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EFFECT OF IRRIGATION AND VARIETIES ON THE GROWTH 

AND YIELD OF RAIESEEI) 

A BSTRACT 

The study was curled out at the Slier-c- Bangla Agricultural University farm, Dhaka 

during ?'ovember 2006 to March 2007 to evaluate the effect of irrigation and variety 

on growth. yield attributes and yield of rapesced. The treatment comprised of three 

levels of irrigation viz, no irrigation, one irrigation at 20 DAS, one irrigation at 35 

DAS, two irrigations at 20 and 35 DAS, and three irrigations at 20, 35 50 DAS, and 

three varieties viz. SAU Sarisha- I, Kalyania and Improved Tori-7. The experiment 

was laid out in it split plot design with three replications. Three irrigations (at 20, 35 

and 50 DAS) increased economic yield with higher values of harvest index as the 

yield attributes like branches plant", siliqua plani', seeds siliqua" and 1000 seed 

weigh were higher The seed yield with three irrigations were 11I.93% and 10.73% 

higher than no irrigation and two irrigations, respectively.'The variety SAU Sarisha- 1 

showed its superiority by producing 1.4 % and 45.94 % higher yield than Kalyania 

and Improved Tori-7, respectively. This variety (SAU Sarisha-L) also showed higher 

branches plant", seeds siliqua", 1000 seed weight, biological yield and harvest index. 
2' 

most of the eases interaction of three irrigations with SAU Sarisha- I performed 

best in respect of grain yield as well as other studied parameters. The highest seed 

yield (1827.0 kg ha") was found in the interaction of three irrigation with SAU 

Sarisha- I. This was achieved due to the maximum number of branches plant', seeds 

siliquae" and 1000 seed weight in this interaction. The yield attributes was also 

supported with appreciable production of dry matter. 
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CHAPTER 1 

INII'RODUCTION 

Rapeseed and mustard are important oil crops which conic from the Cruciferac family, It 

I

is widely grown as oilsced crops in Bangladesh and currently ratked as the world third 

important oil crop in terms of production and area. Domestic production of edible oil 

comes from rapeseed - mustard, groundnut and sesame. Edible oil plays a vital role in 

human nutrition. Edible oil is a high-energy component of food and meeting the calorie 

requirements of human nutrition. In Bangladesh the annual oil seed production is 

3,76,000 metric tons of which rapeseed covers 62% of the total edible oil (MOA, 2006). 

Each gram of oil supplies 9 kcal energy, whereas 4 kcal energy comes from 1-gram 

carbohydrate or protein (Strver, 1980). 

On the nutritional point of view, at least 15-20% calorie should conic from the 

fats and oils. Mustard oil is our principal edible oil and it contains 40-45% oil and 20-

25% protein. It is also important for improving the taste of a number of food items. It also 

serves as an important raw material for industrial use such as in soaps, paints, varnishes, 

hair oils, lubricants, textile auxiliaries, pharmaceuticals etc. Worldwide the total annual 

production of Bm.ssica is 44.4 Imillion tons of seed from an area of 27.24 million 

hectares (FAO, 2004). The analysis of productivity trend reveals that mustard yield in 

Bangladesh has increased from 672 kg ha to 757 kg hal  with the annual growth rate of 

1.26% (Rahman, 2002) which is alarmingly poor compared to that of advanced countries 



like Algeria, Germany, France, UK and Poland pro(Iucing 6667 kg !ia 1, 3507 kg had.  

3264 kg ha1. 3076 kg ha and 2076 kg lia' respectively (FAO, 2001). 

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

On the basis of RDA, Bangladesh requires 0.29 million Lops of oil annualy to meet the 

demand of her peoplej,FAO, 1998), But one-third of total requirement of oil is meeting 

by local production of rapeseed and mustard (BBS, 2004). Rapeseed-mustard is grosn 

more or less all over Bangladesh, but more particularly in the districts of Comilla, 

'l'angail, Jessore, Faridpur, Dinajpur, Pabna, Kushtia, Rajshahi, Rangpur, Kishoregonj, 

Dhaka (BBS, 2001). Major rapeseed and mustard growing areas in Bangladesh is 

presented in Appendix I. Bangladesh Agricultural Research Institute (BAR!), Bangladesh 

Agriculture University, Bangladesh Institute of Nuclear Agriculture (BINA) and Sher-e-

Bangla Agricultural University (SAU) have released a number of new high yielding 

varieties of rapeseed/mustard for farmer's cultivalion. The yield of EIYVs ranges from 

1.4 to 2.1 t ha4  (BAR!. 2002). But the yields in farmer's field are still low compared to 

their potentialities due to lack of proper 	a'emcnt practices. So there is a scope to 

increase the yield level of IIYVs with proper management practices like spacing, 

irrigation, seed rate, fertilizerapplication etc. 

