in production per hectare. “Significant effects of nitrogen application 

in B. napus were observed for total plant dry weight and pod dry 

weight by Allen, Morgan and Ridgman (1971). Soper (1971) reported 

that rape (Bo napus ) responded to N added to soils containing less
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than 100 Kg ha N, responded to added P in soils containing less 

than 100 ppm P (Na HCO, extractable), and responded to added K when 

soils had 35 or less ppm of K (ammonium acetate-extractable). Kondra 

(1975, 1977) found that seeding rate in B. napus had a significant 

but variable effect on dry matter yield per plant. Degenhardt and 

Kondra (1981) reported that there were Significant differences due to 

genotypes for harvest index, seed yield per plant, 1000-seed weight 

and plant height and that increased seeding rate resulted in a 

significant decrease in harvest index, seed yield per plant and plant 

height, but it had no significant effect on seed yield per unit area 

and 1000-seed weight. | 

On the other hand seed yield depends on its components (Olsson 

1960) ice. number of pods per plant, seed number per pod, and 1000- 

seed weight. So the relationships between seed yield and its components 

are important. In oilseed rape cee napus) positive correlations 

between seed yield and yield components were found by Thurling (1974b) 

and Campbell and Kondra (1978). 

The object of this experiment was to investigate the response 

of four varieties of spring oilseed rape to three levels of fertilizers 

at two densities (row spacings) in field conditions. Response was 

assessed using dry matter and seed production per plant and their 

relationships to yield components. 

5.2 Materials and Methods 

The experiment was conducted in the field at the Liverpool 

University Botanic Gardens, Ness, using four spring varieties of oilseed 

rape, Bronowski, Erglu, Gulle and Orpal. Bronowski, Erglu and Gulle 

were used in the experiment described in Chapter 4 (Table 4.1). Orpal 

x
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is a high yielding variety recently released (1978) in France. 

The experiment was laid out as a randomised gausiehe: Biver 

design, with three replications, There were three fertilizer levels: 

(4) 100 Kg ha™+ of Nitrochalk (26% N) + 100 Kg ha”? of ICI No. 10 

(0 N:24 P.0.:24 K,0) denoted as Fl treatment, (ii) 200 Kg na? of 2°5 
Nitrochalk + 150 Kg ba of ICI No. 10 (F5) and (iii) 300 Kg ha of 

Nitrochalk + 200 Kg ha” of ICI No. 10 (F,). All ICI No. 10 and half 

of the nitrochalk was applied in the seed bed; the remainder was applied 

as a top dressing just before anthesis. 

Seeds were sown at two row spacings, 15 cm (density D,) and 7.5 cm 

(D,) between rows. Ten 3.5 m long rows of each (variety x F x D) 

treatment were sown on 20.5.79 and 1 a” plots of spare material were 

sown on the same date for each variety. All the treatments were 

assigned at random to the plots. Sowing was done using a hand operated 

belt driven seed drill set to put 3 seedsper hill with 3 cm spacing , 

within a row. Germination was completed within two weeks. Germination 

as a whole was poor but cultivar Gulle showed extremely poor germination 

throughout the treatments and therefore had to be abandoned leaving 

three varieties in the experiment. Plants from the plots of spare 

material were transplanted to fill gaps in the experiment. Even 

where germination was adjudged to have been adequate, one replication 

had to be discarded and it was only possible to maintain six adjoining 

rows from the ten sown in each treatment. After transplantation 

Basudin was applied for the control of cabbage root fly. Hand 

weeding was carried out three times during the experiment. In July 

the weather was dry (Appendix 1, page188) and the experiment was 

hand watered. 

Five harvests of 10 plants (30 cm lengths) were taken at random 

from the two central rows of each plot at fortnightly intervals starting


