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ABSTRACT: The experiment was conducted in 2010-2011 at Isfahan Agricultural Research Station as a 
split plot layout within a randomized complete block design with three replications. Main plots were two 
planting dates (27 September was normal cropping and 27 October was relay cropping), subplots were 
inclusive of species B. napus (Option 500, Hyola 330, Hyola 401, Sargol, Modena, SLM 046, Opera, 
Zarfam and RGS003), two varieties of B. rapa (Echo and Park land) and one variety of B. juncea (Land 
race). Planting date had significant effect on LAI, seed yield, a thousand grain weight, biological yield, 
harvest index, Oil percentage and oil yield. The effect of cultivar was significant on LAI, seed yield, the 
number of seed per pod, a thousand seed weight, biological yield, harvest index, oil percentage and oil 
yield. The highest seed yield, biological yield, harvest index and oil yield was obtained by Zarfam and 
Opera at normal planting date and the maximum seed yield and oil yield was related to Slm046 at relay 
cropping. Oil yield in Zarfam, Opera and Slm046 was 1662, 1587 and 1578 kg/ha. The interaction 
between planting date and cultivar had significant effects on the number of days from planting to stem 
elongation, light interception, light depreciation and LAI. The best cultivar in normal planting date were 
Zarfam and Opera and in relay cropping was SLM046 that these cultivars with suitable growth length, 
could provide appropriate conditions to intercept light. 
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INTRODUCTION 

 

 In many parts of the world, many species of the genus Brassica are consumed as vegetable (Singh et al. 2000, 
Thomson et al. 2007, Ahmad et al. 2007, Yadav et al. 2013), or use up as for its oil (Pass et al., 2001). Chauhan 
and Kumar (2011) and Beig Mohammadi et al. (2012) noted that in the past two decades, production of Brassica 
oilseeds has become second only to soybeans as a source of vegetable, moreover canola oil is now claimed to be 
one of the best nutritious edible oils available. Since 1996, the production of oilseed crops such as soybean, 
canola, sunflower, safflower, sesame and cottonseed has increased in Iran (Majnoun Hosseini et al. 2006). Yield 
response of rapeseed varies with different environmental variables, including planting date, plant density, cultivars, 
soil type, N feritilizer, residual fertility and etc (Sardana and Sheoran 2011). Laaniste et al. (2008) reported that the 
optimal sowing date of winter oilseed rape under Nordic climate conditions was mid August. In their study, those 
plants also gave higher yield (1748 kg ha

-1
), compared with the plots sown early pr later in August. Kumar et al. 

(2002) reported that the relay cropping of wheat followed by transplanted mint had the highest productivity, 45% 
higher than that of co-cultivated wheat and mint. There is considerable yield variation among species, namely, 
Brassica Camperstirs, Brassica Juncea, Brassica Napus and Brassica Carinata (Nada et al. 1995). Richter et al., 
(2010) reported that rapeseed (Brassica napus) oils differing in cultivars and sites of growth. The relationship 
between planting date and yield potential was reported (Nielsen et al. 2002). Sowing date can play a major role in 



Intl J Farm & Alli Sci. Vol., 2 (12): 329-333, 2013 

 

330 
 

determining the seed yield and quality in region. Numerous research studies for different climates have shown that 
sowing date influences the growth, seed yield and quality of some oil crops such as rapeseed (Taylor and Smith 
1992, Hocking 2001, Miralles et al. 2001). Degenhardt and Kondra (1981) suggested that delayed seeding resulted 
in significant decrease in seed yield, harvest index. Canola cultivars, low in erucic acid and glucosinolates, are very 
different from high erucic acid rapeseed oil in chemical, physical and nutritional properties (Beig Mohammadi et al. 
2012). Limited natural resources in the arid regions necessitate the improvement of agricultural productivity to meet 
the increasing demand for food (Sultan and Ziadat 2012). To achieve this, appropriate planting date and cultivars 
are required. So, the aim of this study was to Study the effects of relay cropping on yield and yield components of 
different species of Brassica under semi arid climatic condition of Isfahan province, Iran. 
 

