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ABSTRACT 

An experiment was conducted at the Agronomic field of Sher-c-[3angla 

Agricultural ( fnivcrsitv. Dhaa-1207 on silty clay loam soil during the period from 

October. 2004 to January. 2005 to find out the optimum row spacing and irngation 

level for the rapeseed line SAU-C-FT. The experiment was carried out with three row 

spacings (20 en), 30 ecu and 40 cm) and 3 levels of liTigation (no irrigation, one 

imgalioti at 30 DAS and two irrigations at 30 and 60 DAS). The experiment was laid 

out in split-plot design with four replications. 

Row spacing and liTigation level siniutcantly influenced the growth. 

development and yield of the rapeseed line. 

Arnon the row spacings. the widest spacing (40 cm) influenced plant to have 

maximum above ground fresh weight, dry matter and its partition, number of si liqtiae. 

number of seeds si liqua . ittiniher of seeds. number of branches. I 000-seed weight, 

seed yield and also seed yield ha . But, the rilaxinitini plant height and number of 

plait m was lounu ith closer row spacing (20 cm). NIaxununi seed yield plant at 

40 cm row spacing was 29.34% and 1.3% higher than 20 cm row spacing (S ) and 30 

cm row spacing (S2). respectively. 

two irrigation - one at 30 DAS (pre-flowering stage) and another at 60 DAS 

(sili(Ittae developmental stage) increased economic yield with higher values of harvest 

index as the yield attributes like branches plant'. si liquae plant". Geeds si liqua'. seed.'; 

plant'. 1000-seed weight. The number of plants m' was found similar tinder different 

irrigation level. The increased seed yield plant with Iwo irrigations was 364.6 

84.2% higher than no irrigation and one irrigation, respectively. 

In most of the cases the wider row spacing coupled with two irrigations were 

found to he influenced for better growth and yield of plant. The highesi seed yield per 

plant was found with the interaction of two irrigations and 40 cm row spacing. This 

was achieved due to maximum number of branches plant-', number of siliquae plant-' 

and 1000-seed weight. The yield attributes were supported with appreciable 

production of dry matter and its partition towards diflerent parts. 



Number of branches plani', number of siliquae plani', number of seeds 

siliqui', number of seed plani', 1000-seed weight had a significant correlation with 

seed yield planC' with the r values of 0.95*t, 0.97**, 0.67*, 0.96** and 0.94**. They 

were also positively correlated with each other. 
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cr(ir* 	
CHAPTER 1 

INTRODUCTION 

Rapeseed and mustard belong to the fiirnilv Crucil'crae are important oil 

crops and ctLrrentlV ranked as the worlds third important oil crop in terms of 

production and area. Among the species, Brassica napus and Brassica cwnpestns 

are regarded as rapesecd while Brassica funcea is regarded -,is 'mustard'. 

Worldwide the total annual production of lirassica is 44.41 million Loris of seed 

froni an area of 27.24 million hcctares (FAC. 2004). The rapeseeci and riiustard 

growing areas in Bangladesh with prodLiction and yield are shown in Appendices 

I. II. Ill and IV. Rapesced and mustard contain 40 - 45% oil and 20 - 25% protein 

in seed. 

l2dible oil is a hwh-energy coniponent of lood and meeting the calorie 

requirements of human nutrition. Each gram of oil supplies 9 kcal energy. whereas 

4 kcal energy conies from one gram carbohydrate or protein (Stryer. 1980). The 

chemical composition of seeds and oileake of firlissica is given in Appendix V. 

Bangladesh has been facing acute shortage of edible oil for the last several 

decades (BBS. 2004). According to the National Nutrition Council (NNC) of 

Bangladesh. the rccommendcd dietary allowance (RDA) is estimated to be 11 g oil 

capita' dayd for a diet with 2700 kcal (NNC, 1984). On the basis of RDA, 

Bangladesh requires 0.29 million tons of oil to meet the demand of her people 

(FAO. 199$). One-third of the total requirement of oil is meeting by local 

production of rapeseed and mustard (BBS. 2004). 



At present about 0.297 million hectares of land is under rapeseed and 

mustard cultivation in Bangladesh with a production of 0.211 million tons (BCA. 

2004). The average seed yield ofrapesccd and mustard is 0.71 haP ' in this country 

(BBS. 2004), which is far below the level as compared to that of the advanced 

countries like Belgium (4.7 t ha'). Denmark (3.6 t ha'), France (3.54 t hi'). 

Netherlands (3.47 t hi). U. K. (2.89 t ha'). Germany (2.80 1 hi'), Japan (2.16 

hi) and Poland (1 .86 t hi) according to the statistics of FAO (2001). The major 

reasons br such poor yield of rapeseed and mustard in Bangladesh may he 

attributed to lack of improved varieties and poor management practices in the 

franwrs' held. 

Bangladesh Agricultural Research Institute ( BARI  ) and Bangladesh 

Institute of Nuclear Agricul(ure (BINA) have released it nunincr of ne" high 

yielding varieties (hIYV) of these crops for farmers cultivation. The yield of I IYV 

cultivars ranucs from 1.4 to 2.1 I ha (BARI, 2002a). However the yields in 

farmer's fields are still low compared to their potentialities due to lack of proper 

management practices. Therefore, there is it scope to increase the yield level of 

HYVs with proper management practices like spacing, ilTigatlon, seed rate, 

fertilizer application etc. 

Establishment of optizmim plant population by maintaining proper row 

spacing is one of the important factors to secure a good yield in any crop. 

Population density can he adjusted by maintaining row spacing and distance from 

plant to plant. Optimum spacing cnsures proper growth, development and yield of 



the plant through efficient utilization of solar energy, nutrients and water. 

Moreover, determination of optimum spacing for different mustard varieties can 

help the engineers to make a design for the seed drill to thcilitate mechanical 

cultivation of the crop. Singh and Kumar ([990) found niaxinuim seed yield at 30 

cm x  15 cm spacing (22.22 plants n1) in Brassica campesir/s. Bhan ci at (1995) 

recorded higher seed yield of two varieties of both Brass/ca juncea and Brassica 

campc'stris with 44 plants m. 

Plant architecture is one of the phenological attributes of a crop that 

influences light interception through the crop canopy (Squire. 1990). ROW spacing 

indirectly may also influence plant architecture. Plant architecture and row spacing 

combitiedly affect light interception and its conversion efficiency (g \lJ ). 

Moreover, row spacing may also need to be adjusted to ttcilitatc mechanical 

weeding and other intercultural operations for better crop management and thus 

providing congenial production environment for better growth and higher yield of 

crop (Alani. 2004). 

In Bangladesh both rapesced and mustard are mostly grown on the residual 

soil moisture in rahi season (Kaul and Das, 1986). But irrigation is a vital factor 

for proper growth and development of these crops in dry season (Roy and Tripathi. 

19S5). The crop essentially requires water ranging from 60 to 169 mm throughout 

its life cycle (Rahman, 1989; Sarkar etal., 1989). In fact. Brassica is an irrigated 

crop since its yield is greatly increased by the presence of adequate soil moisture 

at dittcrcnt growth stages (Andrcws. 1972: Stngh and Yusuf. 1979; Singh and 

3 



Srivastava. 1936; Prasad and F.shanullah. 1988). Irrigation has been found to 

increase 1000-seed weight, number of siliquae planU1, number olseeds plant" and 

seed yield. (Shamia and Kuniar. 1989a) and harvest index (Shrivastava ci at.. 

1988) of this crop. Mondal ci at. (1983) reported that one irrigation at Ilowering 

and another at siliquac development stages gave the highest yield (2.56 t ha') 

irrigation has also an effect in increasing the fertilizer uptake (Reddy and Sinha. 

1987) thus increased bioniass. which ultimately increases the yield. In recent years 

in Bangladesh some promising varieties have been released which are being 

grown as irrigated crops. The promising rapeseed line SALI-C-F7  from Sher-e- 

BanA 	 D 	7B 	 pereny 	 mt  

is under observations with agronorilie nianagenients like cli iferent spacing and 

irrigation level before being relcascd by National Seed Board (NSB). 

Taking the above mentioned points in view, the present study was 

undertaken with the following objectives: 

a) to find out the suitable row spacing for the cultivation of the rapeseed 

line SAIJ-C-F7. 

h) to find ow the optimum number of irrigation for getting higher yield of 

that line. 

c) to study the combining effect of row spacing and irrigation level on the 

growth and yield of the line. 

4 
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CHAPTER 2 

REVIEW OF LITERATURE 

Rapeseed is in important oil crop in Bangladesh which can contribute to a 

large extent in the national economy. Bitt the research works done on this crop 

with respect to agronomic practices are inadequate. Only some limited studies 

have so far been done in respect of agrononlic management practices of the crop 

particularly the row spacing. However, a number of such studies have beenearned 

out in other parts of the world. Some of the studies relevant to the present line of 

work have been reviewed following the parameters of plant growth and yield. 

2.1 Effect of row spacing 

Many authors demonstrated the yield response of rapeseed and mustard to 

different levels of plant densities which differ with genotypes and growing 

conditions. 

Downey ( 1971 ) reported that optimum spacing or population density per 

unil area plays an important role in increasing yield. Grain yield can be increased 

by ratsi g plant population, but this relationship is parabolic. 

The yield performance of rapeseed in tropical and temperate countries with 

the closer spacing (200 to 300 plants m 2 ) was found to be higher in rapeseed 

(Kondra. 1975: Clark and Simpson, 1978). 

Elias ci a!, (1982) found that in different places of Bangladesh farmers 

generally practice broadcast method of seeding and used variable seed rate (5 kg 



to 20 kg ha5, irrespective of both traditional and improved varieties of rapeseed 

and mustard. In tine sowing. only row to row distance are maintained without 

looking into the number of plants per row. Over population within the rOW or 

plants per unit area create heavy competition for nutrition causing either reduction 

in growth and yield or death of plant. 

2.1.1 Ptant height 

Scarisbrick ci at (1982) stated a negative relationship between plant 

heights with higher plant density. McGregor (I 987) observed that when rapeseed 

was grown with 5 kg seed had  or with wider row spacing, plant height increased. 

\Vankhede cc al. (1970) reported that different levels of population derisit (PD) 

did not have any effect on the height of individual plant. 

Uddin cc al. (1992)    observed that seed rate did not have any signiFicant 

effect on the yiekl parameters hut plant height decreased as the seed rate was 

increased or spacing decreases. 

Chauhan et al. (1993) reported no significant effect of row spacing on the 

plant height of toria. They evaluated three row spacings viz. 20. 30 and 40 cm. 

The maximum plant height was found at 20 cm row spacing which was similar to 

the plant height found at 30 cm row spacing and lowest at 40 cm row spacing. It 

showed that plant height decrease with the increase of row spacing. 

Sliarrna and Thakur (1993) reported positive relationship between plant 

height and increasing row spacing of rapeseed. During 1988-1989 among three 

row spacings of 30, 37.5 and 45 cm for the sowing of rapeseed, they found the 

tatlest plant with 45 cm row spacing which was higher than 37.5 cm and 30 cm 

6 



row spacing. But the effect was not statistically intitLericing. 

Oud et at (2001) conducted a field experiment in Pakistan to dctemine the 

effect of row spacing on growth and yield of rapesced (B. napns).The 

homogeneous seeds of rape cv. P-53 were sown at 3 row spacing (30. 45 and 

00cm). They observed that plant height was aficeted significantly by row spacing 

and among them 60 cm row spacing produced the tallest plant. 

v1eitei c's at (2001) conducted a two year experiment to detennine the 

effects of spacing,  (66.6 cm < 66.6 cm. 50 cm x  50 cm, 50 em x  40 cm. -tO cm x 40 

cm. 50 cm x 25 cm, 40 cm x 25 cm and 25 cm x  25 cm) on the yield and yield 

components of /imssica juncea. They observed 66.6 cm row spacing resulted with 

the tallest plants. But, Butter and Aulakh (1999) reported that row spacing had no 

significant effect on plant height. 

Johnson and I lanson (2003) conducted a study to determine the interact ions 

for commonly used spacing with canola (Brmcica napus) performance using 

contemporary open-pollinated, hybrid and transgcnic cultivars. 'l'hey observed that 

row spacing and euttivar interaction were only significant for plant height. Shorter 

plants for the Ijrassica ;zzpa cultivars was found when grown at the narrower row 

spacing. but B. napus cultivars had similar plant height at both row spacings and 

the hybrid B. nczpus cultivar yielded greater than the open-pollinated cultivars. 

Seed yield and oil content, the primary characters determining crop value, were 

not affected by row spacing. 

The final plant height reflects the growth behavior of a crop. Besides 

genetic characteristics and environmental factors also play vital role in 

determining the height of the plants (Sana etal., 2003). 
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Plant height oirapcsced and mustard differs among the varieties depending 

(in their genetic makeup. There are three Species of eruci lernus Brass/ca viz. 

Brass/ca campestris. Brassica jiuzeca and Brassica 'zapus from one another with 

respect to plant growth, development and yield (Alam, 2004). 

2.1.2 Above ground dry weight of plants 

In rapeseed and inuscarcl more than 90% of the total dry matter (TDM) was 

accumulated during the reproductive period and one third of 1DM was partitioned 

into sccd yield (Chauhari and Rhargava. 1984). Scarisbrick ci al. (1982)   obtained a 

TDM yield of 1100 g rn 2  or less at a population density of 160 plants per n1. 

Khadcr and E3hargava (1985) investigated the dry matter accumulation. 

yield and yield components of /1rassica juncea and Brass/ca cciinpes!is in relauon 

to population density (15, 22 and 44 plants ni) under irrigated and unirrigated 

conditions. In both the species they noticed that only 10-15% of the Dv1 

accumulated before flowering and 85-90% of the DM accumulated after 

flowering. At maturity it was noticed that stems and sitiquae accumulated 43-5I 

and 48-57% of DM, respectively. They noticed that at preflowering stage 82-85% 

of the DN1 was in leaves and only 10-12% in sterns. In post flowering stage 41-

5S% in stem. 32-430,0 in sihquae and only 7-3% in leaves. Dry matter of leaves, 

stems and siliquae increased significantly with increased population density (PD) 

and irigation. They also concluded that total dry matter (TDM) can be increased 

by irrigation and increasing PD up to 44 plants rn 2  to attain higher seed yield. 

Chauhan e/ al. (1993) reported that total dry matter (TDM) of mustard 

differed significantly with row spacing where dry matter increased with the 
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increase of row spacing. It might be due to more branching and siliquac in wider 

space. Maximum dry veiglit per plant was lound from 40 cm row spacing while 

the lowest dry matter per plant was found with 20 cm row spacing. However. 30 

ciii row spacing gave moderate dry matter production. 

2.1.3 Number of branches per plant 

Number of branches per plant is the result of genetic make up of the crop 

and environmental con(litions, which ptays a remarkable role towards the final 

seed yield of the crop (Sana etal., 2003). 

\Vankhcdc ci at (1970) investigated that different levels of population 

density (PD) dtd not have any significant effect on the number of branches plant. 

Khader and l3tiargava (1935) conduc(ed an experiment with two varieties Of 

!Irassica jwcea and Brossica cainpesiris and found maximum number of 

branches plant-' at the population density of44 plants n12. 

Kumar and Gangwar (1984) planted B. campestns var. Toria at 20. 30 and 

40 cm apart rows and observed that number of primary and secondary branches 

plant"' were increased at 40 cm which gave over all poor growth of the plant. 

Gangwar and Kumar (1986) reported highest number of branches plant-1  at 

6.6 pLants m 1  in Brassica coinpc'szris var. Toria. 

Gupta (1988) conducted a field experiment to determine the effects of 

spacing (60cm x  5 cm, 50 cmx 5cm, 50 cmx 10cm, 40 cm x 10 cm, 40 cm x 15 

cm and 25 cm x 15 cm) on rapeseed and he reported that wider spacing (40 cm) 

increased the number of branches plant' 
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lomar (1989) conducted a study oil B. campc'S(flS var. Toria and found that 

when population density (PD) was maintained at 22.2 plants m that increased the 

number of primary and secondary branches plant"'. McGregor (1987) observed 

that the number of branches plant" increased when seed rate of rapeseed was 

maintained 5 kg ha 

Shrief ci al. (1990) maintained population density of 30. 60 and 90 plants 

ni for raIsing rapeseed and found positive response towards yield improvement. 

They reported that branch per plant was significantly superior to the plant density 

of 30 plants n12  compared to those at 60 and 90 plants rn 

('hauhan ci al. (1993) found significant differences among the row spacing 

(20. 30 and 40 cm) in relation to production of branches per plant of rapeseed. 

Among three row spacings 40 cm row spacing gave highest number of branches 

per plant white 20 cm row spacing gave minimum number of branches. 

Butter and Aulakh (1999) conducted study on Indian mustard cv. RLM 619 

and maintained 3 row spacings (IS, 22.5 and 30cm). They found that row spacing 

had no significant effect on the production of secondary branches plani. 

Oad c/ al. (2001) observed in rapeseed cv. P-53 that branches per plant 

were affected significantly by row spacings and among them 60 cm row spacing 

proved to be the best. The rape seed cv. P-53 was sown at 3 row spacing (30, 45 

and 60 cm). 

2.1.4 Number of sitiquae per plant 

Wankhede ci at. (1970) investigated that different levels of population 

density did not have any significant effect on the siliquae plant'' while it little bit 
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increase was noted with lower population. Mudolkar and Ahlawat (1981) reported 

that a density level with broadcasting was superior to seed drilling with 2 kg ha'' 

in 30cm apart in row in terms of number of siliquac plani'. 

Allen and Morgan (1972) found that the seed yield of Brassica species 

were dependent upon siliquae ni 2 . They also concluded that siliquae m or 

siliquac planC at the same population density (PD) seemed to be the detenninant 

Iltetor of seed yield. Vadav et at (1978) suggested that for ensuring high yield in 

I?. /uncea. the plant type should have more number of siliquae plauf. Tayo and 

Morgan (1979) also found the positive relations of row spacing with the number of 

siliquac in rapesced. 

Singh and Singh (I 984a) reported that lower density recorded higher 

number of sil iquae 	in rapesced. 

Gangwar and Kumar (1986) reported that lower population density (PD) in 

B. campcsu'is var.Toria increased the number of silLquae 	but it did not 

differ significantly at different density levels. 

Siiigh and Singli (1987) observed that higher seed yield was positively 

correlated with siliquae plani'. Ghosh and Chatterjee (1988) noticed that the 

higher seed yield of Indian mustard ('Bmssica juncea) was closely related with the 

number of sitiquae n1. McGregor (1987) observed with rapeseed that the wider 

spacing increased the number of siliquae plani'. 

Shriefct al. (t990) showed that number of siliquac in the main raceme was 

significantly superior in the plant density of 30 plants ni' 2  over 60 and 90 plants 

ni". 



Chaulian of at. (1993) reported that the number of siliquac per plant was 

significantly affected by row spacing. They found that number of siliquac 

increased with the increase of row spacing. The maximum number of siliquac per 

plant was lound from 40 cm row spacing and 20 cm row spacing gave lowest 

number of siliquae. Number of siliquae were found 24% more in 40 cm row 

spacing than those of 20 cm. 

Thakuria and Gogoi (1996) conducted a field experiment to evaluate 

Brass/ca jinicea CV. TM 2, TM 4 and \'anina at 2 row spacings (30 and 45 cm). 

ilic effects of cultivars and row spacing on seed yield and yield attributes was 

insit!niiicant. except siliquac plant" which increased tinder 45 cm row spacing. 