Irrigation is a vital factor for proper growth and development of these crops in dry season 

(Roy and Tripathi, 1985). The crop essentially requires water ranging from 60 to 69 mm 

through out its life cycle ( Rahman, 1989, Sarkar of at., 1989). Mondal of a! . (1988) 

reported that one irrigation at flowering and another at siliquac development stages gave 

2 



the highest yield ( 2.56 t ha4 ). in recent years some promising varieties have been 

released which are growing with irrigation facilities in Bangladesh. But the information 

regarding irrigation on the yield of rapeseed is still unlimited. 

In view of the limited information on the problems mentioned above a field study on 

rapeseed containing die different varieties and irrigation time were conducted with the 

following objectives 

to find out the optimum number of irrigation for getting higher yield, 

to evaluate the yield performance of different rapeseed varieties and 

to study the eombined effect of variety and irrigation on the growth and yield of rape 

seed. 

3 
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CHAPTER II 

REVIEW OF LITERATURE 

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

extent in the national economy. But 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 agronomic management practices of the crop. 

2.1 Effect of irrigation 

Ln strict sense Brass/ca is an irrigated crop (Andrews, 1972). Perfoimance of Brass/ca is 

geatly affected by irrigation. Seed yield of Brass/ca are greatly affected by water stress 

during flower initiation and siliquac filling stage (Richard and Thurling, 1978). 

ingh ci at. (2002) tested thur lirazica spp. (Brass/ca carinala, Brass/ca napus, Brass/ca 

/uncca and Brassica ca,npcstris) under 2 moisture regimes, i.e. nonnal irrigation (3 

irrigations at branching, bolting and sitiquae filling stages) and limited irrigation (one 

irrigation at binching stage). Results revealed that growth, development and yield of all 

Brassica spp. were adversely affected under limited water conditions. This clearly 

indicates that yield expression of/Jrasska spp. differs under varying soil water regimes. 

2.1.1 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 
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produced taller plant than under rainfed condition. There was a positive relation between 

irrigation levels and plant height of mustared. 

er at (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 siliqua development stage and it 

was the highest compared to one irrigation at branching stage and without irrigation. 

2.1.2 thy weight of plants 

Maini c/ al. (1965) observed that one irrigation at Ilowering stage was enough to 

increase the yield of dry matter in Brass/ca campesiris 

Singh ci at (1972) noticed that one irrigation at flowering stage of rapeseed was better 

than two irrigations (one at lowering and one at fruiting stage). 

Dalal e/ al. (1963) suggested for one irrigation at the blooming stage in brown sarson 

(lirassica cwnpcsin.s var. ,Va:won). 

Sarnn and Gin (1988) stated that dry matter of mustard was significantly increased with 

the increasing levels of irrigation and the highest dry matter accumulation was found with 

two irrigations, In sonic cases, at the time of harvest dry matter was found to be the 

highest with one irrigation. 

c-tiil et 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 significantly higher than that was produced without irrigation. 

Tomer ci al. (1992) conducted an experiment with no irrigation, one irrigation (at pro-

flowering) and two irrigations (one at pre-flowening and one at fruiting). They observed a 
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significant increase in dry matter with irrigation application and the maximum dry mater 

was recorded with two irrigations while one irrigation and control (no irrigation) 

produced lower dry matter per plant 

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

Successive stage of growth of rapeseed was significant except the first sowing (38 DAS). 

The plant receiving continuous irrigation throughout the growing period had the highest 

dry weight while rainfed plant had the lowest total dry weight. Among the remaining 

treatmenis, irrigation at 50% flowering stage proved to be the most important single 

irrigation treatment. Two irrigations also increased dry matter production. 