MATERIALS AND METHODS 
 

 In order to evaluate the effects of relay cropping on yield and yield components of 12 varieties of winter canola, 
an experiment was conducted in 2010-2011 at Isfahan Agricultural Research Station (32

o
 30

/
 S, 51

o
 49

/
, 1541 

meter above the sea surface) as a split plot layout within a randomized complete block design with three 
replications. Main plots were two planting dates (27 September was normal cropping and 27 October was relay 
cropping), subplots were inclusive of species B. napus (Option 500, Hyola 330, Hyola 401, Sargol, Modena, SLM 
046, Opera, Zarfam and RGS003), two varieties of B. rapa (Echo and Park land) and one variety of B. juncea 
(Land race). Long term average precipitation was 150 mm and this area is semi arid. Soil analysis was done before 
beginning of study at two depths (0-30 cm and 30-60 cm). Electrical conductivity of soil at 0-30 and 30-60 cm was 
1.7 and 1.6 dS m

-1
, respectively. The nitrogen fertilizer was used from urea (50 percent before planting and 50 

percent in the beginning of reproductive phase). The nitrogen fertilizer used was urea. The soil preparation 
consisted of mouldboard ploughing (20-25 cm) followed by discing and smoothing with a land leveler. At ripening 
stage with Lutron-101, solar radiation absorption was evaluated. Leaf area of leaves was measured using leaf area 
meter (Portable Model C1-201). For determination of solar radiation absorption (A), equation number 2 was used, 
before it, light transmission was evaluated (Equation number 1). Twenty pods from 10 selected plants were 
selected and the number of seeds was calculated. Canola seed yield was determined after oven drying for 48 h at 
75

o
C. Harvest index was computed as the ratio of the seed yield to aboveground dry matter at harvest. Oil content 

was determined by nuclear magnetic resonance analyzer (NMR). The objectives of this study were (1) to determine 
the effects of relay cropping on seed yield and oil content of different species of Brassica, and (2) to determine the 
sustainability of Brassica as industrial crops under semi arid climatic condition of Isfahan province, Iran 3) survey 
the influence of relay cropping on solar radiation absorption and light interception of different cultivars. Analysis of 
variance (ANOVA) was used to determine the significant differences. The Duncan 

,
s Multiple Range Test was used 

to perform the separation of means (5% level probability). All statistics was performed with MSTAT-C program 
(version 2.10).  
 
T=1/10 × 100                                                      (1) 
A= 100 – T                                                         (2) 
  

RESULTS AND DISCUSSION 
 

 Planting date had significant effect on all experimental parameters, expect of the number of days from stem 
elongation to ripening. The effects of cultivars were significant on the number of days from planting date to stem 
elongation, the number of days from stem elongation to ripening, light interception, light depreciation and LAI. The 
interaction between planting date and cultivar had significant effects on the number of days from planting to stem 
elongation, light interception, light depreciation and LAI (Table 1). The highest number of days from planting to 
stem elongation (165.5), from 50% of flowering to 100% flowering (15.8), from beginning of stem elongation to 
ripening (29.14), from stem elongation to ripening (62.17) and from planting to ripening (227.7) was obtained by 
27th Sep. light interception was decreased significantly, when plantation was changed from 27th Sep to 27th Oct. 
The highest light depreciation was related to 27th Sep (0.621), and the lowest one was related to 27th Oct (0.544). 
The maximum LAI was related to 27th Sep (3.07). Wang et al. (2001) reported that the amount of radiation that 
may be absorbed by a plant canopy is strongly related to the vegetative cover or LAI. There was significant 
difference in LAI, between 27th Sep and 27th Oct (Table 2). Light interception is a function of the leaf area (Collino 
et al. 2001). The highest light interception was obtained by RGS003 (96.2). The light interception in Zarfam was 
95.1%. The maximum and minimum LAI, was related to Zarfam and Parkland, respectively (Table 2). Faragi (2003)  
in his experiment on early maturation cultivars, reported that cultivars had significant effect on phonological traits, 
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Hyola308 and Syn-3 were complete their life cycle form emergence to start of flowering, and the highest number of 
day from emergence to start of flowering was related to Dakini cultivar, In his study, Dakini had highest maturity 
duration among all cultivars. Also, changing the number of growing days to flowering stage can help the crop to 
adapt to specific environments, more quickly. Also, changing the number of growing days to flowering stage can 
help the crop to adapt to specific environments, more quickly.  
 