Binter and Aulakh (1999) conducted a study on Indian mustard cv. RIM 

619 and niaiivatncd 3 row spacings (15. 22.5 and 30 cm). They observed that row 

spacing had signi ticant effect on number of 51 liquae plant and found increased 

number ofsiliquac plant" with wider row spacing (40 cm). 

Row spacing has a remarkable effect in producing more number of fertile 

siliquae plant". Wider spacing facilitates favorable environment for producing 

more sil iquae than closer spacing (Siddiqui. 1999). 

Bilgili of aL (2003) observed a significant response between all yield 

contributing characters and seed yield of Brassica rapa I.. The number of siliquac 

per niain stem was affected by row spacing but not by the seeding rate. In contrast, 

the number of siliqune per plant clearly increased with increasing row spacing, but 

decreased with increasing seeding rate. 
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2.1.5 Number of seeds per siliqua 

The number of seeds per siliqua contributes materially towards the Imal 

seed yield in rapeseed. So. the number of seeds siliqua is an important yield 

attributes of rapeseed and mustard and row spacing is a vital factor in producing 

optiniuni number of seeds siliqua 

Singh and Singh (I 984a) reported that lower density recorded higher seeds 

siliqua than higher population density (PD) level. 

Tomar and Namedo (1989) concluded from a study On Brass/ca cwnpcsIrLc 

var. Toria that when population density (PD) was maintained at 22.2 plants iii ' 

increased the number of seeds siliquzi'. 

An increasing trend of seeds per siliqua was found from ider row spacing 

(Singh and Dh1lon. 1991). The) lound maximum number seeds of Tona per 

siliqua when row spacing was 45 cm than those of 37.5 cm and 30 cm row 

spacing. 

Shamia and Thakur (1993) found no significant effect of row spacing on 

seeds sil iqua of rapeseed. But they found higher number of seeds per siliqua with 

closer row spacing (30 cm). In another experiment 30 cm row spacing gave 

maximum seeds siliqua while 37.5 em and 45 cm row spacings gave lower 

number of seeds siliqua. 

Alt et al. (1996) found a significant difference in the number of seeds 

siliqua' with different population densities while working with rapeseed. They 

reported for the negative relation between the number of seeds siliqua' and 

population density. Rapeseed plant gave highest number of seeds per siliqua when 
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population density was 100,000 plants ha while lowest number of seeds siliquad 

was found from the population density of 1.000,000 plants had . 

Gurjar and Chauhan (1997) found maximum numbers of seed siliqua 

(11.89) in Indian niustard with 30 cm row spacing. But it was less than the number 

of seed siliquil' (11.74) produced at 45 cm row spacing. 

2.1.6 1000-seed weight 

The weight of 1000-seed expressed the magnitude of seed development 

that is an important yield determinant and plays a decisive rote in showing the 

yield potential of a vanetv. 

Patel of  al. (1980) conducted an experiment during 1977-I 9Th with 

rapeseed and reported about the positive relation between row spacing and 1000-

seed weight. lucy stated thai among 30. 45 and 60 cm row spacings 60 ciii row 

spacing gave highest 1000-seed weiszht than other row spacings, which indicated 

the lower 1000-seed weight with closer spacing. 

Singh and Stagh (1987) found no significant effect of row spacing on 

1000-seed weight of mustard. But the weight increased with the increase of row 

spacing and the highest seed weight was found from 60 cm row spacing and 30 ciii 

row spacing gave the lowest weight of 1000-seed. 

Singh and Dhi I ton ( 1991 ) also found an increase of 1000-seed weight with 

the increase of row spacing in lentil. They found maximum weight of 1000-seed 

with 45 cm row spacing while 37.5 cm and 30 cm row spacings produced lighter 

seeds. 
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Shaniia (1992) thund a significant increasing rate of 1000-seed weight with 

the increase of row spacing in different mustard varictics. He conducted an 

experiment with thur row spacing viz. 30.0, 33.5, 37.5 and 45.0 cm. Among all 

ro'v spacings maximum seed weight was found from 45 cmrow spacing which 

was significantly higher from others. Lowest seed weight was found from 33.5 cm 

row spacing. But, Watt and Singh (1992) reported that seed weight decreases with 

increasing row spacing from 20 to 30 cm. 

Chauhun ci at. (1903) reported a positive relation between row spacing and 

1000-seed weight. They found a signilicant effect of row spacing (20. 30 and 40 

cm) on I 000-seed weight of Toria. Among the row spacings 40 cm row spacing 

gave highest weight of 1000-seed while 20 cm row spacing gave lowest veigIit. 

Singh and Verma (1993) reported significant difference of I 000-seed 

weight with differeni row spacing (40. 50 and 60 cm). They reported that 1000-

seed weight increased during 1988-1989 and 1989- t 990 with 60 cm row spacing. 

Lowest test weight was found with 30 cm row spacing. Sharma and Thakur (1993) 

reported the si nii tar result. 

Singh ci al. (1994) observed heavier seeds of' mustard with 30 cm row 

spacing and smaller from 20 cm row spacing. 

2.1.7 Seed Yield 

Final seed yield per unit area of rapeseed is the cumulative effect of various 

yield components like number of siliquac per plant, number of seeds per siliqua, 

1000-seed weight etc. 
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Seed yield increased with increased plant population but this relationship 

was found parabolic (Downey. 197)). Donald (1963) and Stern (1965) found that 

at high plant density, growth was greatly reduced as inter plant competition 

developed earlier and became progressively more severe thus some plants would 

die ..As density increased beyond this point. DM production remained constant and 

(he grain yield gradually declined (Donald and Hamblin, 1976). 

Kondra (1975) showed that narrower row spacing (15 cm apart in row) at 3 

kg ha', recorded the highest seed yield. From other experiments, they concliLded 

that a i-ate of 6 kg seed ha' was optimum for maximum seed yield of Thvssica 

cui,ipCs!iiS. 

Shasirv and KtLn'iar (1981) obtained maximum seed yield of mustard when 

population was maintained as 14.8 plants n1. They also noticed that higher 

population density (PD) enhanced maturity that is on -.in average, crop took 5 to 10 

(lay-s less time to reach 50 pci-cent flowering, siliquae formation and completion of 

siliquae setting and 80 percent maturity. 

Mudholkar and Ahlawat (1981) reported that 16.6 plants m'1  was superior 

to drilling with 2 kg ha in 30 cm apart in row in terms of dry matter production 

and number of siliquae per plant but seed yield remained unalThcted. On the other 

hand, maximum seed yield was recorded from 22.2 plants ha" (Shinde and 

Borulakar, 1931). 

Scarisbrick et at (1982) observed negative relationship among stand 

establishment, plant height, plant weight and total dry matter (TDM) production 

with higher plant density levels. Seed yield did not increase when the crop was 

raised with 4.5 to 18.0 kg seed ha'1. Plant density at 54 plants 
111'

2  showed 
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nldximum seed yield per unit area in Brmsica napits. Girl and Gangasaran (1985) 

recorded significantly higher seed yield in Indian rape with the planting geometry 

oF 30cm 15 cm. 

Singh and Singh (I 984a) observed that when population density (PD) of 

33.3 plants rn 2  were maintained, it gave higher harvest index (HI), increased seed 

awl stover yield of Brassica campesnis var. Toria. Similarly. Chauhan e/ al. 

(1985) found a positive correlation between lii and higher seed yield of Toria. 

Gangwar and Kumur (1986) reported that PD at 16.6 plants rn 2  in lircissica 

cainpesiris var. Toria increased the number of branches plani', number of siliquac 

plant-  and I 000-seed weight which resulted in higher seed vield ha', but it did not 

differ significantly from the yield obtained at the density level of 22.2 plants in 

l3hati ci at (1987) conducted a study on Indiati mustard (Ijmssic? /uncc'cl) 

aflo drown at a plant spacing of 10, 15, 20 and 25 cm \vi lb 30 and 45 cm apart row. 

Thc' found that among, the spacing combination 30 cm x  IS cm gave the highest 

seed yield. 

Gupta (1988) recorded maximum seed yield of mustard when population 

size was maintained at 44.4 plants m 2. On the other hand, he found that wider 

spacing increased the number of branches and siliquae plant 
L  and 1000-seed 

weight but ultimately these could not improve the seed yield per unit area. 

Chavan ci at (1989) investigated that when mustard was planted 

maintaining a spacing of 45 cm x  1$ cm i.e. 15 plants n12  siguiificantly increased 

seed yield over the population density (PD) of 30 cm x 15 cm and 22.5 cm x 15 

cm i.e. 22 and 30 plants n12, respectively. 
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Tomar and Namedo (1989) concluded from a study on Bmxsica crnnpcstris 

var. Toria that when population density (PD) was maintained at 22.2 plants m. 

which increased the number of primary and secondary branches and siliquae plan( 

1. number of seeds siliquad and 1000-seed weight. These significantly increased 

the seed yield and higher oil content of Toria. 

El-Nakhlawy and El-Fawal ( 1991 ) found the effect of spacing on the yield 

of rape. In another experiment rape was grown on sandy soil in rows 20. 30 or 40 

cm aparL in two subsequent years in 1981-1985 and 1935-1986. They found that. 

in 1935, highest average seed yield at 40 cm spacing and in 1986 the highest yield 

at 30 cm spacing indicating significant effect of row spacing. 

Chauhaii ci cii. (1993) reported that seed yield of mustard was greatly 

mfluenced by row spacing (20. 30 and 40 cm). It was found that seed yield of 

Toria was highest with 30 cm row spacings. It was statistically different with the 

seed yield found by other row spacing. The lowest seed yield was found from 20 

cm row spacing which was identical with 40 cm row spacing. 

Khandcy ci ciL (1993) reported that densities of 44.4 plants n12  produced 

maximum seed yield than 33.3 and 66.6 plants 111*2. 

Sharma (1993) conduct a field experiment on sandy loam soil with four 

musiard UI. /uncea. cultivars sown in rows 22.5. 30.0, 37.5 and 45.0 cm apar. 

Irrespective ofeultivars. 37.5 cm row spacing gave the maximum seed yield. 

l3han ci cit (1995) observed that when mustard was grown at variable 

population density (PD), the higher density (20 cm x 10 cm) i.e. 50 plants n12  

produced higher seed yield ha than others. 
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Kalaria Ct al. (1997) conducted an experiment with mustard (Brassica 

/uncea) for comparing 2 row spacinL's (30 or 45 cm), 3 sowing patterns (tini torn) 

sowing. 3 rows followed by I missed row and 2 rows followed by 1 missed row). 

They observed that seed yield was higher for the narrow spacing along with 

i.ini iorni sowing. 

Shahidulla et at (1997) conducted a field experiment during 1994-1995 to 

observe the effect of row spacing and plant spacing on mustard (JJrassica 

cwnpes!ns). The treatments were with three row spacing (20, 30 and 40 cm) and 

four plant spacings (10. 15, 20 and 30 cm). They reported that 30 cm row spacing 

gave the highest seed yield with 15 cm plant spacing. Surya ci at (1998) reported 

similar result in rapeseccl. 

Khan and Muendel (1999) conducted ;in experiment on rape cv. Shtrake 

grown H) rows IS. 30 and 45 cm apart or sown as broadcast. They observed that 

row spacing of IS cm produced the highest seed weight and broadcasting 

accounted the lowest seed yield. 

Sahon et at. (2000) conducted a field experiment on Indian mustard cv. 

Chikaballpur local iii kharif season and found greater seed vield at closer spacing 

(30cm 	15c111). Chowdhury ci al. (1999) reported similar result in mustard. 

\Vaikowski (2001) conducted an experiment ofrapesced with different seed 

rates (80. 120. 160 and 200 sceds n12) and sowing dates (early sowing and two 

weeks delayed), lie reported highest yield with early sowing along with a 

variation of seed rate i.e. 120-160 seeds rn'2. 

Oad ee at (2001) conducted a field experiment in Pakistan to detennine the 

effect of row spacing on growth, yield and oil content of rape "flrassica napus). 
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The homogeneous seeds of rape cv. P-53 were SOwn with 3 row spacings (30. 45 

and 60 cm). They observed that days to maturity, plant height and branches. 

siliquac and seed weight per plant, seed inde, seed yield and oil contents were 

affected significantly by row spacing and among all 60 cm row spacing proved to 

be the best. 

Chaniura ci at (2002) conducted a field experiment to determine the 

effect of inter and intra row spacings on the yield of Indian mustard cv. Ciujarat 

Mustard-I. The inter row spacing treatments were 45. 60. 75 and 90 cm while 

intra row spacings IS. 20 and 25 cm. They found seed yield, gross and net returns 

were the highest at 45 and 15 for inter and intra row spacings. respectively. 

[3ehera ci at. (2002) conducted a field experiment to stUdY the effect of 

plant population on the yield of mustard (Brassica /zmcca) and found the 

I1laxinlum seed yield at the intcrinediate population level of 14.8 plants n1. 

Bilgili ci aL (2003) observed a signiFicant response between all yield 

contributing characters and seed yield in L?rassica rapa L. Seed yield was similar 

at all seeding rates. however, row spacing was associated with seed yield. The 

highest seed yield was obtained for the 35 cm row spacing. 

2.1.8 Stover yield 

Singh and Singh (I 984a) observed the highest harvest index and stover 

yield with population density (PD) of 33.3 plants n12. Chauhan ci at. (1985) found 

a positive correlation between 111 and seed yield of Toria. 

Chauhan et at. (1993) reported that stover yield of mustard was greatly 

affected by row spacing due to variation of the population per unit area. Among 
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three row spacings (20. 30 and 40 cm) 30 cm row spacing gave highest yield of 

stover. The second highest yield was obtained with row spacing of 40 cm which 

was sLatistically different with 30 cm row spacing yield. 

Ah ci al. (1996) reported that stover yield haS ' significantly difFered with 

different population density. They found maximum stover yield with (he 

populaiion density o1400.000 plants ha. The lowest stover yield was found from 

100.0(R) plants ha* The yield variation was clue to lowest number of plants per 

111111 area and vice versa. It indicated that the improvement in yield attributes at 

lower plant density was not reFlected by stover yield. 

2.1.9 Biological yield 

Singh ci of. (2003) reported that Indian mustard gave the highest total 

bionutss production at 45 cm row spacing over 30 and 60 cm row spact:wS. 

Ilowever, there was a scarcity of information regarding the biological yield due to 

spacing variation in rapeseed or imisiard cultivation. 

2.1.10 Harvest index 

The physiological efficiency and yielding ability of a crop plant are 

reflected with its harvest index value. The higher the value more will be the seed 

yield per unit of dry matter. 

Scarisbrick ci al. (1982) Lised variable seed rate for raising rapeseed and 

noticed that seed yield did not increase when the seed rate was raised from 4.5 to 

18.0 kg ha whereas 54 plants in-2  gave higher III value. 
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Shrief et at. (1990) reported higher seed yield of rapeseed along with 

higher harvest index where density was maintatned as 30 plants m 2. 

Singh and Verma (1993) reported that harvest index was not significantly 

influenced by row spacing diflerence. They found more harvest index of mustard 

from 20cm row spacing than that of 30cm row spacing. 

Plant density at different levels increased the harvest index of rapeseed (Au 

ci (i!.. 1996). Populations of 70 and 100 plants nf2  did not show sigiiiflcant 

difference in harvest index but 40 plants in' 	higher harvest index and higher 

seed yield. 

The above findings revealed that the yield of different rapeseed and 

mustard varielies differed among themselves due to their genetic ma&eup as 

expressed by the difference in their plani height. number of branches per plani. 

siliquae per plant. siliquac length, number of seed per plant and 1000-seed weight 

which were being optimized with proper row spacing maintenance. 
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2.2 Effect of irrigation level 

In strict sense Brassica is an irrigated crop (Andrews, 1972). Performance 

ol' Ibassica is greatly affected by irrigation. Seed yield of Brassica are greatly 

affected by water stress during flower iiitiatiOti and siliquae filling stage (Richard 

and Ihurl ng. 1978). 

Sirigh et al. (2002) tested four Brassica .cpp. (Jirassica carinata. Brassica 

/?G[)1IS. Bivssica /UI1CCU and Brassica canipestris) tinder 2 moisture regimes. i.e. 

normal irrigation (3 irrigations at branching, bolting and si I iquae filling stages) 

and limited irrigation (one irrigation at branching stage). Results revealed that 

growth, development and yield of all Brassica .cpp. were adversely affected under 

limited water conditions. This clearly indicates that yield expression of Brassica 

spp di hers under varying soil water regimes. 

2.2.1 Plant height 

Saran and Gin (1988) reported that plant height of rapeseed was found to 

be highest when one irrigation at 30 DAS was applied. But two irrigations applied 

at 30 and 60 DAS produced more plant height than tinder rainfed condition. There 

vas a significant relationship between irrigation levels and plant height. 

Siag ci al. (1993) found a relationship between irrigation levels and plant 

height of Toria. In an experiment plant height was increased with the increasing 

levels of irrigation. Plant height was greater with 2 irrigations at branching and 

siliquae development stage and it was the highest compared to one irrigation at 

branching stage and without irrigation. 
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2.2.2 Above ground dry weight of plants 

One irrigation at flowering stage was enough to increase theyield of dry 

matter in Brassica canipesiris (Maini ci al., 1965). Singli et at (1972) noticed that 

one irrigation at flowering stage of rapeseed was better than two irrigations - one 

at flowering and one at fruiting stage. Dalal ci al. (1963) suggested for one 

irrigation at the blooming stage in brown sarson (Brassk.a canilwstris var. Sarson). 

Saran and Gin (1988) found that dry matter in plant of mustard was 

sigitificantiv increased with the increasing levels of irrigation. But the differences 

were not significant. Highest dry matter accumulation was found with two 

iTivations. In some ol the cases, at the time of harvest dry matter was found to be 

the highest with one irrigation. 

Pacel ci at. (1991) found a significant difference in case of dry matter 

accumulation in mustard with the application of irrigation. One irrigation 

produced more dry matter. which was signi Ileantly higher than that was produced 

without irrigation. 

Tomer et al. (1992) found increasing dry matter production in mustard 

plant with increasing number of irrigation. They conducted an experiment with no 

irrigation, one irrigation at pre-flowcring and two irrigation (one at pre-fiowering 

and one at fruiting). Significant increase in dry matter was found with irrigation. 

The maximum dry mater production was found to be highest with two irrigations 

while one irrigation and control (no irrigation) produced lower dry matter per 

plant. respectively. 

Gill and Narag (1993) observed distinct differences in dry matter 

production after 70 DAS in case ol mustard, when differential irrigation schedules 
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were maintained. Three irrigations (one at 28 DAS and 2 at 80 mm cumulative pan 

evaporation, Clii) prOdlLCCd maximum dry matter. being significantly more than 

that produced by one and two irrigations at all the growth stages. 

Paul and Begum (1993) showed that total dry weight of different irrigation 

treannents at successive stage of growth of rapeseed was significant except the 

first harvest (38 DAS). The plant receiving continuous irrigation throughout the 

growing period had the highest dry weight while rainI'ed plant had the lowest total 

div weight. Among the remaining treatments, irrigation at 50% flowering stage 

proved to he (tic most important single irrigation treatment. Two irrigations also 

increased dry matter production. 

A held experiment was conducted by Mahal ci al. (1995) during the Rabi 

seasons Of 1987 and 1988  at Ludhiana. India, Toria was irrigated at 50. 60 or 

deplelion of available soil moisture. The dry matter of leaves, stems and siliquae 

of mustard increased with irrigation at lower depiction levels. 

RauL ci ill. (1999) studied the effects of irrigation (at pre-flowering and 

'v9 siliqua-setting stages. preflowering " 5001'0 flowering - siliqua setting stages. pre-

flowering - 50% flowering - seed-filling stages, and pie-flowering +50% 

flowering - sitiqua-settirig F seed filling stages) on the dry matter production and 

yield of Indian mustard cv. Pusa Bold. Trngatton once at pre11owcrEngF50% 

flowering - siliqita-sctting ± seed-filling stages gave the highest dry matter 

production at 30 and 60 days after sowing (DAS). Irrigation at pre-flowering 

* 	
--50% flowering + seed-filling stages gave the highest dry matter production at 90 

DAS and at harvest as well as the highest grain yield. 
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On the contrary. Gin (200 1 ) reported that dry matter per plant of rapeseed 

was not significantly increased with irrigation treatments. He conducted two 

experiments to find out the effect of irrigation on growth and yield of mustard. In 

1995-1996 total dry matter production was higher with two irrigations at flowering 

and siliquae development stage than the dry matter produced irrigation with one 

irrigation at tiowering stage. But in L996-1997, one irrigation produced higher dry 

matter production than two irrtgation. Those dry matter productions were not 

si Un I lie anti v (Ii ikrent. 

2.2.3 Number of branches per plant 

Clarke and Simpson (1978) observed in an analysis ol yield componcnts of 

rape under held conditions that irrigation scarcely afibeted the number of 

branches. 

Joarder ci al. (1979) workimz with mustard cv. Rai 7. Laha 101 and Rai 5 

cultivated under irrigated or rainfed condition observed that irrigation increased 

the number of primary and secondary branches per plant. 

Saran and (un (1988) reported for the maximum numbers of branches per 

plant of mustard with one irrigation at 30 DAS than two irrigations at 30 and 90 

DAS followed by no irrigation. Highest branches per plant were found with one 

irrigation whereas two irrigations and rainfed condition produced less number of 

branches per plant. 

Prasad and Ehsanullah (1988) reported that number of primary branches of 

mustard were signiflcantly increased with irrigation levels. They found maximum 

number of primary branches per plant with two irrigations at 30 and 60 DAS 
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%vhich was followed by one irrigation at 30 DAS and without irrigation, 

respective! y. 

Rathore and Pate! (1989) found the number of branches plant-' of mustard 

increased with increase in irrigation frequency. 

Patet ci cii. (199!) found that irrigation produced higher number of 

branches of mustard plant than unirrigated condition. In another experiment one 

irngalion produced significantly higher number of branches per plant compared to 

unliTigated control. 

Tomer ci al. (1992) concluded that branches per plant of rapeseed were 

significantly increased with irrigation. Branches per plant were highcst with two 

irrigation compared to one irrigation or without irrigation (control). They reported 

that branches per plant were highest when two irrigations were applied at pie-

flowering and fruiting stage. when one i rrigattOli was applied at prellowering 

stage it produced lower branches per plant. The least number of branches tsas 

produced at control treatment. 

Singh ci al. (1994) conducted a field trial with fircissicajuncea irrigated at 

50% flowering, at 50% flowering 509'o siliquae development, or given no post-

SO\Ving irrigations. They found the maximum branching with increased irrigation 

level. 

Gin (2001) showed that branches per plant increased with the increasing 

irrigation levels in mustard plant. He observed that when one irrigation was 

applied it produced more branches per plant compared to that of two irrigations. 

The difference was not significant. 
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2.2.4 Number of siliquac per plant 

Clarke and Simpson (1978) observed in an analysis of yield components of 

rape under field conditions for two years at Saskatoon, Canada that irrigation 

increased number of siliquac plant* 

Sharnia and Kumar (I 989b) found in another experiment with mustard that 

the number of siliquac plant' increased with increasing irrigation frequency. while 

irrigation was applied with zero and one level at the rosette or at siliquac 

1`01-11M6011 stage. 

(un (2001) found that in case of two irrigation 277 siliquac were found in 

mustard at flowering and siliquac forniaciori stage followed by 324 siliquac per 

plant with one irrigation at flowering stage. Rut the diffcrcncc was not significant. 

2.2.5 Number of seeds per suliqua 

Generally, seeds per siliqua increases with the application of irrigation in 

case of mustard. Clarke and Simpson (1978) also found the increasing number of 

seeds per si I iqua with irrigation than rai iled condition. 

Joarder ci al. (1979) conducted an experiment with mustard cv. Rai 7, Laha 

101 and Lii 5 cultivated under irrigated or rainfed condition observed that 

irrigation increased the number of seeds siliqua* and therefore, increased yield 

plant' and yield ha4  by 65 and 59% compared to the rainftd treatments, 

respectively. 

Prasad and Ehsanullah ([988) found an increasing trend of seeds siliqui' 

in mustard with irrigation levels. The maximum numbers of seeds per siliqua were 
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lound when irrigation was applied at 30 and 60 DAS. It was followed by irrigation 

at 30 DAS and without irrigation which produced lower seeds siliqua_' in 1984-85. 

In an experiment in 1985-1986, Saran and Girl (1988) found that maximum 

siliquac per plant were produced with two irrigations at 30 DAS and 90 DAS 

which was identical with the number of siliquae produced without irrigation 

(control). One irrigation at 50 DAS produced lower numbers of siliquac than 

ttnirrigated control and two irrigations. 

Sharma and Kumar (I 989a) conducted an experiment on /Jra.ssica jwzcea 

cv. Krishna with two irrigation levels. They observed that number of seed siliqua-

was higher. when irrigation was applied at irrigation depth and cLUUIitative pan 

evaporation ratio of 0.6. Number of seed siliqua- ' was lower with irrigation to a 

ratio of 0.4 or without irrigation. 

Tomer ci at. (1992) conducted an experiment to observe the effect of 

irrigation on the growth and yield of mustard (lirassica ,wncea). They tested three 

irrigation treatments viz, no irrigation, one irrigation (at pre-flowering stage) and 

two irrigation (one at pre-flowering and one at fruiting stage). Maximum number 

of siliquae were found per plant when IWO irrigations were applied. One irrigation 

and without irrigation produced lower siliquae per plant. 

Patel etal. ( 1991 ) reported that one irrigation produced higher siliquae per 

plant while minimum was produced per plant without irrigation. 

Tomer etal. (1992) reported that seeds per siliquae were also significantly 

increased with irrigation. Maximum numbers of seeds per siliqua were found 

when two irrigations were applied (one at pre-flowering stage and one at fruiting 

stage). A siliqua produced 12.36 seeds on an average when two irrigations were 
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applied while one liTigatiOn and without irrigation produced 10.81 and 8.02 seeds 

siliquif'. respectively. 

Slag ct at. (1993) found that two irrigations given either at branching and 

siliquac development or at branching and flowering stages of rapesced recorded a 

significant increase in siliquac plani'. The highest number of siliquae (261) was 

found with two irrigations at branching and siliquac development stages. These 

results are in agrecment with those of Raja(1987). 

2.2.6 1000-seed weight 

Thousand seed weight was sjgriilicantiv increased by irrigation. Clarke and 

Simpson (1978) reported that tinder field condiiions irrigation scarcely aiTheted 

I 000-seed weight of mustard. The seed yield was positively correlated with 1000-

seed weight. 

On the contrary, thousand seed weight did not significantly differ with 

irrigation (Saran and Gin. 1988). One irrigation apphed at 30 DAS on rapesced 

produced similar 1000-seed weight that found from two irrigations at 30 DAS and 

90 DAS. Lowest weight of 1000-seed was found without irrigation but the 

difference was not significant. 

Prasad and Ehsanullah (1988) reported that irrigation significantly 

increased the 1000-seed weight of rapeseed. They found maximum weight of 

1000-seed from the application of two irrigations at 30 and 60 DAS. The lowest 

weight of 1000-seed was found in rainfed condition (without irrigation) which was 

lower than the application of one irrigation at 30 DAS. 
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Sarker and Hassan (1988)   also reported increased 1000-seed weight with 

increasing levels of irrigation applied on rapeseed. Sharma and Kumar (1 989a) 

observed that 1000-seed weight was higher. when irrigation was applied at 

irrigation depth and cumulative pan evaporation ratio of 0.6. Thousand seed 

weight was lower with irrigation to a ratio of 0.4 or without irrigation. 

Tomer cc at. (1992) reported that maximum weight of 1000-seed was found 

when one irrigation was applied during pre-flowering stage and another one 

during fruiting stage of mustard. I.east weight of 1000-seed was found without 

irrigation. 

2.2.7 Seed yield 

Di ilerent scientists observed that yield of rapeseed and mustard crop 

increased with iirrivation levels due to the iniprovement of yield components Like 

number of branches plan(. number of siliquac planiL number of seeds siliqua 1  

and 1010-seed weight. 

Singh and Vusuf (1979) reported that seed yield of brown sarson (lirassica 

cwnpcs!ns var. Dichotorna) was curvilinearly related to irrigation levels reaching 

a rnaxiriiuni yield, and yield response to nitrogen was greater with irrigation than 

without irrigation. 

Singh (1983) found in an experiment with mustard (lirassica Juncea) 

grown with a pre-sowing irrigation in the Rajastan arid zone of India that 

irrigation at the pre-flowering stage increased the yield of mustard. But the 

irrigation given at siliquae formation stage did not further increase seed yield. 
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Roy and iripathi (1985) recorded that the growth characters and yield of 

[?passictz ;uncca were significantly increased with irrigation at IW:CPE (Irrigation 

water depth: cumulative pan evaporation ratio) of 0.6 compared to irrigation at 

I \V:C'PF. ratio of 0.4. They found yield as positively associated with number of 

branches and siliquac plan(1 , number of seeds siliqua t  and 1000-seed weight. 

Singh and Srivastava (1986) observed a significant increase of seed yield of 

mustard (lirassica/uncea) with irrigation. They found the seed yields of Jirassica 

funcea with I irrigation at (a) the Ilower bud stage and 2 irrigations at (a) and the 

siliquac formation stage were 430 and 610 kg ha 1 . respectively. compared with 

330 kg without irrigation. Yield was highest (960 kg) with 2 irrigations and 80 kg 

N. 

Ciangasaran and Gin (I 986) reported that /3rassica /uncea seed v ields, and 

oil contents were increased by applying I irrigation and were similar at densities 

of 100 000 and 170000 plants haS '. 

Reddy and Sinha (1987) observed in an experiment with I? rassica juncea in 

Rabi seasons of 1983-1985 that irrigation at 1W andCPE ratio ofO.6 and 0.3 (three 

and one irrigation respectively) gave maxinlum seed yield compared to that of 

rainfed crops. 

[-loque ci at (1987) observed that yield increase was highly significant for 

two irrigations applied on rapeseed, one at the early vegetative stage and the other 

at the liii tial si liquae fbrnation stage. 

Katole and Sharnia (1988) conducted a field experiment on clay loam soils 

with rapeseed to study the effect of irrigation schedulc and found that yield was 
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highest with two irrigations one at branching and other at siliquac dcvelopment 

stage. 

Prasad and Eshanullah (1988) pointed out in an experiment in 1983-1985 

with Thassicci /uncea that two irrigations with six cm irrigation at irrigation water 

depth and cumulative pan evaporation ratio of 0.8 or at 30 and 60 day after sowing 

gave niaxinium seed yield compared to one irrigation and without irrigation. Seed 

vieltl was 11)ininlutfl with no irrigation treatment. 

Saran and Gin (1888) observed that Buassica izu cea grown under rainfed 

conditions or with 1-2 irrigations gave similar seed yields oIO.8-1 .5 t ha in 1984-

85 and 1.40-1.50 tin 1985-86. The yields were markedly higher with increasing 

inigation levels. 

Sarlcer and l-lassan (1983)   niade an experiment with f.?rassuz /wzcea at two 

locanons in Bangladesh. They irrigated the crop at one to six levels commencing 

20-25 day after sowing and obtained maximum seed yield at BI>A farm with 

three levels of irniaation and that at RARS lshurdi farm with live levels of 

irrigation. 

Sharma and Gin (1988) reported that Brassica /w?cea grown with 0-80 kg 

N ha under rainfed conditions or with one-two irrigations gave similar seed yield 

during two consecutive growing seasons. 

Sharma and Kumar (1988) studied an irrigated mustard (Brassica juncea) 

with 60 cm irrigation at irrigation water depth and cumulative pan evaporation 

ratio of 0.4 or 0.6 (one and two irrigations respectively) and reported that seed 

yield were higher in 1984-1985 and 1985-1986 compared with respective yield 

under rainfed conditions. 
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Mondal cial. (1988) conducted a field trials in the Rabi (winter) seasons of 

1980-1982. Brass/ca juncea cv. T-59 was sown in the l week of November and 

given 14 irrigation treatments (1-4 irrigations at preflowering, flowering, early 

sitiqua or late siliqua developmental stages). The yield obtained is maximum with 

I irrigation at flowering. interniediate with 2 irrigations at flowering and late 

sdiqua stages and minimum with 3 irrigations supplied at prellowering, early and 

late siliqua stages. 

Hasan ('/ (11. (1988) conducted a field experiment in at 2 locations in 

Bangladesh. mustard (Brassicajuncc'a) was given no irrigation, I irrigation at 25 

days alter sowing (l ). or 11  together with later irrigation when !\V:CPE (irrigation 

water depth and cumulative potential evaporation ratio) reached at 0.2. 0.4. 0.6 or 

ID. Highest seed yield resulted from irrigation at 11  and 2 irrigations when 

I \V:CPE was 0.4 at I location, whereas at the other location the highest seed vieW 

resulted from irrigation at 11  and 4 imgatioiis when (W:CPE was 1.0. 

Sharma and Kumar (I 939b) observed /Irassica juncea cv. Krishna was 

unirrigated or given I irrigation at the rosette stage with or without I irrigation at 

siliqua formation. Average seed yield was higher with irrigation and lower for 

unirriated treatment. 

Rathore and Patel (1989) reported that mustard (Brass/ca juncea) gave 

highest seed yield with 3 irrigations at branching. 50% flowering and seed filling, 

lottowed by 2 irrigations at branching and 50% flowering, and one irrigation at 

late branching. 
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Parihar and 'lrtpztthi (1989) gave irrigation to mustard (Brassica /wwcTh 

with six cm irrigation and found that average yield were varied for irrigation depth 

and cumulative pan evaporation ratios of 0.4, 0.6 and O.S. respectively. 

Lal ci cii. (1989) irrigated mustard cv. Vanina with one to three levels at 

dificrent growth stages in one of their experiment. They found that application of 

one level of irrigation at flowering stage gave the highest seed yield. Addition of 

irrigation did not improve seed yield. Seed yield was lowest under rainfed 

cOild iii Oil. 

Sarkar ci al. (1939) reported that mustard irrigated at flowering stage 

produced the highest seed yie ld and this was Ibllowed by he plants irrigated at 

vegetative and siliqua tilling stages. 

Siag and Verma (1990) concluded that mustard (Jirassica /wicc'a) y ield 

increased with irrigation frequencies at different growth stages. 

Tomer and Singh (1990) studied the effects of 0. I or 2 irrigations on the 

yield of lirassicci /unc'e'a cv. Varuna. They found that increasing irrigation levels 

increased seed and oil yield. In another experiment on mustard. Sharma and 

Kuniar (1990) observed that one or two levels of irrigation produced the maximum 

seed yield in 1984-1985 and 1985-1986. Yields were obtained lower without 

irrigation in those years. 

Rarihsr (1990) found in an experiment with mustard that the seed yield and 

yield components were greater while irrigation was applied at irrigation depth and 

cumulative pan evaporation ratio of 0.6. 

Sharma (1991) conducted two experiments on mustard (Ilrczssica juncea) 

cv. Vartina in the Rabi seasons of 1936-1987 on clay loam soil at Mandsaur, 
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Madhya Pradesh of India and found that I irrigation at 15 or 30 days after sowing 

or 2 irrigations at IS —1 30 or 30 60 days after sowing, i.e. increasing irrigation 

frequency elevated seed yield over no irrigation. 

Ghatak ci at (1992) reported that mustard is irrigated at flowering (111), 

irrigated at branching (Ibr) + 111, or lbr -I Ill - irrigation at seed development (Isd). 

i.e. with increased level of irrigation produced greater seed yield compared to the 

control (rainfed). 

i'omer ci aI. (1992) conducted an experiment to flricl out the effect of 

irrigation levels on the growth and yield of mustard (Brassica juncea). They 

worked with three irrigation treatments viz, no irrigation, one irrigation at pre-

lowering stage) and two irrigation (one at pre-flowering and another at fruit;ng 

stage). They concluded both levels of irrigation significantly increased the seed 

vjeld over no irrigation. Application of 2 irrigations (at prc-fiover mg and fruiting 

stage) outyielded I irrigation (pre-flowering stage). 

Tiwari and ('haplot (1993) conducted a field experiment on the effect of 

irrigation levels on mustard (Brassica ,juncea cv. Vanina) which was irrigated at 

vegetative, flowering, siliqua development or seed filling stage corresponding 3. 6. 

9. or 12 weeks after sowing (WAS) or at various combinations of Lhese dates. Seed 

yield increased with increase in irrigation frequency. The highest mean seed yield 

was obtained from irrigating the crop at), 6 and 9 WAS. 

Sharma and Singh (1993) conducted an experiment with Brassica juncea 

cv. Pusa Bold which was not irrigated, irrigated at the rosette stage (28-30 days 

after sowing (DAS), siliqua formation stage (55 DAS) or rosette ~ siliqua 

formation stages. One irrigation at the rosette stage gave appreciable yield 
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compared with one irrigation at siliqua formation stage and unirrigated treatments. 

Cull and Narang (1993) observed in an experiment with Gobhi sarson that 

all growth parameters and seed yield significantly increased, while irrigation was 

applied at 20 days after sowing under cumulative pan evaporation of SO mm. 

Padman ci al. (1994) in a field experiment during the winter seasons of 

1987-1989 at Udaipur. Rajasthan. India observed that seed yield of Brass/ca 

/wzcea increased with increasing levels of irrigation. 

NIahal ci al. (1995) reported that niaxinmm seed yield were recorded with 2 

irrigations (at 3-4 weeks and at 9-10 weeks after sowing) in consecutive two ears 

experi mnnt. 

Samadder ci al. ([997) studied the Brass/ca /ancea cv. l3hagirathi with non 

irrigated condition and irrigation at flowering or at flowering 	seed formation 

staues and found that seed yield was highest Wi(I1 2 imgations. 

Siugh ci at. (1997) reported that the stages most sensitive to water stress 

were the seedling stage followed by the flowering stage. Decrease in seed yield 

varied from 22.13 to 36.57% when irrigation was withheld at seedling and 

flowering stages. 17.98 to 32.43% when withheld at seedling and seed 

development stages, and 1.59 to 3.45% when withheld at the secd development 

stage compared with irrigation applied at all these stages. However, early water 

stress from flowerine to seed development stages decreased the yield by 4.83 to 

15.46% compared with irrigation at all 3 stages. 

Rant ci al. (1999) conducted a field experiment in Akola, Maharashtra, 

India, during the Rabi season of 1996-97 to study the effects of irrigation (at pre-

flowering and siliqua-setting stages, prc_flowering+50% flowering-t-siliqua-setting 
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stages. pre-flowering 50% flowerirrg+seecl-iilliilg stages. and pre-floweringi-50% 

iiowering+silic1ua-seiting±sced-hlling stages) yield of Indian mustard cv. Pusa 

Bold. Irrigation at pre_flowering+SO% flowering-I-seed-lilLing stages gave the 

liighesl grain yield (15.99 q haS '). 