Table 1.  Analysis of variance for the number of days from planting to stem elongation, 50% of flowering to complete flowering, beginning of 
stem elongation to ripening, planting to ripening, maximum percentage of light interception, light depreciation and Effective LAI 

S.O.V d.f 
planting to 
stem 
elongation 

50% 
flowering 
to 100% 
flowering 

beginning 
of stem 
elongation 
to ripening 

Stem 
elongation 
to ripening 

planting 
to 
ripening 

light 
interception 

Light 
depreciation 

LAI 

Replication 2 40.5 113
* 

1.0 100.3
* 

2.4 104.4
** 

0.004
** 

2.39
* 

Planting 
date 

1 8712
** 

475.3
* 

25.7
* 

3.1 9054.1
** 

783
** 

0.106
** 

16.38
** 

Error (a) 2 45.8 35.3 1.4 38.8 0.3 0.1 0.0001 0.08 
Cultivar 11 441.6

**
 24.4 93.4 259.6

** 
55.1 24.9

** 
0.003

** 
0.47

** 

Planting 
date× 
Cultivar 

11 64.1
** 

110.6 54.2 72.4 23.8 24.3
** 

0.002
** 

0.35
** 

Error (b) 44 12.9 98.6 63.4 39.5 42.4 3.7 0.00005 0.005 
*
significant at 0.05 significance in F-tests 

**
significant at 0.001 significance in F-tests 

 
Table 2.   Mean comparison for the number of days from planting to stem elongation, 50% of flowering to complete flowering, beginning of stem 
elongation to ripening, planting to ripening, maximum percentage of light interception, light depreciation and Effective LAI 

Treatment 
planting to 
stem 
elongation 

50% 
flowering to 
100% 
flowering 

beginning of 
stem 
elongation to 
ripening 

Stem 
elongation to 
ripening 

planting to 
ripening 

light 
interception 

Light 
depreciation 

LAI 

Planting date         

27 
September 

165.5a 15.8a 29.14a 62.17a 227.7a 96a 0.621a 3.07a 

27 October 143.5b 10.7b 27.94a 61.75a 205.3b 89.4b 0.544b 2.11b 
Cultivar         

Option500 150.7de 13.7a 33.5a 67abc 217.7a 91.1cd 0.614a 2.34d 
Hyola330 152.3cd 15.0a 31.5a 63.2abcd 215.5a 94.8ab 0.597b 2.84b 
Hyola401 153.5cd 15.3a 24.7a 63.8abcd 217.2a 90.8d 0.566de 2.62c 
Sargol 150.0de 11.3a 30.2a 63.8abcd 213.8a 92.2bcd 0.565e 2.58c 
Modena 166.5a 13.0a 25.8a 53.8d 220.3a 90d 0.571de 2.33d 
Sim046 163.2ab 11.3a 30.0a 54.5d 217.7a 94.6abc 0.571de 2.86b 
Opera 165.0a 11.2a 23.3a 52.3d 217.3a 91.8abc 0.554f 2.39d 
Zarfam 157.7bc 13.3a 29.2a 58.8dbc 216.5a 95.1ab 0.568de 2.90b 
RGS003 149.2de 17.7a 26.8a 68.8ab 218.0a 96.2a 0.619a 2.09a 
Park land 138.3f 11.7a 23.5a 70.0ab 208.3a 90.6d 0.589bc 2.20e 
Echo 145.5e 13.8a 35.8a 70.8a 216.3a 92.1bcd 0.596b 2.35d 
Land race 162.2ab 11.5a 28.3a 56.7cd 218.8a 92.6bcd 0.579cd 2.20c 