2.2.8 Stover yield 

Saran and Gin (1988)   reported that irrigation signi licantly increased the 

total biomass yield of mustard in the year 1984-1985. The maximum yield of 

biomass was produced with two irrigations applied at 30 DAS and 90 DAS and 

wtermediatc yield with one irrigation at 30 DAS. The lowest biomass yield was 

obtained when no irrigation was applied. 

Siover yield was found to be higher with the application of irflgattOIl in 

mustard (Patch et al., 1991). Maximum straw yield was found with one irrigation 

compared to unirrigated control. 

2.2.9 Biological yield 

Rhargava (1991) demonstrated that biological yield, harvest index and 

siliqtLa productions per plant were positively correlated with higher seed yield of 

rapeseed and mustard but number of seed per siliqua was negatively correlated. 

Correlation studies between biological yield and seed yield was significant and 

suggesied that higher seed yield can be obtained from vigorous genotypes that 

give greater biomass. However, information is very scarce regarding to the effect 

of irrigation on biological yield of rapeseed. 
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2.2.10 Harvest index 

Shrivastava etal. (1988) observed in an experiment with mustard (Brass/ca 

juncea) cv. Varuna that two irrigations at pm-flowering and seed development 

stages gave higher harvest index. They also observed that irrigation at pre-

flowering stage gave higher harvest index value than those of irrigation at seed 

development stage or without irrigation. However, information is very scarce 

regarding to the effect of irrigation on harvest index of rapeseed. 
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Materials and Methods 



CHAPTER 3 

MATERIALS AND METhODS 

A flcld experiment with different row spacing and irrigation level was 

conducted in the Rabi season (October. 2004 to January. 2005) to evaluate the new 

rapesced tine SAU-C-F7  in respect of growth and yield pertbrmances. 

3.1 Experimental site 

The research was conducted at the Agronomy field of Sher-e-Bangla 

Agricultural University. Dhaka-1207. during the period from October 2004 to 

January 2005. The experimental fletd is located at 9033' E longitude and 2377 

N latiwdc at a height of 9 meter above the sea level (BCA. 2004). ftc land was 

mcdi urn high and well drained. 

3.2 Climate 

The annual precipitation and potential evapotranspiraton of the site were 

2152 niiii and 1297 mm. respectively. The average maximum and minimuni 

temperature was 30.340C and 21.21tC, respectively with mean temperature of 

25.17"C. 

Temperature during the cropping period ranged between 12.2°C to 31.2°C. 

The humidity varied from 73.52% to 81.2%. The day length ranged between 10.5-

11.0 hours only and there was no rainfall during the experimentation. The weekly 
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average rainfall, air temperature and relative humidity of the site during the 

experimental work have been shown in Appendices VI, VII and V Ill. 

3.3 Soil 

The soil of the experimental site belongs to the agro-ecological region of' 

Macihupur Tract" (AEZ No. 28). It was Deep Red Brown Terrace soil and 

belonged to "Nodda" cultivated series. The top soil is silty clay loam in tex(ure. 

Organic matter content was very low (0.82%) and soil p1-I varied from 5.47 - 5.63. 

3.4 Experimental materials 

The experiment was done with a new line of rapesced (Brassic'a 

canpcstnic) named SAU-C-F7  which was developed by Dr. Md. Shaheedur Rashid 

l3huiyan. Professor of the Department of Genetics and Plant Breeding, Slier-c-

Baiigla Agricultural University, Dhaka- 1207. The line is now under 1111al 

evaluation before being released. 

3.5 Experimental treatments 

There were two factors in this experiment, viz, row spacing and irrigation 

Level. The Factors were studied under different levels. The row spacings were 

denoted as 20 cm (S1). 30 cm (S2) and 40 cm (S1). IlTigatLon levels were no 

irrigation (Ia). one irrigation at 30 D.AS (l i ) and two irrigations at 30 and 60 DAS 
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3.6 Experimental layout and design 

The experiment Was laid out in a two thctor Split Plot design with four 

replications. Irrigation was given in main plot and row spacing was in sub-plots. 

Each replication was divided into 3 equal main plots randomly. Further each main 

plot was also divided into 3 sub plots. Thus the total plot number was 36. The size 

of each plot was 4 m x  3 rn (12 m2). The distance between two adjacent unit plots 

was 0.5 m and distance between two replications and between two main plots was 

[.5 iii. 

3.7 Cr01) Husbandry 

3.7.1 Land Preparation 

The experimental ikId was ploughecl with power tiller drawn rotovator. 

Suhscquent cross ploughing was done followed by laddering to make the land 

level. All weeds. stubles and residues were removed from the field. 

3.7.2 Fertilization 

The experimental plots were fertilized with a recommended dose of 300. 

ISO. 100, 180. 5 and 10 kg ha : of Urea. Triple Super Phosphate (TSP), Muriale of 

Potash (MP). Gypsum. Zinc Oxide (ZnO) and Boric Acid, respectively. During 

linal land preparation one half of the urea and total amount of other fertilizers 

were applied and incorporated into soil. Rest of the urea was top dressed on 23 

November. 2004 during first weeding at 28 days after sowing (DAS). 
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3.7.3 Sowing of seeds 

Seeds of SAU-C-F7  line were sown on 26uI  October, 2004 niaintaining row 

spacing in each plot as per experimental treatments. Sowing was done 

continuously in rows at a seed rate of 7.5 kg ha (BAR! 2002b). 

3.7.4 Weeding in(] thinning 

lhe experimental plots were found to be infested with dillerent kinds of 

weeds, viz. Batliva (Cizenopoilium album L.). Bermuda Grass (C'17 rn/on dacn/on). 

Nut sedge (Cvperus ,-oiu,,th,s L.), Biskatali (Polygonu'n hythopiper L.) etc. 

Weeding was done two times manually with 'niranF. Thinning Was done in all the 

unit plots with care to maintaining a constant plant population in each row 

lollowing different spacing treatments. Finally plants were kept at 5 cm distance in 

rows. 

3.7.5 Irrigation 

First irrigation was uiven at 26 November 2004 (30 DAS) in the plots 

according to treatments. The second irrigation was given at 26 December 2004 (60 

DAS) in the plots as required by the treatments. Irrigation was done by check 

basin method. Control plots were maintained with no liTigation. 

3.7.6 Pest and disease managcment 

The crop was sprayed with Malathion 60 EC to prevent infestation of 

mustard aphids at siliqua formation stage. Dithane M-45 was also applied 

immediately alter irrigation to prevent soft rot of plants. 
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3.7 harvesting and Processing 

At maturity when 80% of the siliquac turned straw yellowish in colour, the 

experimental crop was harvested. The sub-plots under the main plots without 

IlTigatloil was harvested on 24 January. 2005 (96 DAS), the sub-plots tinder the 

maw plots with one irrigation was harvested on 25 January 2005 (97 DAS), and 

the sub-plots under the main plots with two irrigation was harvested on 28 

February 2005 (100 DAS). Harvesting was done in the morning to avoid 

shattering. Four linear meter were harvested Irom the centre of each plot at ground 

level with the help of a sickle and the yield was converted to kg per heetare. The 

harvested plants from each plot were bundled separately, tagged and brought to a 

clean cemented threshing floor. The crop was sun dried by spreading them over 

the floor and seed-,,  were separated from the siliqua by beating the hundles with 

bamboo sticks. 

The seeds thus collected were dried in the sun for reducing the moisture in 

the seed to about 9% level. The stovers were also dried in the sun. Seed and stover 

yield 'erc recorded. The biological yield was calculated as the sum of the seed 

yield and stover yield. 

3.8 Data Collection 

Ten plants were taken out randomly from each plot leaving the border 

plants as destructive sampling. This sampling was done to record the following 

data at an interval 0115 days starting from 30 DAS (just before first irrigation). 
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Plant height (cm) 

Above ground fresh weight per plant (g) 

iU) 	Dry weight of leaf per plant (g) 

Dry weight of stem per plant (g) 

Dry weight of siliqua per plant (g) 

Above ground total dry weight per plant (g) 

Number of branches per plant 

Number of siliqua per plant 

Number of seeds per siliqua 

Number of seeds per plant 

1000-seed weight (g) 

Seed yield per plant (g) 

Seed yield per hectare (kg) 

Stover yield per hectare (kg) 

Biological yield (kg) 

Uarvcst index (%) 

3.8.1 Plant height 

The height often plants was measured from ground level (stem base) to the 

tip of the plant. Mean plant height was calculated and expressed in cm. 
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3.8.2 Above ground fresh weight per plant 

To measure the fresh weight of plant, ten plants were selcetcd randomly 

and data were recorded. Mean weight was calculated and expressed as gram per 

plant. 

3.8.3 Dry weight of Icalper plant 

The separated leaves of the plants were dried in an electnc oven at 7O' C 

for 48 hours and the dry weight was measured with a digital balance for different 

growth stage. Leaf dry weight often plants was then calculated for the weight of 

single plzint and shown as gram per plant for each harvest. 

3.8.4 Dry weight of stem per plant 

Dry weight of stem was measured and calculated and expressed in gram 

per plant for each harvest. 

3.8.5 Dry weight of siliqua per plant 

Dry weight ol siliqua was measured and calculated and shown as gram per 

plant for each harvest. 

3.8.6 Above ground total dry weight per plant 

It was the sum of dry weight of leaves, stems, siliqua including seeds) per 

plant. 
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3.8.7 Number of branches per plant 

The number of branches of ten randomly sampled plants at harvest were 

counted and recorded. Average value of ten plants was recorded as number of 

branches per plant. 

3.8.8 Numbers of siliqua per plant 

Number of siliqua was counted from ten plants and divided by ten which 

indicated the number of siliqua per plant. 

3.8.1() Number of seeds per siliqua 

The number of seeds per siliqua was counted by splitting twenty siliqua 

which were sampled randomly from sampled plants and then mean value was 

determined. 

3.8.11 Number of seeds per plant 

Number of seeds per plant was calculated by multiplying the number of 

siliqua per plant and number of seed per siliqua. 

3.8.12 1000-seed weight 

From the seed stock of each plot. 1000-seed were randomly counted. Then 

the weight was taken by a digital balance. The 1000-seed weight was recorded in 

grani. 



3.8.13 Seed yield per plant 

The separated seeds of ten plants were collected, cleaned, dried and 

weighed properly. The average seed yield per plant was then calculated. 

3.8.14 Seed yield per hectare 

After threshing, cleaning and drying, total seed yield from the harvested 

area (I m) were recorded and was converted to kg ha'. 

3.8.15 Stover yield per hectare 

After the separalion of seeds from plant of harvested area, the straw and 

shell per plot was dried separately and the weight was recorded. These were the]' 

converted tnro stover yield (kg ha ). 

3.8.16 Biological yield per hectare 

It is the summation of seed yield and stover yield per hectare. 

3.8.17 Harvest index 

Harvest Index was calculated by the following formula of Donald (1963). 

Seed yield 	
xl 00 Harvest index 'o) 

= Biological yield 

3.9 Statistical analysis 

The data were analyzed following Analysis of Variance (ANOVA) 

technique and mean differences were adjusted by the t-test (Gomcz and Goniez, 
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1984) using the statistical computer programme ALPHA and MSTAT-C vA.2. 

Means were compared by using LSD test at 5% level of significance. The 

correlation analysis was done by SPSS v. 13.1 Software. Regression was measured 

and plotted with the Microsoft Excel 2003 Software. 
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Results and Discussion 



CHAPTER 4 

RESULTS AND DISCUSSION 

The experiment was conducted to study the performance of rapeseed line 

SAt.'-C-FT as iifluenccd by different row spacing and level of irrigation. The 

results of the present investigation have been presented, discussed and compared 

as far as possible with the results of ocher researchers. 

4. 1 Plant height 

Effect of row sJ)acing 

In the initial staizc up to 30 DAS the growth of the line was very slow and 

then thc CFU}) remaitica ta rosette form. Stem elongation started with the initiation 

or reproductive phase of development. The rapid increase of plant height was 

observed from 30 DAS to 75 DAS. After 75 DAS the growth of plant height 

became very slow. In the initial stage the plant canopy was very small and 

competition was mainly negligible. When the canopy began to increase the 

competitioti was started for aerial space. Row spacing caused signiFicant variation 

in plant height of rapeseed line SAU-C-F, (Table 4.1). The closest row spacing (20 

ciii) ultimately produced sitrnifleantly tallest plant than S2 (30 em) and S 3  (40 cr11) 

1(1 
almost all the growth stages. The plant tended to be taller for getting the lighL in 

closed place. Sharma and Thakur (1993) reported that the highest plant height was 

observed from the closest row spacing of 20 cm. The closest row spacing caused 

the plants to compete more nittrient. water and light required for their growth and 
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development. This competition fey space nitght have elongated the densely 

populated plants (\ViIlcy and Heath. 1969). Increasing population density 

increased plant height in rapeseed was also reported by Singh and Dhilton ç1991). 

Misra and Rana (1992) and Chauhan ci a?. (1993). The positive effect of 

lercasing population density on plant height has been reported also in other crops 

like soybean Stiariiia ci at, 1992 and Prasad e (!.. 1993)! sesame (Roshid. 1998) 

and rice (Tal ukder, I 998). 

Table 4.1 PIaffi height (cm) of rapeseed line SAU-C-F- at different age as 

affected by row spacing 

Days after sowing (DAS) 
Row spacing 

30 45 60 75 90 

S 13.69 46.40 85.04 91.27 91.80 

13.45 46.08 31.14 88.64 89.12 

13.21 43.67 78.85 87.36 67.38 

LSD 0.05 NS 2.69 5.43 NS 2.96 

CV (%) 8.63 7.12 7.76 5.53 4.21 

S1 	20 cm row spacing 
30 ciii row spacing 

- 40 ciii row spacing 

Effect of irrigaliOn level 

Significant variation was found among the irrigation levels for plant height 

of rapeseed line SAU-C-FT which started from 45 DAS and onwards (Table 4.2). 

At 45 DAS, i (one irrigation) produced significantlY tallest plant which was 

fcllo'.vcd by 12 (two irrigations, one at 30 DAS and another at 60 DAS). The 

treatment 1 showed signiticatnly zaJiesr plant from 45 to 90 DAS and it was 
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followed by l (45 to 75 DAS). The lowest plant height was found for the control 

treatment no irrigation) throughout the life cycle. No sigiiiiicant difference was 

found between the treatment I and 12  as the soil moisture availability for the plant 

was sufficient before second time irrigation at 60 DAS. Similar result was reported 

by Bihari ci al. (1992). Sarker (1994) found tallest plant with one irrigation while 

the smallest plant was found without irrigation. This Finding was at per with the 

result of Saran and Girl (1988). Paul and Begum (1993) also found that one 

irrigation at bud initiation stage gave niaximuin plant height at harvest in mustard 

plant. Siag of ul. (1903) reported maximum plant height when in-igation was 

applied during branching and siliquac development stage. 

Table 4.2 Plant height (cm) of rapeseed line SAL-C-1177  at different age as 

affected by irrigation level 

Irrigation level Days after sowing (DAS) 

30 45 60 75 90 

It 13.10 32.60 65.32 73.53 75.02 

I. 

 

13.29 51.02 89.10 95.12 96.06 

13.96 l. 

 

48.52 90.63 98.62 99.32 

LSD 0.05 NS 3.72 7.69 4.51 3.60 

CV (%) 8.63 7.12 7.76 5.53 4.21 

I(j =  No irrigation 
I = One irrigation at 30 DAS 
12 = Two irrigations at 30 and 60 DAS 
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interaction effect of irrigation level and row spacing 

The interaction effect of irrigation and row spacing had a great effect on the 

plant height of new rapeseed line in this study (Fig. 4.1). Significant differences of 

plant height were found in every stages of growth except at the early stage (up to 

30 DAS). This was due to the slow growth rate and also for the reason of no 

irrigation was applied before 30 DAS. Maximum plant height was observed in the 

treatment [25. (two irrigation and 30 cm row spacing) in all the stages of life cycle. 

The lowest plant height was found with of all the row spacings (20 cm. 30 cm and 

40 cm) with no irrigation treatment (control). The plant response in terms of height 

to the combined treatnient was found higher in the middle of growth stage ( from 

45 DAS to 60 DAS) because olbetter gro's ilL 1he maximum plant height (1 00.84 

cm) at harvest was ol,tainecl from the treatment 1,S which was statistical lv 

identical with 11S  and 13S1 . Siag ci at (1993) also found this result which 

indicated that 30 em row spacing with 2 irrigations at branching and t1ovenng 

stage would give tallest plants. 

4.2 Above ground fresh weight per plant 

Effect of row spacing 

The fresh weight production in rapeseed over time was influenced by row 

spacing (TabLe 4.3). Significant fresh weight was found in different row spacing in 

all the growth stages. The wider row space (Si) produced significantly highest 

fresh weight at 30, 60, 75 and 90 DAS. The treatment S2  showed significantly 

highest weight at 45 DAS and at per with 53 at 60 DAS. The closest row spacing 

produced the lowest fresh weight with time. The highest fresh weight at wider 
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space might be due to the availability of light and air that helped the plants to have 

the largest canopy. Sharma and Thakur (1993) reported the highest number of 

branches with wider spacing which provided more fresh weight than closer 

spacing. The lowest fresh weight with time and might be due to leaf senescence, 

leaf dropping and siliquae shattering and so on. 

Table 4.3 Above ground fresh s'eight per plant (g) of rapeseed line SAU-C-F 
at different age as affected by row spacing during 2004-2005 Rabi 

season 

Row spacing Days after sowing (DAS) 

30 45 60 75 90 

S 2.65 16.16 31.53 39.59 24.95 

S2  2.66 21.68 42.45 42.03 26.48 

S. 2.78 18.02 42.73 48.98 29.07 

LS[) 0.05 0.22 1.55 3.27 3.23 1.19 

CV (%) 9.52 9.76 9.81 8.66 5.13 

= 20 cm row spacing 

S2  30 ciii row spacing 
= 40 cm row spacing 

Effect of irrigation level 

Numbers of ilTigation produced significant variation in fresh weight of 

rapeseed line SAU-C-F7. Treatment h was found to produce the highest flesh 

weight and unirrigated control (1(J ) plots produced the lowest weight in all the 

urowth stages (Table 4.4). At 45 DAS 110 significant variation was found between 

1 1  and l2 At 60 DAS to 90 DAS the treatment 12 produced the highest fresh weight 

which was significantly different froni 11  and l. It might be due to the second 
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irrigation (12) at siliqua development stage, which ijicreased the weight of the 

reprociucttve parts. At harvesting stage (90 DAS) fresh weight was found to be 

reduced which might be due to leaf senescence, siliqttae shattering etc. Gill and 

Narag (1993) found similar results with two irrigations. 

Table 4.4 Above ground fresh weight per plant (g) of rapeseed line SAC-C-

F7  at different age as affected by irrigation level during 2004-2005 

Rabi season 

Irrigation level 	 l)ays alter sowing (DAS) 

30 45 60 75 90 

2.15 7.15 16.04 16.99 26.41 

I 	 2.29 23.76 42.46 42.70 2724 

2.35 24.95 58.21 70.90 47.75 

LSI) 0.05 	0.30 1.68 3.37 4.49 1.40 

CV (%) 	9.52 9.76 9.81 8.66 5.13 

No irrigation 
= One irrigation at 30 DAS 
= Two trrigations at 30 and 60 DAS 

Interaction effect of irrigation level and row spacing 

Significant effect of interaction between row spacing and irrigation was 

observed (Fig. 4.2). At 30 DAS the highest (3.60 g) fresh weight was found from 

one irrigation (l i ) with widest row spacing (Si). The closest spacing without any 

irrigation produced the lowest fresh weight at 30 DAS. At 45 DAS the maximum 

fresh weight was found irom the interaction between I: and S and the lowest fresh 

weight was found from closest spacing (S1 ) with no irrigation At Go, 75 and 90 

DAS the highest fresh weight was produced from the treatment 12S3  
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4.3 Above ground total dry weight per plant 

Effect of row spacing 

Row spacing siniflcantly influenced the total dry matter production in the 

rapeseed line SA1J-C-17. SignifIcant variation was found at all the growth stages 

except 30 DAS (Table 4.5). Accumulation of dry matter was very slow at 30 DAS 

and found no significant differences of production with space variations. 

Significant difference was found from 45 to 90 DAS for dry matter production 

with  different row spacings. Among the row spacings. the treauucnt S, (30 cm row 

spacing) produced the highest dry weight plant-' at 45 DAS and 60 DAS which 

was statistical lv identical to S and the total dry matter accumulation was loest in 

the treatment S. In case of 75 DAS and 90 DAS the row spacing S theilitated the 

plants to have more air and light, which helped accumulation of the highest dr\ 

matter and it was signilicantly different from S1  and S. In this stage, 51 produced 

the minimum dry matter. 'ihe production of maximum dry matter of wider spaced 

plant also might be accounted for the luxuriant growth of plant as well as higher 

nuniber ol primary branches plant'. Alam (2004) concluded that 

photosynthetically active radiation (PAR) interception is maximum at wider row 

spacing which resulted more dry matter in different organ. This result corroborated 

with the result found by Chauhan el at (1993) who reported maximum dry matter 

production per plant from 40 cm row spacing. This result is also supported by tile 

findings reported by of Singh and Singh (1984b) who found that the dry matter of 

Indian rape waS increased with the increase of plant spacing as it facilitates the 

maximum spaces for plant. 
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Table 4.5 Above ground total dry weight per plant (g) of rapeseed line SAU-

c-r, at different age as affected by row spacing during 2004-2005 

Itabi season 

Row spacing Days after sowing (DAS) 

30 45 60 75 90 

0.38 1.54 6.55 7.77 8.47 

0.43 2.06 8.10 9.72 9.95 

0.39 2.05 7.89 10.43 11.67 

LSD 0.05 NS 0.02 0.29 0.33 0.25 

C 	("4) 8.36 1.36 4.57 3.94 3.01 

S = 20 cm row spacing 
= 30 cm row spacing 

40 ciii row spacing 

Effect of irrigation level 

Significant variation was found in total dry matter per plant with di ffirent 

levels of irrigation at all growth stages except early growth stage (30 DAS). 

Distinct differences were observed in dry matter production after 30 DAS when 

irrigations were initiated (Table 4.6). These (lii Icrences Further increased at the 

successive stages. The total dry matter production was increased With each 

increment of irrigation levels At 45 DAS the treatment I produced the maxinium 

div matter which was significantly different from 11 and 1). At 60 DAS. 75 DAS 

and 90 DAS the highest dry matter accumulation was found from the treatment I. 

11  produced the second highest dry matter where this accumulation was least in l 

treatment. The lowest dry matter in plant was due to internal moisture deficit that 

made the plants to have lower height and failed to increase growth parameters (tue 
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to lower net assimilation rate. This adversely affected dry matter accun'iulation in 

plants. Wright et al. (1988) expressed the similar observation. The I, treatment 

produced highest number of branches which might have contributed iii the 

accumitlation of highest dry matter at those three stages. It might be due to attain a 

maximum plant height and stem thickness with this treatment. •freatment 1 failed 

to uilprove dry matter production alter 75 DAS and it might be clue to maximum 

leaf senescence, leaf dropping and so on which were resultant of water shortage. 

Siddqui (1999) reported that regardless of population density. accitniulation of 
1. 

'FDM in rapeseed increased progressively over time attaining a peak at SO DAE to 

attain the physiological maturity of the crop. The rate of increase in TDM. 

however, varied depending on growth stage. TDM increased at a slow rate iipto 30 

DALI A 	sharp rise in TDM production occurred from 30 to 60 DAS and 

thereaher the rate of increase was comparatively low. Total dry matter showed a 

declining tendency after 80 DAS. This was mainly due to leaf senescence and leaf 

abscission
fl  . Nut and Beguni (1993) stated that dry matter production was highest 

with one irrigation at bud initiation stage. One irrigation at 30 DAS produced 

higher dry matter than that of two irrigation because there was no moisture 

deficiency in the soil. Saran and Girl (1985) also noticed increasing trend of dry 

matter accumulation in mustard plant with increasing irrigation levels. Tonier el 

al. (1992) noticed that dry matter per 
plant  was highest with two irrigations - one 

at pre-flowering stage and another at fruiting stage. Gin (2001) found more dry 

matter weight per plant in mustard with two irrigations than with one irrigation. 
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Table 4.6 Ahose ground total dry weight per plant (g) of rapeseed line SAC-

C-F7  at different age as affected by irrigation level during 2004- 

2005 Rabi season 

Irrigation level J)ays after sowing (DAS) 

30 45 	60 	75 - 	90 

1:1 	- 	0.32 I 6F 	3.45 	4.96 2.43 

1 	 0.39 2.24 	8.47 	10.67 11.13 

1 	 0.39 2.11 	10.59 	14.28 16.53 

LSD 0.05 	NS 	0.031 	0.48 	0.347 	0.29 

CV (%) 	8.36 	1.36 	4.57 	3.94 	3.01 

No irrigation 

1 1  = One liTigation at 30 DAS 
1 = Two itTu!atiOn at 30 and 60 DAS 

Interaction effect of irrigation levels and row spacing 

The elket of interaction between liTigation levels and row spacing on dry 

waiter production was SiQnhiicali at different stages except 30 DAS (Fig. 4.3). At 

45 DAS the treatment I S.. produced the highest dry matter (2.62 (1) and the lowest 

dry matter (0.90 g) was found from the treatment 1$,. The treatment 1:S: 

produced the highest dry matter at 60. 75 and 90 DAS (12.06. 14.30 and 17.46 g. 

respectively) and next highest by the treatment 12S and 1251. The lowest dry 

matter was Ibund front the treatmcnt I( SI at 60 and 75 DAS and lS, at 90 DAS. 

Saran and Gin (1988) also found maximum dry matter from the interaction Of 

wider row spacng (50 cm) and 2 irrigations at 30 and 90 DAS. Tomer ci at. 

(1992) found maximum dry matter plant' with 2 irrigationS at flowering and 

fruiting stages when 40 cm row spacing was maintained. Gill and Narag (1993) 

and Gin (2001) also observed similar trend of dry matter in mustard and rapeseed 

plants. 
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4.4 Dry matter partitioning 

Accumulation of dry matter and its partitioning into different plant 

components is an important consideration in achieving desirable economic yield 

from the crop plants. The economic yield is greatly determined by the production 

of total dry matter and its partitioning by the reproductive organ (Singh and 

'fadav. 1989). Irrigation and row spacing exerted significant effect on dry matter 

accumulation and its partitioning into the components of rapeseed at all stages of 

crop growth. 

Effect of row spacing 

Spacing is an important criterion for dry matter accumulation as it 

Flicilitates light interception for pIiotosyiitlwss. Dry matter acctniiulation in leaves 

was affected by different spacing (Table 4.7).At 30 DAS there was no significant 

effect was Ibund on leaf dry matter weight as they were not affected by population 

density. At 45 and 60 45 DAS the highest dry matter in leaves was found at widest 

row spacing S (40 cm). It was followed by S (30 cm) at 45 DAS where the S; 

produced the lowest leaf dry matter. At S x  spacing the plants could absorb required 

nutrients and intercept more light than S2 and S1 . But at 75 DAS the leaf dry 

matter accumulation was lesser than 60 DAS and no significant differences were 

found among the treatments as leaf senescence occurred. At 90 DAS the plants 

remained in the field without any leaf. The decrease in leaf dry weight during seed 

development stage might be attributed to remobilization of stored assimilates from 

the vegetative parts to the reproductive ones. Siddiqui (1999) reported that 

irrespective of population density, the leaf dry weight continued to increase tip to 
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SC) OAF. and then declined and ceased completely at 90 DAli due to senescence 

and abscission. lie also noted that the contribution of Ical to the total dry matter 

was dominant up to 40 DAE i.e. flower initiation. Similar report was presented by 

Lodli I ct' al. (1979) in mustard plants. 

Table 4.7 Dry weight of leaves per plant (g) of rapeseed line SAU-C-F7  at 

different age as affected by row spacing (luring 2004-2005 Rabi 

season 

Row spacing Days after sowing (DAS) 

30 45 	 60 75 

S1  aSS 1.54 	1.21 0.73 

S2  0.43 2.06 	1.25 0.66 

S 0.39 2.05 	1.41 0.73 

I.SD 0.05 NS 0.02 	0.05 NS 

CV (%) 8.36 1.36 	5.00 11.67 

20 cm row spacing 
- 30 cm row spacing 

S 2  = 40 cm row spacing 

Figure 4.4 revealed that 100% total dry matter was partitioned in leaves at 

30 and 45 DAS with 20, 30 and 40 cm row spacing. Thereafter 18%. 17% and 

17% of total dry matter was accumulated in leaves with different spacing 

treatments. Only 8%, 7% and 7% dry matter was partitioned in leaves at 75 DAS. 

At 90 DAS there was no dry matter accumulation in leaves with any row spacing 

as leaves were senescenced at this stage. 

The decrease in leaf dry weights during seed development stage might be 

attributed to remobilization of stored assimilates from the vegetative organs to the 
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reprodtLctive ones. From 75 DAS onwards, the major portion of 1DM was 

accumulated in reproductive organs i.e. siliqua. Thus the contribution of siliquae 

dry weight to TDM weight increased to a great extent. 

The div mailer accumulation in stem started from 60 DAS. Significant 

difference was found for all growth stages (Table 4.8). The wider spaced (Sr) plant 

produced significantly maximum stem dry weight at 60, 75 and 90 DAS. The 

second highest weight was meaitrcd with S: treatment. Closer spacing (S1 ) had 

significantly lowest stem div weight at all the said growth stage. 

the S (40 cm) produced the highest stem dry matter because the plants 

could get necessary tight, nutrients, space compared to the plants of other closer 

spacings (20 and 30 cm). Scarisbrick ci at (1982) and Kinder and Bhargava 

(1985) reported higher stem dry matter weight of Brassica cafltpWUiS and 

Rrascica funcea with wider plant densitv than closer one. 

Table 4.8 I)ry weight of stern per plant (g) of rapeseed line SAU-C-F, at 

different age as affected by row spacing during 2004-2005 Rabi 

season 

Row spacing 	 Days after sowing (DAS) 

- 60 	 75 	 90 - 

- 	S 	 3.03 - 	3.28 	 3.31 

S2 	 3.55 	 3.92 	 3.99 

Sz 	 3.71 	 4.93 	 5.27 

1_SD 0.05 	 0.20 	 0.26 	 0.21 

CV (%) 	 6.87 	 7.80 	 6,03 

S . =  20 cm row spacing 

S1 = 30 cm row spacing 

= 40cm row spacing 
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Fiuure 4.4 revealed that accumulation of dry matter iii stem was started at 

60 DAS. At 60 DAS 47%. 461%, and 45% dr' matter was observed to accumulate 

in steni with closer to wide spaced plant. At 75 DAS 36%, 40% and 44% dry 

matter vas partitioned in stem. At 90 DAS39%, 40% and 45% dry matter 'as 

observed to accumulate with closer to wide spaced plant. 

SignifIcant dry matter accumulation in reproductive organs (siliqua) 

observed at 60 DAS and accumulation continued till 90 DAS (Table 4.9). ,\fter 60 

DAS i.e. during seed development period, teal dry weight tended to decrease 

while siliqua dry weight started to increaSC. Wider spacing (40 cm) influenced 

plain to produce stgiii flcantly highest siliquac dry weight at 60. 75 and 90 C:\S.  

The next higher production found with 52 treatment at the said growth stages. S 

treatment gave the to est sil iquae dry matter. At 90 DAS maxinlufli div matter 

weiuht in siliquac was found. Similar results were obtained in rapeseed by Lodhi 

ci ol. ( 1979). At S3 (40 cm spacing) the plant could get adequate nutrient and space 

to produce highest number of siltquae with highest dry matter. At S: spacing (20 

cm) the shortage of space and higher competition for nutrient reduced the dry 

matter accumulation in siliquae. Oad ci al. (2001) observed the more competItiOn 

with closer row spacing in rapeseed. 
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i'able 4.9 Dry weight of siliquac per plant (g) of rapeseed line Situ-C-F 7  at 
different age as affected by row spacing during 2004-2005 Rabi 

season 

Row spacing Days after sowing (DAS) 

60 75 90 

2.31 5.13 5.16 

2.97 5.34 5.95 

3.08 5.55 6.40 

0.19 0.20 0.18 

8.02 4.44 3.64 

Si  = 20 cm row spacing 
30 cm row spacing 

5;  40 cm row spacing 

From Figure 4.4. it was observed that accumulation of dry matter iii 

siliquac was started at 60 DAS. At 60 DAS 35%. 38% and 38% dry matter \\85  

observed to accumulate in sitiquac with closer to wide spaced plaru. At 75 DAS 

56%. 53% and 49% dry matter was partitioned in siliquae. At 90 DAS 61 

and 55% dry matter was observed to accuniulate with closer to wide spaced plant. 
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Effect of irrigation level 

Irrigation showed significant difference in leaf dry matter production at 

different urowth stages (Table 4.10). At 30 DAS there were no significant 

(lillerences in lcaidrv wciht anlOrli2 the Ircatments. The treatment 1 produced the 

1tizlicst leaf and stem dry matter both at 60 and 75 DAS and lowest dry matter as 

produced under control coliditiol) (no irrigation). The dry matter of heal at 75 DAS 

was much lower than the dry matter 81 60 DAS and it might he due to the teal 

defoliation. The detbllation rate was higher at one irrtgalion (l ) than 2 irrigatIons 

probably the second irrigation supplied suilicient nioiSture which helped in 

retaining more leaves for a longer period and thus increase seed yield. \laor 

I Y77) observed similar reuli while working with rapeseed. 

table 4.10 	l)rv weight of leaves PCr plant (g) of rapesee(l n 	S--kt'-('-F7 at 

dilfereni age as affected by irrigation level during 2004-2005 Rabi 

season 

Irrigation level Days after sowing (DAS) 

30 45 	 60 75 

11, 0.32 1.01 	0.53 0.40 

1 0.39 2.24 	1.36 0.4S 

0.39 2.10 	1.99 1.25 

LSD 0.05 NS 0.03 	0.11 0.01 

CV (%) 8.36 1.36 	5.00 11.67 

L = No irrigation 
One irrigation at 30 DAS 

= Two irrigations at 30 and 60 DAS 
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Fiure 4.5 revealed that 100% total dry matter was partitioned in leaves at 

30 and 45 DAS with rio irrigation ( la ). one irrigation (1) and two irrigation (I:.). 

Thereafter 15%. I ô<c, and 1 9% of total dry matter was accumulated in leaves with 

di fièrent irrigation treatments. Only 8%. 4% and 9% dry matter was partitioned in 

leaves at 75 DAS. At 90 DAS there was no dry matter accumulation in leaves with 

any irrigation level as leaves were senescenced at this stage. 

An increasing trend was found in stem dry matter weight production at 

di fierent growth stages with increase in the number of irriganon (Table 4.11). A 

signi licant variation was Ibund among the different irrigation levels where 1 

produced the highest dry matter at all the stages and the next highest weight were 

produced b' I. The lowest dry matter weight was accumulated with no irrigaiioii 

wInch indicated that irrigation was needed for dry matter weight production in 

rapeseed. Two irrigations tiicilitatcd to have maximum stem thickness and 

branching rendering more dr' matter accumulation in this organ . .Aliniad ci al. 

(20021t found increasing dry matter weight with increase level of irriganon in 

Soph (1/V st'ctuith/loiii. 

From Figure 4.5. it was observed that accumulation of dry matter in steal 

was started at 60 DAS. At 60 DAS 46%. 47% and 44% dry matter was observed to 

accumulate in stem with increasing irrigation levels. At 75 DAS 370N). 38% and 

41% dry matter was partitioned in stem. At 90 DAS 39%, 45% and 37% div 

matter was observed to accumulate in stein with no l. 11 and l. 
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Table 4.11 Dry weight of stern per Plant (g) of rapeseed line SAU-C-F 7  at 

different age as affected by irrigation level, during 2004-2005 

Rabi season 

Irrigation level Days After Sowing (DAS) 

60 75 90 

1 1.58 1.83 1.86 

1 4.02 4.07 5.40 

N 4.69 5.83 6.08 

LSI) 0.05 0.18 0.29 0.13 

6.87 7.80 6.03 

No irrigation 
I $ - One irrimtton at 30 DAS 
N - two inigations at 30 and 60 DAS 

A signilicant difference was found in case of (lrv matter aectiniulation in 

siliquac at different times with different irrigation levels (Table 4.12). At every 

stage, maxinuhill dry weight of siliquac was found with Iwo irrigations at 31 and 

60 DAS (I.) while zero ilTigation treatment (N) produced the lowest dry weight of 

silcqtia. At advanced stages slower increasing trend was found at l and I t  which 

might he from the deficiency of soil moisture at these stages. Kant and Das (1986) 

and Paul and IJegum (1993) reported similar result. At 12 there was no deficiency 

of soil moisture at the advance stages. as a result dry matter accumulation was 

higher than those of other irrigation levels. 

71 



Table 4.12 Dry weight of siliquac per plant (g) of rapeseed line SAU-C-F7  at 
different age as affected by irrigation level (luring 2004-2005 Rabi 

season 

Irrigation level 	 Days after sowing (DAS) 

60 	 75 	 90 

10 	 1.34 	 2.72 	 2.85 

1 1 	 3.11 	 6.12 	 6.72 

11 	 3.91 	 7.18 	 10.40 

l.SI) 0.05 	 0.31 	 0.17 	 0.25 

CV (%) 	 8.02 	 4.44 	 3.64 

Figures in it column having a common letter do not differ sgnihcantly at 0.05 level. 

I. = No irrigation 
I = One irrigation at 30 DAS 
I 	Two I nigations 8! 30 and 60 DAS 

From Fhzttre 4.5, it was observed that accumulation of dry matter in 

siliquac was started at 60 DAS. At 60 DAS 39%. 37% and 37% (try matter was 

observed to accumutate in stem with increasing irrigation levels. At 75 DAS 55 0/"). 