Common letters within each column do not differ significantly 

 
 Planting date had significant effect on LAI, seed yield, a thousand grain weight, biological yield, harvest index, 
Oil percentage and oil yield. The effect of cultivar was significant on LAI, seed yield, the number of seed per pod, a 
thousand seed weight, biological yield, harvest index, oil percentage and oil yield. The effects of interaction 
between planting date and cultivar on LAI, seed yield, a thousand seed weight, biological yield, oil percentage and 
oil yield were significant (Table 3). The highest LAI was obtained by 27th Sep (4.29). There was significant 
difference in LAI between 27th Sep and 27th Oct. Zarfam had obtained the highest LAI (5.07). Seed yield was 
significantly changed, when plantation on 27th Sep was changed into 27th Oct. The maximum seed yield was 
related to Zarfam (3605 kg/ha), and the minimum one was obtained by Echo (1557 kg/ha). The highest number of 
seer per pod also was related to 27th September, but the maximum a thousand seed weight was obtained by 27th 
October. The number of seed per pod and a thousand seed weight in Zarfam was 16.51 and 3.89, respectively 
(Table 2). The highest biological yield and harvest index was related to 27th Sep and 27th Oct, respectively. 
Zarfam also had obtained the maximum harvest index. In the view of the sensitivity of rapeseed to climatic factors 
especially to photoperiod and temperature, it is essential that sowing should be done on time, so that there have 
enough time for vegetative growth. There was significant difference in oil yield and oil percentage between 27th 



Intl J Farm & Alli Sci. Vol., 2 (12): 329-333, 2013 

 

332 
 

Sep and 27th Oct. With changing planting date, each plant changed oil yield. The highest oil yield was related to 
27th Sep (1337 kg/ha). The maximum oil yield was obtained by Zarfam (1662 kg/ha) (Table 4). 
 

Table 3. Analysis of variance for experimental characteristics 

S.O.V. d.f. LAI Seed yield 

The 
number of 
seed per 
pod 

A thousand 
seed weight 

Biological yield 
Harvest 
index 

Oil percentage Oil yield 

Replication 2 4.4
* 

91083 13.1 0.139
* 

7381 0.001 13.3
* 

18463 
Planting date 1 20.1

** 
4409935

* 
72.9 1.198

** 
347978142

** 
0.041

* 
9

* 
1092310

* 

Error (a) 2 0.07 184019 30.4 0.006 1598756 0.001 0.3 41174 
Cultivar 11 1.3

** 
3300134

** 
42.2

** 
5.335

** 
11093274

** 
0.016

** 
80.3

** 
899676

** 

Planting date× 
Cultivar 

11 0.6
** 

326046
** 

1.3 0.153
* 

3557811
** 

0.002 5.2 84928
** 

Error (b) 44 0.003 115536 2.6 0.072 1100731 0.001 6.9 26216 

  *
significant at 0.05 significance in F-tests 

**
significant at 0.001 significance in F-tests 

 
Table 4. Mean comparison for LAI, seed yield (kg/ha), the number of seed per pod, a thousand seed weight (g), biological yield (kg/ha), harvest 

index (%), oil percentage and oil yield (kg/ha) 

Treatment LAI Seed yield 
The number 
of seed per 
pod 

A thousand 
seed weight 

Biological yield 
Harvest 
index 

Oil percentage Oil yield 

Planting date         

27 September 4.92a 2966a 15.03a 3.09b 13773a 21b 44.3a 1337a 
27 October 3.87b 2471b 13.02a 3.35a 9377b 26a 43.5b 1091b 
Cultivar         