58u and 50% dry matter was partitioned in siliqitac. At 90 DAS 61%. 55% and 

63% dry matter was observed to accumulate in siliquae with no l,, ! and 12. 
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Fig. 4.5 Dry matter accumulation in different parts of rapeseed line SALJ-C-F, 
at different ages as affected by irrigation level 
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4.3.2.3 Interaction effect of irrigation level and row spacing 

Interaction between irrigation and spacing produced significant variation in 

div matter accumulation in leats. stem and siliquac. In case of dry matter 

accumulation in leaves, the treatment 12S2 showed the highest at 60 and 75 DAS 

(Fig. 4.6). At both the stages the treatment LoS: produced the lowest dry matter in 

leaves, lii stem the treatmeill lS produced the highest dry matter in all the stages 

except 60 DAS. In case of 60 DAS the leaf canopy was lower ark! the spacing S: 

(31) ciii) was sufficient for canopy growth and that is why 1:51 produced highest 

(try matter in leaf per plant at this stage (2.27 g). At 75 DAS the highest dry matter 

was produced with I'S: and it was followed by lS . In case of stem dry eight. 

both ai 60 and 75 DAS 1.52 produced the highest dry matter. At 90 DAS. the 

liuliest di's matter was produced in I S (Fig. 4.7). The lowest dry matter was 

produced in I S1  ti'eattiient which was followed by LS, and lS. 

[.ikc dry matter production in leaves and in stem, significant interaction 

effect was found for dry matter accumulation in siliquac per plant (Fig. 4.3). The 

treatment I,S:, produced die highest dry matter in siliquae which was followed by 

12 5: for all the gro\tli stages (60 DAS. 75 DAS and 90 DAS). In this treatment 

two inigatiotis one at 30 DAS and other at 60 DAS provided favourable soil 

moisture and S6 (40 cm) provided the maximum space for plant growth and 

development for the reproductive organs which might he the causes of 

accumulating highest dry matter from the treatment 1:S3. 
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Fig. 4.6 Dry weight of leaves of rapeseed line SAU-C-F, at different ages as 
affected by the combined effect of irrigation level and row spacing 
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Fig. 4.7 Dry weight of stem of rapeseed line SAU-C-F7  at different ages as 
affected by the combined effect of irrigation level and row spacing 
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affected by the combined effect of irrigation level and row spacing 
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4.5 r\I)cr of plants per In2 at harvest 

Effect of row spacing 

Row spacing greatly influenced the number of plants per meter square. 

Signi Ream differences were found in case of plants per meter square under 

different row spacings. In the satdy, plants per meter square was decreased with 

the increase of row spacing (Fig 4.9). The highest number 01 plants per meter 

square (44.75) was band liii 20 cm row spacing while 40 cm row spacing cave 

the lowest of number of plants per meter square 30.17). The decrease of plant per 

meter square with the increase of row spacing was due to the less number of ro" s 

in a unit area. 

i: tTect of,  irriallfion level 

the nuiiiber of plant per meter square was not significatitly increased by 

jrri2ation in the study. There were little di iThrences among the number of plants 

per meter square (Fi. 4.10). Initially, seeds were given light irrigati011 for proper 

zermination and establ ishnient. Therefore. plant establishment was almost same in 

every plot. The highest number of plants per meter square (40.25) was tbund with 

two irrigations at 30 DAS and 60 DAS while the lowest nuniiber of plants (36.25) 

were found without irrigation in case of rapeseed line SAy-C-F7  (Fig. 4.10). Be• 

small differences were due to the mortality of some plants without irrigation. This 

result confirms the findings of Sarker et al. (2001) who noticed more number of 

populations per ni2  in rapeseed was more with increased irrigation levels but the 

differences were not statistically different. 
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Interaction effect of irrigation level and row spacing 

Significant variation in the number of ptants per meter square was found 

MI'lorit,. irrigation and row spacing conibinations (Fig. 4. 1 I ). In this study. 

stgm Iicantiv highest number of plants per meter square (48.50) was found from 

the interaction of one irrigation and 20 cm row spacing (IS). The second highest 

populauon was observed with 1S1  (43.25) which were identical with 10S1  (42.50). 

The lowest number of plants per meter square 24.25) was found from the 

interaction of one irrigation and 40 cm row spacing (1 ; S). These results indicated 

that spaci ii had more contribution than IrTigation in their interaction eflc; in 

relation to the number ol plants per meter square in the rapcseed line SAU-C-F-. 

4.6 Yield attributes 

4.6.1 Number of branches per plant 

Number of branches per plant is the result of genetic make up of the crop 

and environniental conditions, which plays a remarkable role towards the linal 

seed yield of the crop (Sana et at. 2003). Number of branches per plant is an 

important factor which :LIICCIS the yield per plant and in this stud it indicated that 

the number of branches per plant varied sigiiflcantly with different row spacing 

and Ic ye I of i rrigat i on. 

Effect of row spacing 

Number of branches per plant was significantly influenced by row spacing 

(Table 4.13). ('loser row spacitig sigili ficantly decreased the number of branches 
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per plant. The significantly highest number of branches per plant (7.83) was found 

in the widest row spacing of 40 cm and the lowest (6.38) from the closer row 

spacing ol' 20 clii. Wider spacing increased the number of branches per plant by 

22.7% over control. Intermediate spacing increased 13.0% branch. Chauhan ci (El. 

1993) found similar results. Lower density increased the number ol branches 

wh;ch nught be due to less inter plant competition for light, ntilrients, space and 

environmental resources (Alani. 2004). In rapeseed reduced number of branches 

per piant due to increasing population density has been reported by Girl and 

Gangasaran ( 1985), All ci a?. (I 990). Singh and Dlii I Ion (1991  ) and Smngh and 

\!erma (1993). Kumar and Ganwar (1984) obtained maximum number of primary 

and secondary branches plLtflt in /irassiea ca,npcs/ns at $0 and 40 cm apart in 

row, which eventually significantly increased the seed yield. When the crop was 

planted at 20 ) cm apart rows the ii umber of branches plant S was reduced resni (tug 

in less seed yield ha . Ganwar and Kumar ( 19S6) and Toniar (1989) reported that 

when Bi'ass,ca CamJX'S11'iS var. Toria was growing and maintaining 16.6 and 22.2 

plants ni (50 cm and 45 cm row spacing). it increased the number of primary and 

secondary branches plant : and those profuse branches was desirable for higher 

seed yield of rapcsced and mustard (Brassica caflIpCsI/'is and Brass/ca /uflccU). 

Shrief ci a?. (1990) reported that lower plant density increased the number of 

branches plant . Oad ci a?. (2002) found maximum branches per plant in safflower 

when row spacing was mar itained as 45 cm and it was significantly different from 

the number of branches found from 35 cm and 25 cm row spacing. 
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Eltect of irrigation level 

From the study it was lound that irrigation has great influence on the 

number of branches per plant in rapeseed line SAU-C-F7  (Table 4.14). Number of 

irrigation significantly increased the number of branches per plant. The niaxinluin 

numbers of branches (9.45) were found from a plant subjected to two irrigations. 

one at 30 DAS and oilier at 60 DAS. The lowest numbers of branches (4.49) were 

found tront control treatment. Ilie niaxinluni niercases in branches was observed 

as I I 0.5% compared In unirrigated control when two irrigation was applied at Al 

and 60 EAS. Branch number was also increased with the app1 iCahion of one 

irrigations at 30 DAS over control. But the rate was lower (62.36%) than two 

irrigations. Clarke (1 978) and Clarke and Simpson ( L 978) found that irrigation 

scarcely aliectcd number of branches plant* Joarder ci at. (1979) also observed 

that irrigation increased primary and secondary branches plant. Turner ci (1/. 

(1992) noticed stgniticant increase in the nunther of branches per plant up 10 two 

irrigations. Rahinan (1994)   also reported that two irrigations gave the highest 

number of branches planf and the lowest number of branches per plant was found 

in case of without irrigai ion. Probably irrigation water supported plant to initiate 

more branches. 

Interaction effect of irrigation levels and row spacing 

In the rapeseed line SALt-C-F7  the number of branches per plant were 

significantly increased by the in(eraction effect of irrigation level and row spacing 

(Table 4.15). The effect of irrigation interacts better with row spacing when 

sufficient moisture was supplied. in the study the max i mtim number of branches 
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per plant (9.57) was lound froni the interaction between two inigations at 30 and 

(() DAS (I) and 40 cm row spacing (SO. It was followed by all the combinations 

of row spacing with two irrigations ( IS. 12 S2  and 12 5;). The least number of 

branches (4.25) were found flow the interaction between l (without imgation) 

and close r row spacing of 30 cm (S1 ). Wider spacings combined with no irrigation 

could improve the situation. it revealed that a rapeseed plant with sullicictit 

moisture with sufficient space only produced higher number ol branches per plant. 

The current study with wider row spacing (40 cm) and two irrigations gate I ()7'0 

more branches than that of widcr spacing combined with no irrigation. This 

tnding was iii agreement with die result found by 1omer ci at. (1 992) who 

obtained maxtintini nuniber of branches per  plant w ith 40 cm row spacing and 2 

irrigattons at pretloweriiiu and fruiting stage. liTigated plant was stimulated to 

produce maximum branches when it had favourable environment due to wider rott 

spacing. 

4.6.2 Number of siliquae per plant 

Number of siliquac per plant is tIle result of genetic make up of the crop 

and environmental conditions (Sana ci al. . 2003). Ii is an important yield 

contrihutiig character which has a great effect on 111181 yield. 

Effect of row spacing 

SigniFicant difference was found in number of siliquae per plant at different 

row spacing. The numbcr of total siliquae per plant gradually declined with the 

increase in number of plants per unit area clue to closer spacing. This result 
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conhrfl1ed the hndings of Mi ci al. (1990). Srngh and Dhihlon (1991). Misra and 

Rana (I 992) Chattlian etal. (1993) and Roy ci at (1993). 

Table 4.13 Yield attributes and slekl of rapeseed line SA1.LCF7  as affected by 

row spacing (luring 2004-2005 Rabi season 

Row spacing No. of No. of No. of No. of seeds 1000-seed 

branches Sih(lua1e seeds plant" weight 

pplant' Si liq UI (q) 
plant

- 
-- 

S 1  6.38 73.28 18.01 1467.10 2.82 

7.21 74.63 20.25 1515.40 2.88 

7.83 79.47 20.30 1611.21) 2.94 

[SD 0.05 0.43 5.00 0.96 102.90 0.06 

CV (%) 8.06 7.70 5.73 7.84 2.54 

= 20 cm flA% spacing 

S1 r 30 Ciii lOW SPilC! Rg 

St 40 cm row spacing 

Increase in population by closer row spacing exerted a detrimental effect in 

si! iqua firtil itv in rapeseed ( Siddiqul. 1999). Table 4.13 showed that number of 

siliqitac per plani decrease with the increase of population per unit area. The 

highest number of siliquac per plant (79.47) was recorded at wider spacing of 40 

cm (S;) and the lowest (73.28) at closest spacing (20 cm) which was a difference 

of 8.5%. Number of siliquac plant directly correlates with dry matter production 

by the plants (Munner-Jolain et (i!.. 1998). Singh and Siugh ( 1984a) and Gupta 

(1988) obtained higher number of siliquae plant at lower plant density. The 

treatment S produced the lowest number of siliquac per plant. because mutual 

shading reduced the light interception. As a result, photosynthesis was affected 

and si I iqua Ibrniation was hampered. The wider spacing ( S ) produced more 
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itiniber of sitiqune plantd than closer row spacing because of the fact that wider 

spacing facilitates maximum utilization of solar energy by providing sufficient 

space to intercept tight as well as other environmental resources which helped 

photosynthesis and tiltiniately produced more dry matter that eventually 

partitioned towards sink (siliqua). This result was corroborated with the results 

found by Al am (2004). 

Effect of Irrigation level 

Number of siliquac is an important factor for increasing yield, which is 

adversely affected by the soil moisture. So irrigation plays an important role in 

increasing the vieW and yield attributes. In the present study. number of iniganon 

showed siuniticant variation in producing siliquae plant' (Table 4.14). Aniong the 

treatment F. produced the highest number of sil iquac (1203)   vliicli "as 

statistical lv different from l (75. 14) and L. (30.99) and the di 1tcrcices were 

288.2% and 145.71',,.. respectively over control. The treatment l (two I mgatto:is at 

30 DAS and 60 DAS) showed around 4 tunes higher number of siliquae per plant 

over the control (no irrigation). The treatment I ;  which received no irrigation 

throughout the life cycle thus produced the lowest number of siliquac. In case of 1: 

the second irrigation at siliqua formation stage helped in producing more number 

ofsiliquae. But in case of treatment I only one irrigation was applied at tiowering 

stage and at later stage (siliqua formation) insufficient soil moisture reduced the 

number of siliquae per plant. Second irrigation also reduced the dropping of 

siliquac. The results obtained from the study were partially supported by Clarke 

and Simpson (1978). Joarder ci al. (1979). Sarker and Hassan (I 988). Sha:ma and 
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kittuar (I 989a) and Dohariya and Mehta (1995) who reported that irrtgation 

increased sil iquae plani Tomcr et al. (1 992) concluded that number of si I iquae 

per plant was significantly increased Iti) to two irrigations at pro-flowering and 

fruiting stage. 

lable 	4.14 	Yield 	attributes of rapeseed line 	SALJ-CF7 	as affected 	by 

irrigation level during 2004-2005 Rabi season 

Irrigation level 	No. of No. of No. of No. of 1001)-seed 

branches siliquac seeds seeds weight 

p lan 	' plant ,  siliqu a j)ktn_i' 

11. 	 4.49 3099 17.51 543M0 1.71 

76.14 19.69 1482,30 2.S6 

L 	 9.45 12 21.37 2567.50 3.07 

LSl) 0.05 	0.38 8.81 0.96 17120 0.09 

CV (%) 	8.06 7.70 5.73 7.84 2.54 

1 = No 1IT12att011 
I = One irrigation at 30 DAS 
F. = Two irrigations at 30 and 60 DAS 

Interaction effect of irrigation level and row spacing 

Favourable moisture rewnics fflfluenced plant to produce iliore hiotiiztss, 

which cventuall portioned to s:liquae. Significant difference was tound due to the 

interaction of irrigation and row spacing (Table 4.15). Two irrigation, at 40 cm 

row spacing ( lS ) produced the highest number of siliquac per plant (1 3 1 .40) 

which about 392.1% greater than that of IS2, which conlirmed the results of 

Torncr cx ci. (1992). The lowest number of siliquae (26.70) was found from the 

treatnient 	Even wider space with no irrigation could not improve the siliquae 

nutiibcr. At lS; second irrigation provided sufficient soil moisture and S provided 
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more space and light which helped in producing more siliquac. Andrews (1972) 

reported the positive effect of irrigation water towards siliqua formation. 

Table 4.15 	Yield attributes or rapeseed line SAU-C-F7  as affected by the 
combined effect of irrigation level and row spacing during 2004-

2005 Rabi season 

Irrigation level No. of No. of No. of No. of 1000-seed 

x branches siliquac seeds seeds weight 

j)lant' plant siliqui' plaiit' (g) Row spacing - 
4.25 26.70 19.26 525.10 2.66 

4.611 27.05 16.06 429.20 2.76 

1S; 4.62 39.22 17.20 676.60 272 

1,S1  6.45 61.41 20.70 1270.30 2.93 

IS 7.70 79.95 2 2.2 5 1775.60 2.88 

l:S; 7.72 S7.05 16.11 1402.51) 2.89 

lS 942 112.10 20.(.5 2628.40 2,91,  

9.35 17.30 22.44 2321.3) 30! 

lls, 9.57 131.4(1 20.72 2751.40 3.21 

LSI) 0.05 0.84 8.67 1.66 178.20 0.10 

cv %) 8.06 7.70 5.73 7.84 254 

No irrigation 	 S, 20cm row spacilig 

11 - One irrigation at 30 DAS 	S3  30 cm row spacing 

Two irrigations at 30 and 60 DAS S.t = 40 CU) row spacing 

6.3 Number olseeds per siliqiia 

Number of seeds per siiiqua is also an important factor which contrtbutcs 

towards seed yield. Rov spacings as well as irrigation levels had a sigrtiticant 

effect on the number of seeds siliqua in ibis study. 

Effect of row spac•In 



Number of seeds per siliqua varied significantly with the variation in FOW 

spacing. It evicleni that the number of seeds per siliqua significantly decreases with 

the increase of population density for closer row spacing (Table 4.13). On an 

average, the highest number of seeds per siliqua (20.30) was recorded from the 

widest row spacing of 40 ciii which was statistically identical with the seeds per 

siliqua lound from 30 cm row spacing. The lowest number of seeds per siliqua 

(18.01) was found from the closest row spacing of 20 ciii. Decrease in row spacing 

increase population density which decreases the number of seeds per stliqua 

because increasing population density exerted a detriniental effect on .sitiqua 

tormatton in rapesced ( Siddiqui. 1 999) . Singh and Singh (1 984a) reported that the 

nuniber of seeds siliquz( increased as the plant density decreased. Because. 81 

lti1her densities inter-plain conipeti tion was also highest which eventually caused 

reduction in number of seeds per siliqua. Reduction in number of seeds per siliqua 

in rapcsecd and niusuird t% itli increasing population densit was reported b Singlt 

and Singh (1 984b). Singh and Dhillon (1991). Misra and Rana (1992) and Sharma 

( 1Y92). 

Effect of irrigation level 

Nitiiiber seeds per siliqua were significantly affected by irrigation levels in 

this experiment. The number of seeds per siliqua was increased with the increase 

of inigalion nuniher (Table 4.14). The significantly highest number of seeds 

(21.37) was found with two irrigations at 30 DAS and 60 DAS while the lowest 

number of seed per siliqun (17.51) was found from the control treatment. Seed per 

Si I iqua increased with increasing levels of irrigation due to the supply ol adequate 
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soil nwistiire which helped to he the siltquae longer and have more number of 

seeds The second irrigation at 60 helped in the formation of seeds in siliqua. 

1 omer et ci. (1992) found a significant increase of seeds siliqua' with two 

irrigations-One at pm-flowering stage and another at fruiting stage. A number of 

researchers (Clarke and Sim))son, 1978; Prasad and Eshanullah (1988), Sarker and 

Hassan. 1988; Sharmu and Kuniar. I 989b and Dohariya and Mchta (1995) also 

observed that irrigation increased number of seed siliqua'. 

Interaction effect of irrigation level and row spacing 

Irrigation as well as row spacing interact each other to produce seeds per 

siliqua in rapesced line S.AU-C-F. Significant variations in the number of seeds 

per Si I iqua were found with the difiereni interact ton of irrigation and row spaeitig 

in the study (Table 4.15). The highest number of seeds per siliqua (2144) as 

found when two itTigations were applied with 30 cm row spacing (I'S:) which was 

tollowed by uS: ()2.25) and hS1  (20.95). The lowest number of seeds per siltqua 

16.06) were lound tram the treaullent IS which was statistically identical with 

l 0
5 and I S. It re caled that irrigation had contributed more in the fonnation of 

seed in the sihiqua of ider spaced plant. The increasing (lenlanci of moisture for 

sihiqua setting was only fulfilled in the plots provided by two irrigations. 

4.6.4 Number of seeds per plant 

The number of seeds per plant contributes materially towards the finat seed 

yield in rapeseed and it was affected by irrigation levels and row spacing in this 

stttdv. 
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Ellect of row spacing 

Row spacing also affected the number of seeds per plant significantly in the 

siudv (Table 4.13). Row spacing of 40 cm provided the highest number of seed per 

plant (1611 .2) which was also identical with the results at 30 cm spacing. The 

number of seeds was found 10 he lowest (1467.1) with 20 ciii spacing which was 

identical witlh the result of 30 cm spacing. The closer the row spacing lower was 

the number of seeds per plant. It might be clue to less number of siliquae per plant 

as well as less number seeds per siliquu as higher population density subjected to 

max iniuni competition. 	vhich affected the siliquac krtihtty. Flie similar 

concltNion was drawn by Siddiqut (1999). 

I:llect of irrigation level 

Number of seeds per plant was greally increased with the increase of 

imgaiioii levels in rapeseed line SAU-C-F-. Because irrigation sigiiiiicanily 

increased the number of si I iquae per plant and seeds per Si I iqua as well ([able 

4.14). The highest number of seeds per plant (2567.5) was found from two 

irrigation at 30 DAS and 60 DAS because irrigation created favourable conditions 

to develop siliqtiac and seeds. The lowest number of seeds per plant (543.6) was 

found with unirrigated control. The treatment I produced around 3 times and 4 

times more seeds than 11  and I, respectively. The reason for the niaximurn number 

of seeds plant with two irrigations might be due to adequate soil moisture at 
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flowering and seed lilling stage. Two irrigations increased the number of sihquae 

per plant as well as seeds per siliqua which are in consonance with those of Saran 

and Gin (1988). Angadi ci 11. (1999) reported that iii semi-arid regions. the 

rooting characteristics of canola (lirassica napus) require adequate subsoil 

iloisture to sustain the crop during flowering and seed filling to get more seeds per 

plant.  

Interaction effect of irrigation level and row spacing 

In the study, the interaction of irrigation levels and row spacing has ako a 

great influence on (lie number of seeds per plant. Any interaction of row spacing 

with two irrigations one at 30 DAS and other at 60 DAS provided more number ol 

seeds per plant i ian -)the,-.,;(Fable 4. I 5). The liithest number of seeds (275 I .4) 

were found with the interaction of two irrigations and 40 ciii ro\ spacing 1:S) 

which was statistically identical with the number of seeds per plant found from the 

interaction 01 two irrigations and 20 cm row spacing (12S1 ). The lowest number of 

seed (429.2) was found from non irrigated condition at 30 cm row spacing 

This result corroborated with the finding of Saran and Gin (1988). 

4.6.5 1000-seed weight 

The weight of seed is related with the magnitude of seed development 

because it is an important yield determinant factor and plays a decisive role in 

expressions yield potential of a variety (Sana et al. 2003). It is evident irom the 

study that loOt-seed weights of rapeseed line SAU-C-F7  greatly affect the yield. 
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Effect of rOW spacing 

uliousand seed 	
eighi of rapeseed tine sALC-l7 was significantly 

influence(i by row spacing (1able 4.13). Sparsely populated crop produced hea icr 

opulated one. The highest 1000-seed weight of 2.94 g WaS 
seeds than densely p  

recorded from the widest row spacing of 40 cm but it was statistically identical 

vi1h the seed weight nieasttred from 30 cm row spacing. The lowest I noD-seed 

weig
ht (2.82 g) was obtained ftom the closest row spacing of 20 cm. In general. 

higher was the population density lower was the 1000-seed weight which 

con firmed the flndngs ol Siugh and Dhitlofl (I 99 I). Singh and \ernia (t 993). 

Singh cfl 
uI (1996) At wider row spacing 1000-seed weight was higher because 

inter-plant coinpetittOn waS less and the plants got more space and growth 

resotrices for better seed development which resulted in heavier seed
,.; (Siddiqtii. 

9991. At closer row spacing the situation was just reverse. Reduction in 10(i0-

seed weight due to increased population density was been reported by Miah ci al. 

(1987)- Gupta ( L 988). in mtLstar± Misra and Rana (1992) and Chauhan 
Cl al. 

(1993) in rapeseed: Prasad etal. (1993) in soybean; Kenjale et al. (1995) in French 

bean: and Reddy and Girt (1989) in grouncliitit. 

Effect of irrigation level 

From Table 4.14. it can he seen that the irrigation tevels had signiticartt 

effect on boo-seed weight. Two irrigations at 30 DAS and 60 DAS produced the 

highest 1000-seed weight of 3.07 g which was significantly superior to 2.86 g 

produced by one irrigation applied at 30 DAS. The lowest 1000-seed weight (271 

u) '\a 	
outiced b\ p:tnts without irrigation (control). More seed 

weitz!1I 
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gained with more irrigation. Raiimari (1 994) found a significant effect of irrigation 

on 1000-seed weight. The results obtained in the study were supported by Sarkar 

and flassan (1988), Sharnm and Kwiiar (1990) and Sarker cc c'iL (2000) who 

reported that increasing frequency of irrigation increased 1000-seed weight. 

Interaction effect of irrigation levels and row spacing 

In this study, interaction efI'ëct of irngatioii arid rov spacing was lotind 

I ticant in relation to I 000-seed weight of rapeseed tine S.AU-C-F- (Table 

4.15). The highest weight oft 000 seed (3.21 g) was found [Toni the combination 

of two irrigation one at 30 DAS aiid other at 60 DAS with 40 cm row spacing 

I. I 	). Tonier 	al. ( 1992)    also foun(i maxinitim weight of 1 000 seed (3.93 ifl with 

2 irrigations at ]m eflo\%cring and fruiting stages at 40 cm row spacing. The lightest 

seed was found horn the treatment combination of no irrigation and 20 cm row 

spacing ( 1,S ). l-lowever. the combination of the all the row spacings with no 

irrigation treatment were found statistically identical. 

4.7 Seed yield per plant 

Effect of row spacing 

Ro 	spacing is an important thetor, which facilitates the use of plant 

nutrition, air and space to promote the seed yield of rapesced (Thurling. 1974; 

'l'onier ci at. 1992; Stialiidultah et al.. 1997 and Roshid, 1998). In the present 

study, signi leant variation was found in seed yield per plant at different row 

spacings (Table 4.16). Among the treatments S (40 cm row spacing) produced the 

highest seed yield per pLant (4.76 g) which was statistically identical to S (30 cr11 
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row spacing) where as S produced the lo est seed yield per plant (3.68 g. Seed 

vieW plant' with 40 cm iow spacing was 29.34% and 1.28% higher than 20 eni 

row spacing (S, ) and 30 ciii row spacing (SJ. respectively. As the treatment S; 

provided the maximum space, the rate of photosynthesis was higher and the 

partitioning ofphotosvntliate was effectively translocated to the reproductive part. 

The reduction in seed yield per plant might be due to cumulative ellen of less 

number ol siliquac. smaller seed stze. less number of seed per siliqua at for closer 

row spacing at S (20 ciii row spacing). This results corroborated with the restitl of 

Siddiqui (1999). 

Effect of irrigation level 

Seed vieki per plant is it  complex character which depends on the different 

\'ICILI contributing characters such as number of branches, number ol si I iquac l' 

plant. number of seed per sitiqua. 1000-seed weight etc. In this study seed yield 

per plant was siuni ficantly in Iluenced by different irrigation treatments (Table 

4.17) which ultimately affected those characters mentioned above. The treatment 

12  (two irrigation- one at 30 DAS and other 81 60 DAS) produced the highest seed 

yield per plant (7.48 g) which was statistically different from I (one irrigation at 

30 DAS) (4.00 g) and the least seed yield was (bund at 1, (no irrigation) 11.61 g). 

The increased seed yield plant with two irrigations (12) was 364.59 % and 

84.97% hieher than one irrigation (I,) and without irrigation ( L). The treatment 12 

produced the highest number of branches, siliquac per plant, seed per siliqua. 

1000-seed weight which ultimately increased the yield per plant. The second 

irrigation which was applied 60 DAS tremendously increased the number of 
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siliquac which might be the major causes for increasing the yield. The twatment I 

vlicre only one irrigation was applied at branching stage increased the number of 

branches but during the sitiqua formation stage the insufticient soil moisture 

hampered the siltqua production. The towest yield was found from controt 

treatment (no irrigation) because in this case growth and reproduction was 

hampered due to soil moisture deficit throughout the uk cycle, which aggravated 

leaf senescence These results corroborate the IlndLngs of Girl (2001) in case of 

rapesecO. Seed yield is weatly affected by water stress during 110 er initiation and 

siliqtia fitting stage. Two irrigatiotis. one after 30 DAS and another at 60 DAS 

(siliqita tilling stage) were most economic to increase the seed yield (Richard and 

hurl ing. 1 978). Irrigation greatly helps in retaining leaves which produces 
T  

assi nil lutes for a longer period and thus increase seed yield (Major. 1 977). In 

/Jrasstca napus 
removal of Leaves at the commencement of flo ering adversely 

affects yield, but detbliatioll after flowering has no significant effect (Fraynmn 
d 

(,?.. 
1973: Clarke. 1978). The increased seed weight may be due to the a\ ailubility 

of more photosynthate to the lesser number of seeds produced tinder such 

circumstances of irrigation (Kaul and Das. 1986). Rahman (1994) reported that the 

highest seed weight plant' was produced by two irrigations which 	
erc 

statistically superior to that produced by one irrigation. 

Interaction effect of irrigation levels and row spacing 

Significant interaction between irrigation and row spacing was found for 

the production Of seed yield per plant in rapeseed Line SAV-C-F7 (Table 4.18). 

96 



Among the treutrielits [2S (two irfigahioT) at 30 DAs and 60 DAS and 40 cm row 

spacing) produced the highest seed yield per plant (8.25 g) and it was followed by 

12S: (7.99 g). The treatment I-S1  produced the next highest yield which may he due 

to the shortage of soil moisture throitghout the life cycle of plant. The least seed 

yield was confirmed with l,)S2  (1.22 g). Treatment IzS.i ouiyielded 1,S2  by 

576.23%. Gin (2001) also tound the maximum seed yield plant-,  with 2 irrigations 

at flowering and pod developing stages with wider row spacing (50 cm). 

fable 4.16 Yield and harvest index of rapeseed line SAU-C-F7  as affected by 

row spacing during 2004-2005 Rabi season 

l(os spacing seed yield Seed Stover Biological harvest 

plant-  ieId yield yield index 

(g) (kg ha4) (kg haS ') (kg hi') (A) 

S. 3A9 1502.20 2767.40 45S5. 10 32.17 

4 70 179350 2933.20 6162.20 3020 

St 4.76 1652.30 2558.60 5218-3() 33.58 

LSD 0.05 0.42 196.80 75.86 211.30 2.20 

CV (%) 11.30 13.91 3.21 5.60 8.04 

SI 	20 cr11 row spacing 

S2 - 30 cm row spacing 
40 crit row spacing 
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Stover Biological Harvest 
yield yield index 

(kg hi') 

1232.10 1824.10 32.67 

3247.50 5218.40 27.20 

3779.30 6162.30 47.08 

58.26 	332.2 	5.596 

3.21 	5.60 	8.04 

Table 4.17 Yield and harvest index of rapeseed line SAU-C-F, as affected by 
irrigation level during 2004-2005 Rabi season 

Irrigation level Seed yield Seed yield 
planf' (g) (kg hi') 

L 1.61 592.00 

1 4.06 1439.40 

12 7.48 2915.10 

ISU 0.05 0.744 356 

CV (%) 11.30 13.91 

1\O iLTigation 
1 	One irrigation at 30 DAS 

= Twoirrigations at 30 and 60 DAS 
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harvest index of rapeseed line Situ-C-F7  as affected by 
Yield and Table 4.1$ 
the combined effect of irrigation level and row spacing during 

2004-2005 Rabi season 

Irrigation levels 	Seed yield Seed Stover Biological Harvest 
index (%) 

plant yield yield yield 

(g) _4hii 
(kg hi') (kg ha4 ) - 	- 

Row 	cin° - 
l,,S1  1.50 664.70 1313.10 1978,40 33.31 

L,S2  1.22 63(40 145120 1931.30 24.73 

l uS: 2.06 479.90 932.90 1564.20 39.91 

1S 3.31 1607.20 3131.70 5730.10 28.00 

IS2 4.82 1729.10 3363.60 5447.10 31.71 

lS 4.04 98L.90 3494.50 4476.40 21.90 

lS; 6.19 2683.10 27(8.30 6047.10 46.74 

(:S: 7.99 3169.40 4123.40 6300.40 50.29 

l.S 8.25 2891.20 3247.20 6138.10 44.21 

lSl) 0.05 	 0.73 340.80 131.40 366.10 4.25 

(\' ('V.,) 11.30 13.91 3.21 5.60 8.04 

I 	= No irrigation 5, = 20cm row spacing 

I 	= One irrigation at 30 DAS S2 	30 cm row spacing 

12 - iwo irrhaiions at 30 and 60 DAS S3  = 40 cm row spacing 
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4.8 Seed yield per hectare 

Effect of row spacing 

Row spacing has signi ficasit effect on plant population per unit area. 

number of siliquac per plant. number of seeds per siliqua and individual seed 

weight and the improved seed yield per hectare. Table 4.16 showed the signiic2tflt 

variation in seed yield per hectare at different row spacing ranging From 1502.20 

to 1793.50 kg. The treatment S2  produced the significantly highest seed yield 

(l935 kg ha') which was followed by S; (1652.3 kg hai. 1 he nmxinlum seed 

yield ha with 30 cm row spacing was 19.39% and 8.54% higher than the yield 

obtained from 20 cm and 40 cm row spacing, respectively, ibis indicated that (lie 

number of plant population must he optimuni to achieve the highest seed yield. In 

case of excessive plant population inter and inira-plant conipetittOn reauces the 

seed yield. On the contrary. the lower number of plant per unit area reduced tue 

seed yield due to insufficient plant population. So. Si treatment provided 

ma xi mimi number of plant population 

mutual shading and less photosynthesis 

which decreased the seed yield due to 

It indicated that among the row spacings 

S provided optimum number of plant as well as the highest yield. The treatment 

S produced the lowest yield (1502.2 kg haS '). Too large population causes inter 

and intra plant competition. reduce the overall efficiency of crop (Siddiqlti. 1999) 

BARI (1989) reported flaititni seed yi
eld ha ' with 30 cm row spacing. Paid et 

/. (1980) and Singh and Singh (1987) found maxinhuilt seed yield with 45 cm ro 

spacing. These results supported the agreement with those of ScarisbricL ci al. 

(1982). Hamid and l-(asheni (1987) and Islam (1992) who reported that the highest 

seed yield er hectare of rapeseed could be achieved with population densjties 
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i'anging from 50 to 60 plants 111 1. Singh and Dhillon (1991), Sharma and Thakur 

(1993). Singh and Veniia (1993) and (iui:iar and Chuuhan (1 997) found maximum 

seed yield per hectare with 30 cm row spacing. Alam (2004) observed that 

intermediate plant density assisted to produce substantially higher seed yield. This 

was main lv due to the riicc that an optimum plant density fad I itated maximum 

utilization of solar radiation and nutrients which enhanced total dry matter 

production and development of other yield components. Closer row spacing 

causes conipetition for light. space. nutrients and environments and therelore. 

could not produce branches plant. siliquae plant', seeds silrqua. 1000-seed 

weight and ul timatel v seed yield per unit area. Khader and Rhargava (1985 )   and 

Gupta ( I 9SS ) recorded maxtniunl seed yield of /irassicci fit/it ('Cl and IIiYisSiCU 

(1tlfl/k'Sfli. 	itIi pint density of 44 plants n1 (40 cm row spacing). Singh and 

Singh (I 934a) obtained higher seed yield of Brassica cainpus/ris var. Toria with 

plant density level at 33.3 plants ni (45 cm row spacing). 

Effect of irrigation level 

Irrigation significantly increased the seed yield per hectare in rapesced line 

SAL-C-I -. In this study seed yield per hectare increased with increase of irrigation 

levels (Table 4.17). Maximum seed yield per hectare (2915.11) kg) was found from 

two irrigations (One at 30 DAS and another at 60 DAS) which were 206.65% and 

102.52% hkzher than the yield obtained from the control Irealment (la) and one 

irrigation (l i ). The lowest seed yield ha' was found from unirrigated control 

092.00 kg tin'). In control condition high mortality of seedlings resulting from 

shortage of soil nioisture drastically reduced the yield. Saniui d at. (1936) and 



\lala ía ci cii. ( 988) reported similar results in mustard. Under no irrigation 

treatinelli internal moisture deficit led to tower plant height. fulled to increase in 

gro' th parameters and reduced the net assimilate rate, which adversely affected 

yield coniponents and thus yield was reduced. The treatment I (one at 30 DAS 

arid another at 60 DAS) significantly increased the seed yield due to favourable 

grotli condition 	ith maximulil production of dry matter especially at stliqua 

formation stage ihe second inigation helped increasing the sil iquae number. 

Similar result was also foitnd by Singh ci at (I 972) and Ali (1973) who noticed 

that the seed yield increased when the crop was irrigated twice - once at flowering 

stage. and the other at fruit forming stage rather than one - at flowering stage. [lie 

results obtained from the study are in aureenleilt with those obtained by Joarder ci 

a/. (1979) who reported that irrigation increased seed yield of niustard Samnia and 

Kin na; (I 989a ) observed that seed victd was increased \vi tl increasing Ilequenc> 

of irrigation. Singh and Smivastava (1986)   revealed that yield was the high 	h est 	it 

two irrigations Rahman (1994) reported that the highest seed yield was produced 

by two irrigations. The significantly lowest yield was produced by no irrigation 

and this was statisticat lv inferior to one irrigation. Under non-irrigated condition 

tnternal niotsItire deficit led to lower plant height, thiled to inCrease the growth 

parameters, which adversely affected the yield conipoflents, viz div matter 

accumulation. sitiquae plant". seeds siliqua' and I 000-seed weight (Tomer ci al.. 

1992). l'hese result corroborated with the results of Khan and .Agarwal (1985). 

Samui ci at. (1986). Malavia ci al. (1988), Rana ci al. (1991) and Gill and Narag 

(1993). \tater stress during flowering causes severe yield loss. Johnston ci at 

(2002) reported that heat stress during flowering of a canola (lirassica na/fl(s) crop 
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cail perillaflently stoj) flowering, resulting in limited seed set alter accumulation of 

large arnolul ts of dry matter. 

Interaction effect of irrigation Level and row spacing 

Interaction between irrigation and row spacing plays an iniportailt role for 

promoting the yield. Table 4.18 showed significant variation in interaction effect 

bcnvceil 1-
rnuItt011 and row spacing . Among the treatnients I :S: prodttced the 

highest seed yield 0169.40 kg ha4 ) which was 560.42% higher than the lowest 

yield (479.90 kg ha') by l,S;. It was followed by l2S (2891.20 kg ha ). The 

lowest seed yield was obtained from 	This result confirmed the findings of 

Siag ci a! (199) who obtained niax inium yiel(i with t a trrnatIons at branching 

and riowerm stages with 30 cm row spacing. (iiU and Narag 1993) also found 

similar result wiih 45 cm row spacing. Al lS:  two irrigatloils at 30 DAS and 60 

DAS along with 30 cm ro" spacing provided optinitini soil moisture for adequate 

number of plant population which helped producing higher yield tliaii the other 

treatments. The treatment 1( 53  produced the lowest yield whch might be referred 

to soil moisture deficit and inadequate plant population. 

4.9 Stover yield per hectare 

Effect of row spacing 

Stover yield of rapeseed is greatly aflëeted by row spacilig as it was 

deterniined by plant population per unit area. Table 4.16 showed significant 

variation in stover yield among the row spacings. Among 3 row spacings (20. 30 

test iitcantiy ihest stover yield and 40 cm). 30 cm row spacing produced 	g 	 g  
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2933.20 k2 ha4 ) which was 5.99.65% and 14.64% higher than the stover yield 

olnainec! from 20 cm row spacing (S ) and 40 cm row spacing (5 3 ). Patel ri al. 