Option500 3.78h 2490d 14.01cde 4.24a 9893d 25bc 44.7ab 1117c 
Hyola330 4.73c 3140abc 13.52cde 3.97ab 12320abc 26abc 47.2a 1485ab 
Hyola401 4.46de 298abcd 14.35bcd 3.95ab 13110ab 24bc 46ab 1373abc 
Sargol 4.51d 2550cd 14.88bcd 3.3cd 11870abc 22cd 45.7ab 1169c 
Modena 4.02g 2655bcd 17.16ab 2.92d 10560cd 25bc 45.9ab 1222bc 
Slm046 4.95b 3585a 17.84a 3.71bc 12930ab 29ab 44ab 1578a 
Opera 4.28f 3445a 15.62abcd 3.61bc 11140bcd 31a 45.9ab 1587a 
Zarfam 5.07a 3605a 16.51abc 3.89ab 13210a 28ab 46.1ab 1662a 
RGS003 4.97b 3205ab 13.44de 3.72gc 12910ab 25bc 45.7ab 1464ab 
Park land 3.72h 1658e 10.03f 2.07e 9650d 17de 41.9bc 698d 
Echo 3.93g 1557e 9.56f 1.67ef 9753d 16de 39.4c 614d 
Land race 3.37e 1748e 11.40ef 1.57f 11560abcd 15e 34.5d 599d 

Common letters within each column do not differ significantly 

 
CONCLUSION 

 
 Delayed maturity and light interception to be the most important parameters for obtaining higher seed yields 
(Patel et al. 1999). The highest seed yield, biological yield, harvest index and oil yield was obtained by Zarfam and 
Opera at normal planting date and the maximum seed yield and oil yield was related to Slm046 at relay cropping. 
The growth and productivity of crops depend on the elements of the physical environment in a particular 
ecosystem. Temperature is an important factor that affects crop growth. Yield of crop can be taken as a product of 
solar radiation dependent (Saha and Ghosh 2012). 
 

REFERENCES 
 
Ahmad G., Jan, A., Arif, M., Jan, M.T., and Khattak, R.A. 2007. Influence of nitrogen and sulfur fertilization on quality of canola (Brassica napus 

L.) under rainfed conditions. Journal of Zhejiang University Science. 8(10): 731-737. 
Beig Mohammadi Z., Maghsoudlou, Y., Safafar, H., and Sadeghi Mahoonak, A.R. 2012. Physicochemical properties and stability of oil extracted 

from three canola cultivars grown in Golestan province of Iran. J. Agr. Sci. Tech. 14: 577-586. 
Chauhan J.S., and Kumar, S. 2011. Assessment of oil and seed meal quality parameters of rapeseed-mustard group of crops. Indian Journal of 

Agricultural Sciences 81(2): 140-144. 
Collino D.J., Dardanelli, J.L., Sereno, R., and Racca, R.W. 2001. Physiological responses of argentine peanut varieties to water stress. Light 

interception, radiation use efficiency and partitioning of assimilates. Field Crops Research. 70: 177-184.  
Degenhardt D.F., and Kondra, Z.P. 1981. The influence of seeding date and seeding rate on seed yield and yield components of five genotypes 

of Brassica napus. Canadian Journal of Plant Sciences. 61: 175- 183. 
Faragi A. 2003. The effects of planting date and plant density on Brassica Oilseeds. Iranian Journal of Crop Science. 5(1): 64-73 (in Persian 

language). 
Hocking D.J. 2001. Effect of sowing time on nitrate and total nitrogen concentrations in field-grown canola (Brassica napus L.), and implications 

for plant analysis. Journal of Plant Nutrition. 24: 43-59. 



Intl J Farm & Alli Sci. Vol., 2 (12): 329-333, 2013 

 

333 
 

Kumar S., Bahl, J.R., Bansal, R.P., Gupta, A.K., Singh, V., and Sharma, S. 2002. High economic returns from companion and relay cropping of 
bread wheat and menthol mint in the winter-summer season in north Indian plains. Industrial Crops and Products. 15: 103-114. 