I 9S0) and Chauhan Cf (1I. (1993) found niaxinitifli stover yield with 30 cm row 

spacing. [he 30 cm row spacing maintained adequate number of plants ith 

higher biorriass yield. At S1  (20 cm row spacing) though the plant populatton was 

higher. lower was the plant growth which was found due to inter-plant competitiOn 

that reduced the stover yield. At 40 cm row spacing though the plant growth was 

more vigorous hut lower plant population reduced the stover yield per unit area 

due to poor growth performance. 

F:ffect of irrigation level 

[lie number ol irrkation increases the plant height. number ol branches. 

number of leaves. length of the inflorescence which intimately increases die sto\er 

yield. In this study, significant variation was found in stover yield at different 

irrigation levels (Table 4.17). The treatnient 1 produced the highest stover yield 

(3778.40 kg lia ) which wasstatistically different from 1 and I,. It was 206.65% 

and 16.354 n higher than the yield found from 1 (no irrigation) and I (one 

irrigation at 30 DAS). respectively. in the previous discussion it Was shown that 

the I. treatment produced the tallest plant height. number of branches per plant and 

number of silRltiae per plant. which cumulated the increased stover yield. The 

trcatmcnt l (no liTigation) produced the lowest stover yield (1232.10 kg hai. 

Patci ci a! (1991). Sarker ci al. (2000), and Sarker ci ai. (2001) found increased 

stover yield with increase number of irrigation. Sarker (1994) reported that tWO 

irrigations gave the highest stover yield plant" wlii Ic the lowest yield was tOLInU 
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from zero irrigation. This was in conformity with the findings of Saran and Girl 

(1988). 

Interaction effect of irrigation level and row spacing 

The number of irrigation along with different row spacing showed 

significant variation in producing stover yield. Table 4.18 showed that the 

ircatnient lS produced the significantly highest stover yield (4123.40 kg ha' 

whereas the treatment l,S3 produced the lowest sloven yield (932.90 kg ha ). 

4.10 Biological yield per hectare 

Biological yield is the summation of seed yield and stover yield which was 

greatly iifluenced 1w different row spacing and irrigation level. 

Effect of row spacing 

The row spacing is an important factor for biological yield per unit area 

because number of plant population significantly influences the total biomass per 

unit area. In this experiment, Table 4.16 showed that the row spacing had 

significant effect on biological yield. The highest bionnass (6162.20 kg had ) was 

produced at S2  (20 cm row spacing) which was significantly different from 

biornass produced at S (40 cm row spacing). The second highest biological yield 

(5218.30 kg haS ') was found at S3  (40 cm row spacing) which was statistically 

identical with S1  (20 en) row spacing) which produced lowest biological yield 

(4585.10 kg haS '). At S2  adequate number of plants increased the biological ycld. 

On the contrary. St provided the highest number of plant population but the 
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niiitual shading rcduced the photosynthesis Leading to production of minimum 

biornass, which measured in lower biological yield. The lowest biological yield in 

S 3  was due to inadequate plant population. 

Effect of irrigation level 

Different irrigation levels produced significantly variation in biological 

yield of rapeseed line SA[-C-F. Among the three irrigation levels 12 produced the 

highest bioloizical yield (6162.3 kg ha'). The control trealment produced the 

lowest biological yield (1824.10 kg haS h) which may be referred to water stress. 

Table 4.17 showed that 1. increased not only seed yield but also hay yield. 

Reproductive developn'ient as vetL as vegetative growth promote the biological 

yield. l)i fkrent experiments showed significant variation in biological yield at 

different irrigation levels. So, stover yield is equally imporuint to seed yield for 

biological vieW. Biological yield increases with the increase in irrigation levels 

(Saran and Girl. 1988). Niaxinium plant survival was also a reason to give highest 

biological yield per heetare (Subhanullah ci (1!., 1997) because they produced 

more seed and stover with two imgations. 

Inleraction effect of irrigation level and row spacing 

Table 4.18 showed that the combined effect of irrigation and row spacing 

influenced the biological yield (kg haS ') in the present stud>'. The treatment 1S2  

produced the highest biological yield and it was followed by 12S3  and l 2S1 . The 

lowest hiomass was found from the treatment 1053 and significantly different from 

the other. 
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4.11 Harvest index 

Harvest index is the ratio of economic yield and biological yield and it was 

also influenced by row spacings and different irrigation levels. 

Effect of row spacing 

Different row spacing affected the plant population which ultimately 

affected the reproduclion and growth of rapeseed line SAU-C'-F. In this study row 

spacing had significant effect on harvest index (Table 4.16). The treatment 52 

produced the highest harvest index (36.02%) which was significantly greater than 

S (33.58%) and S1  (32.1 7%). This results corroborated the result of Shrief ci a]. 

1990). According to Singh c'( at (1996). maximum harvest index was found with 

$0 em row SLCiFig. Mi c( ai. (1996) reported the highest harvest index at plant 

density of 40 plants in* Singh and Singh (I 984a) reported that at higher plant 

densttv levels of 33.3 plants m 2  resulted with higher harvest index and 

consequently higher grain yield in Brass/ca cwnpestris. Roshid (1998) observed 

that harvest index declined as the population densities exceeded 40 plants 111-2  in 

sesame. 

Effect of irrigation level 

It was observed from the Table 4.17 that different irrigation levels had 

significant effect on harvest index. Among the three irrigation levels two 

irrigations gave the highest harvest index (47.08%) and it was significantly 

different from the other treatments. The lowest value of harvest index (27.20%) 

was obtained from the treatment I (one irrigation at 30 DAS). Two irrigations, 
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one at 30 DAS and oilier at 60 DAS produced higher seed yield which increased 

the harvest index. At 1 treatment the plant suffered from severe water stress 

condition and they reproduced poor seed. One irrigation at pie-flowering stage 

increased the vegetative growth but at reproductive phase due to shortage of soil 

moisture the seed yield was seriously hampered and that is why it produced the 

lowest harvest index. Shrivastava ci ci. (1988) also found that two irrigations at 

prc-flowering and seed development stages produced higher harvest index Similar 

results were obtained by Sarker (1994) who observed that two irrigations gave the 

higher harvest index and this was statistically superior to one irrigation. He found 

the lowest harvest index was given by no irrigation which was statistically inferior 

to two imgatioris but statistical Iv identical wi ili one irrigation. Ii is evident from 

the result that increasing irrigation levels significantly increased harvest index. 

The cause of increase in harvest index may be due to the higher seed yield 

compared to biological yield as obtained by increasing levels of irrigation. 

Interaction effect of irrigation level and row spacing 

Interaction between irrigation and row spacing may be important 

determining facior for harvest index. Table 4.18 showed the signi [leant interaction 

between irrigation and row spacing on harvest index where the treatment lS 

produced the highest harvest index (50.29%) which was followed by 11S1  

(46.741/'f)). The treatment l S3  produced the lowest harvest index (21.90%). In the 

treatment I'S2. two irrigations one at 30 DAS and other at 60 DAS influenced the 

economic yield with optimized plant population. In the treatment 1253 though two 

irrigations were applied the wider plant spacing facilitated vegetative growth 

108 



rallier than reproductive development. As a result, the harvest index was smaller 

than l.S. 

09 



4.12 Correlation and regression analysis 

Table 4.19 revealed that number of branches plant'', number of siliquac 

plant', number of seeds 	number of seed plant'', 1000-seed weight and 

seed yield plant were positively correlated with each other. The intercorrelations 

were also significant except the relation of number of branches plant' and number 

of siliquac plant' each with the number of seeds siliqua'1. Number of branches 

plant"'. number of si I iquac plant",  number of seeds si I iqua' . number of seed plant 

I 000-seed eight had a significant correlation with seed yield plant with the r 

values of 0.95. 0.97, 067, 0.96 and 0.94. All of them except number of seed 

siliqua' were hi2hlv sitrniflcant. Number of seed siliqua' Was significantly 

correlated with seed yield plant' at 5% level. The coefficients of determination 

also showed a positive linear and significant relation of number of branches plant 

1. nLutlbcr of siliquae plant'. number of seeds siliqua''. number of seed plant'. 

1000-seed weight with seed yield plant" with R7  --0.91 't*, R0.95**, R:=0.46*.  

R1  ().92**. R2 _0.88**. respectively (Fig. 4.12, 4.13, 3.14. 4.15 and 4.16). The 

slope for number of stliquae plant" and seed yield plant" indicated that an 

increment or  1 siliquac plant" increases 0.06 g seed yield plant" (Fig. 4.13). 

The seed yield variations of rapesced could be attributed to the number of 

branches plant', number of siliquae plant', number of seeds siitqua". number of 

seed plant'. 1000-seed weight following different row spacing and irngation 

levels in rapeseed plant. The above relations suggested ensuring the maximum 

yield it should be improved the yield attributes. 
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Table 4.19 Correlation between seed yield and yield attributes of rapeseed 

line SAU-C-177  as affected by the combination effect of irrigation 

level and row spacing 

Parameters 	No. of No. of No. of No. of 1000-seed Seed yield 

branches siliquae seeds seeds weight plant" 

plant" plant" siliqua' plant" (g) (g) 

No. of 	 1.00 0.98 0.61 0.97 0.92 0.95 

branches ** NS ** *4 *4 

plant" 

No. of 	 1.00 
siliquae 
plant" 

No. of seeds 
si Ii l  u 

No. of seeds 
plant" 

I 000-seed 
weight 
(C 

Seed yield 
plant" 
£0 'a, 

significant at the 0.01 level. 
significant aL the 0.05 level. 

NS = non-significant 

0.58 	0.97 0.95 0.97 

NS 	4* ** ** 

1.00 	0.68 0.50 0.67 
* NS * 

1.00 0.93 0.96 
*4 ** 

1.00 0.94 

1.00 



7.0 

MI 

1.0 

4 	5 	6 	7 	8 	9 	10 

No. of branches plani' 

Fig. 4.12 Relationship between number of branches plani' and seed yield 
plani' of rapeseed line SAU-C-F7 

112 



9.0 

7.0 

M. 
OL 

3.0 

2.0 

1.0 

MOO 

20 	40 	60 	80 	100 	120 	140 

No. of siliqua plani' 

Fig. 4.13 Relationship between number of siliquae plant and seed yield plani' 
of rapeseed line SAU-C-F7 
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Fig. 4.14 Relationship between number of seeds siliqui' and seed yield plani' 
of rapeseed line SMJ-C-F7 
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Fig. 4.15 Relationship between number of seeds plant and seed yield plani' of 
rapesced line SAU-C-F7  
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CHAPTER 5 

CONCLUSION 

The study was carried out to find out the suitable row spacing and irrigation 

level for optimum yield of the rapeseed line SAy-C-F,. The results are 

sitnimarized below. 

The rapid increase in plant height was observed from 30 DAS to 75 DAS. 

The closest row spacing (20 cm) produced the tallest plant than 30 cm and 40 cm 

row spacing because the plants competed for light and air while the plants with 

wider spaces got sufficient light. Significant variation was found in plant height 

for the irrigation levels. The maxinluni plant height was Ibund from two 

imgatiOfls. Likewise, the plant height was found to be significant in this line due 

to the interaction effect of irrigation and row spacing. Maximum plant height was 

found from the treatutent combination of two irrigation and 30 cm row spacing in 

all stages of the life cycle. 

Fresh weight was greatly influenced by row spacing. The closest row 

spacing produced the lowest fresh weight of plant and the wider row spacing 

produced the highest fresh weight at 60, 75 and 90 DAS. At 60 DAS and 75 DAS 

two irrigations produced the highest fresh weight which was significantly different 

from one irrigation and zero irrigation. The widest row spacing (40 cm) along with 
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two irrigations produced the highest fresh weight at 45 DAS and 60 DAS. After 60 

DAS two irrigations with 40cm row spacing gave the highest fresh weight. 

Total dry matter varied at all the growth stages with different row spacing. 

The wtdcst row spacing (40 cm) produced the highest dry matter at all growth 

stages. It also played an important role in dry matter partitioning. Sigiiiticant 

variation was found in total dry matter plan( among the different levels of 

irrigation except 30 DAS. Second irrigation at siliqua developing stage was found 

to be most effective. Dry matter partitioning was also influenced by irrigation and 

consequently two irrigations gave the best result. 

In case of interaction effect, the treatment combination of two irrigation 

and 30 cm row spacing produced the highest dry mailer which seemed to be most 

cifecttve treatment For this line. This treatment also influenced partitioning of dry 

matter components. 

Plants nf1  was decreased with the increase of row spacing. The highest 

number of plants m (44.75) was found with 20cm row spacing while 40cm to"- 

spacing 

ow

spacing gave the lowest number of plants n12  (30.17). The highest number of 

plants ni (40.25) was also found with two irrigations at 30 DAS and 60 DAS 

while the lowest number of plants (36.25) was found from control treatment. 

interaction of one irrigation and 20 cm row spacing gave the highest number of 

plants n12  (48.50). 
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The highest number of branches plant' (7.83) was found with the widest 

row spacing of 40 cm and the lowest (6.38) from the closer row spacing of 20 cm. 

Maximum number of branches was found from a plant when two irrigations was 

applied at 30 DAS and 60 DAS. The lowest numbers of branches were found from 

control plots. The niaximum increases of branches were observed to be 110.5% 

compared to unirrigated control when two irrigations were applied at 30 and DAS. 

01) the other hand, the interaction of two irrigation and 40 eni row spacing 

produced the maximum branches plant' (9.57). 

The number olsiliqua plant" gradually declined with increase in number of 

plants per unit area. The widest row spacing (30 cm) produced more nunther of 

sili(Iuu plant' than closer row spacings (20 and 30 cm). Among the irrigation 

treatments. two irrigation at 30 and 60 DAS produced the highest number of 

sil iqua plant 	\l)tcl) \ViIS statistically different from one irrigation and unirrigated 

control. The treatment one irrigation at 30 DAS affected the siliqua development 

at later stage which subsequently reduced the number of siliqua plant". Two 

irrigations in combination with 40 cm row spacing produced the highcst number of 

siliqua plant' (131 .40) followed by two irrigations with 30 cm row spacing. 

Number of seeds siliqua' was also significantly affected by row spacing. In 

case of 30 cm row spacing the highest number of seeds siliqua'' was produced 

whereas 20 cm row spacing produced the lowest. The second liTigation at 60 DAS 

of the two irrigation treatment supplied necessary soil moisture which 

subsequently increased the number of seeds siliqua". Treatment combination of 
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o irrigations and 30 eni row spacing found to be superior for producing more 

seeds siIiqua'. 

The single effect of row spacing and irrigation increased the seeds plant in 

the same manner as seeds siliqua". But in case of interaction the treatment 

combination of two irrigations and 40 cm row spacing produced the maximum 

number of seeds plaiit 1 . 

Sparsely populated crop produced heavier seeds than densely populated 

one and the widest row spacing of 40 cm produced the highest 1000-seed weight 

and the lowest was produced from 20 cm row spacing. Two irrigations at 30 DAS 

and 60 DAS produced the highest 1000-seed weight followed by one irrigation at 

30 DAS. Interaction eliect of irrigation and row spacing was found significant and 

the height weight of 1000-seed (3.21 g) was found from the combination of two 

irriszations at 30 DAS and 60 DAS with 40 cm row spacing. 

Seed yield plani' is a complex character which depends on the different 

yield contributing characters. The treatments 40 cm row spacing produced the 

highest seed yield plant" whereas 20 cm row spacing produced the lowest yield 

plant". Seed yield p)f with 40 cm row spacing was 29.34% and 1.28% hwher 

than 20 cm (S,) and 30 cm (S2). respectively. This yield was also significantly 

influenced by the number of irrigation. Two irrigation produced the highest seed 

yield plant" which was statistically different from one irrigation. Lowest yield was 

found from unin-igated condition. The increased seed yield 	with two 

irrigations (h) was 364.59 % and 84.23% higher than one irrigation (li ) and 
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without irrigation (l(;)' respectively. Two irrigations combined with 40 cm row 

spacing produced the highest seed yield plan('. 

The treatment of 30 cm row spaciTig  optimized the plant population which 

subsequently increased the seed yield ha' of the line SAU-C-F7. The maximum 

seed yield ha' with 30 cm row spacing was 19.39% and 8.54% higher than the 

vield obtained from 20 cm and 40 cm row spacing. Maximum seed yield ha' was 

found from two irrigations - one at 30 DAS and another at 60 DAS, which were 

206.65' and 102.52% higher than the yield obtained from the control treatment 

1,) and one itTluation (11 ). respectively. In case of interaction effect, two 

irrigations willi 30  cm row spacing produced the highest seed yield (3169.40 kg 

ha which was followed by two in-wations with 40 cm row spacing (2891.20 kg 

ha'). 

Among three row spacings the 30 cm row spacing produced the highest 

stover yield. Two irrigations produced the highest scover yield and the treatment 

combination of two irrigation with 30 cm row spacing produced the highest stover 

yield (4123.40 kg ha'). 

The highest biological yield was obtained from treatment 30 cm row 

spacing and 40 cm row spacing produced the lowest biological yield hai  in this 

study. Among irrigation levels, two irrigations at 30 DAS and 60 DAS produced 

the highest biological yield ha". The interaction effect showed that two irrigation 
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coupled with 30 cm row spacing produced the highest biological yield vherea,30 

ciii row spacing and no irrigation produced the lowest biological yield. 

The treatment 30 cm row spacing had the highest harvest index and two 

icTJgalioiis one at 30 DAS and another at 60 DAS produced the highest harvest 

index and the combination of two irrigations with 30 ciii row spacing was found to 

be best for harvest index for this line in this study. 

From correlation and regression study it was found that there was a 

significant relationship between the yield attributes and seed yield planf 1 . Nuniher 

of branches plant . number of sit qua plani' number of seeds Si liqua . number of 

seed plant I 000-seed weight lind a swn i (leant C01-1-ClaTiOn with seed yield plani 

with the r values of 0.95**, 097 * 0-67*. 0.96** and  0.94**.  All of the yield 

attributes except number of seed siiiqua' were highly significant. Number of seed 

siliquzi' was significantly correlated with seed yield plan(' at 5% Level. 

From the present study it may be concluded that row spacing and irrigation 

levels influenced the growth, yield and yield components of rapeseed line SAU-C-

F7 . Among the irrigation levels two irrigation at 30 DAS and 60 DAS gave the 

best result. Row spacing of 40 cm provided the best result among the treatments. 

The interaction effect of two irrigation with 30 cm row spacing were found most 

effective. 
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The study will now provide guidelines about row spacing and irrigation 

scheduling for the line SAy-C-F,. However, further field trial may be taken in 

different agroecologieal zones in relation to the physiological and biological 

aspects of this line to reestablish the findings obtained in this study. 
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APPENDICES 

Appendix I. Major rapeseed and mustard growing areas (ha) in Bangladesh 
(1992-1997) 

Jj Cultivated Area (>50000ha) 
Cultivated Area (>30000ha) 
Cultivated Area (>3000ha) 
Cultivated Area (>300ha) 

xix 



HE 

35] 

1,] 

25' 
It 

C 
C 
e20 

4? 

. 15 

10 

Appendix If. Area under rapeseed and mustard cultivation in Bangladesh (1971-72 to 2003-04) 
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Appendix IV. Average yield of rapeseed and mustard in Bangladesh (1971-72 to 2003-04) 
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Appendix V. Weekly average total rainfall during the study (October to 
January, 2005) 
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Appendix VI. Weekly average air temperature during the study (October to 
January, 2005) 
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Appendix VII. Weekly average relative humidity during the study (October 
to January, 2005) 
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