Laaniste P., Joudu, J., Eremeev, V., and Maeorg, E. 2008. Effect of sowing date and increasing sowing rates on plant density and yield winter 
oilseed rape (Brassica napus L.) under Nordic climate conditions. Acta Agriculture Scandinavica Section B-Soil and Plant Science. 
58(4): 330-335. 

Majnoun Hosseini N., Alizadeh, H.M., and Ahmadi, H.M. 2006. Effects of plant density and nitrogen rates on the competitive ability of canola 
(Brassica napus L.) against weeds. J. Agric. Sci. Technol. 8: 281-291. 

Miralles D.J., Ferro, B.C., and Slafer, G.A. 2001. Developmental response to sowing date in wheat, barley and rapeseed. Field Crops Research. 
71: 211-223. 

Nanda R., Bhargava, S.C., and Rawson, H.M. 1995. Effect of sowing date rates of leaf appearance, final leaf numbers, and areas in Brassica-
Camperstirs, Brassica-Juncea, Brassica-Napus, and Brassica-Carinata. Field Crops Research. 42(2-3): 125-134. 

Nielsen R.L., Thomison, P.R., Brown, G.A., Halter, A.L., Wells, J., and Wuethrich, K.L. 2002. Delayed planting effects on flowering and grain 
maturation of dent corn. Agronomy Journal. 94: 549-558. 

Pass C., Warick, S., and Keller, W. 2001. Brassicaceae (Cruciferae) family, plant biotechnology and phytoremediation. International Journal of 
Phytoremediation. 3(3): 245-287. 

Patel N.R., Mehta, A.N., and Shekh, A.M. 1999. Changes in radiation-use efficiency under different environmental conditions in rainfed 
pigeonpea (Cajanus cajan). Indian Journal of Agricultural Sciences. 69(4): 410-415. 

Richter E.K., Spangenberg, J.E., Kreuzer, M., and Leiber, F. 2010. Characterization of rapeseed (Brassica napus) oils by bulk C, O, H, and fatty 
acid stable isotope analyses. Journal of Agricultural and Food Chemistry. 58(13): 8084-8055. 

Saha R., and Ghosh, P.K. 2012. Relationship between growth and yield of toria (Brassica rapa var napus) with thermal indices under residue 
management and sowing practices in hill ecosystem of north-eastern India. Indian Journal of Agricultural Sciences. 82(8): 686-691. 

Sardana V., and Sheoran, P. 2011. Production potential of canola oilseed rape (Brassica napus) cultivars in response to nitrogen and sulphur 
nutrition. Indian Journal of Agricultural Sciences. 81(3): 280-282. 

Singh R, Rao V, Singh D. 2000. Relationship of yield and yield attributes with physiological traits in brassicaceae. Indian Journal of Agricultural 
Sciences 70(9): 581-583. 

Sultan K.A., and Ziadat, F.M. 2012. Comparing two methods of soil data interpretation to improve the reliability of land suitability evaluation. J. 
Agr. Sci. Tech. 14: 1425-1438. 

Taylor A.J., and Smith, C.J. 1992. Effect of sowing date and seeding rate on yield components of irrigated canola (Brassica napus L.) grown on 
a Red-Brown Earth in South-Eastern Australia. Australian Journal of Agriculture Research. 43(7): 1619-1641. 

Thomson C.A., Newton, T.R., Graver, E.J., Jackson, K.A., Reid, P.M., Hartz, V.L., Cussler, E.C., and Hakim, L.A. 2007. Cruciferous vegetable 
intake questionnaire improved cruciferous vegetable intake estimates. Journal of the American Dietetic Association. 107: 631-643.  

Wang D., Shannon, M.C., and Grieve, C.M. 2001. Salinity reduces radiation absorption and use efficiency in soybean. Field Crops Research. 
69: 267-277.  

Yadav S.K., Yadava, D.K., Vasudev, S., Yadav, S., Kumar, P.R., and Nigam, R. 2013. Assessment of seed quality and oil content in different 
branches of Indian mustard (Brassica juncea) cultivars at different storage intervals. Indian Journal of Agricultural Sciences. 83(2): 227-
233. 