Mahal c/aL (1995) conducted a field experiment during the Rabi seasons of 1987 and 

1988 at Ludhiana, india. Toria was irrigated at 50, 60 or 70% depletion of available soil 

moisture. The dry matter of leaves, stems and siliquae of mustard increased with 

irrigation at lower depletion levels. 

Raut ci at (1999) studied Lhe effects of irrigation (at pre-flowering and siliqua-setting 

stages, pre flowering + 50% flowering +siliquae setting stages, pre-flowering +50% 

flowering + seed-filling stages, and pre-flowering ± 50% flowering 4 siliquac-setting + 

seed filling stages) on the dry matter production and yield of Indian mustard cv. Pusa 

Bold. They concluded that irrigation at pre-Ilowering + 50% flowering + siliquae-

setting + seed-filling stages gave the highest dry matter production at 30 and 60 days 

after sowing (DAS) but 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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Girl (2001 ) reported that dry matter per plani of rapesced 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 siliquac development stage than the dry 

matter produced irrigation with one irrigation at flowering stage. But in 1996-1 997, one 

liTigation produced higher dry matter production than two irrigations ,but those dry 

matter productions were not significantly different 

2.1.3 Number of branches plant 

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

from field trial that irrigation scarcely affected the number of branches plant". 

Joarder et at (1979) cultivated mustard cv. Rai 7, Laha 101 and Rai 5 cultivated under 

irrigated or rainfed condition and observed that irrigation increased the number of 

primary and secondary branches plant. 

Prasad and Eshanullah (1988) reported that number of primary branches 	plant'[  of 

mustard were significantly increased with the increase of irrigation levels. They found 

the maximum number of primary branches plant" with two irrigations at 30 and 60 DAS 

which was followed by one irrigation at 30 DAS and without irrigation, respectively. 

Rathore and Patel (1989) stated that the number of branches plani' of mustard increased 

with the increases of irrigation frequency. 

l'atel ci at (1991) conducted an experiment with mustard by applying irrigation for 

evaluation of branches plant and found that one irrigation produced significantly 

higher number of branches plant-' compared to unirrigated control. 
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Tomer ci at (1992) concLuded that branches plant" of rapeseed were significantly 

increased with irrigation application and branches plant' were highest with two 

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

that branches per plani' were highest when two irrigations were applied at pretlowering 

and fruiting stages. When one irrigation was applied at preflowring stage, it produced 

lower branches plant". The least number of branches was produced at control treatment. 

Singh ci at (1994) conducted a field trial with flra.ssica juncea irrigated at 50% 

flowering, at 50% (lowering 	50% siliquae development, or given no post sowing 

irrigation. They found the maximum branching with increased irrigation level. 

Gin (2001) showed that branches plant" increased with the increasing irrigation level in 

imistard plant. He also observed that when one irrigation was applied it produced more 

branches plant" compared to that of two irrigations. But the difference was not 

significant 

2.1.4 Number of siliquae plant" 

Clarke and Simpson (1978) conducted two years held experiment with rapeseed in 

Canada at Saskatoon and reported that irrigation increased the number of siliquae 

plant". 

Sharnia and Kumar (I 989b) found in experiment with mustard that the number of 

siliquae plant" increased with increasing irrigation frequency, while irrigation was 

applied with zero and one level at the rosette or at siliquae formation stage. 
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Gin (2001) stated that in case of two irrigations at flowering and siliquac formation stage 

277 siliquac were found in mustard followed by 324 siliquac planf' with one irrigation at 

flowering stage. 

1onier ci al. ()992) conducted an experiment to observe the effect of irrigation 

teratments VIZ. 110 irrigation, one irrigation (at pre-flowering stage) and two irrigation 

(one at pre-flowering and one at fruiting stage). Maximum number of siliquac were found 

plant when two irrigations were applied. One irrigation and without irrigation produced 

lower siliquae plani'. 

ci al. (1991) reported that one irrigation produced higher siliquae plant' while 

minimum was produced plant in without irrigation. 

2.1.5 Number of seeds siliqua4  

iurke and Simpson (1978) found the increasing number of seeds siliqua' with irrigation 

application than rainfed condition. 

Joarder ci a], (1979) conducted an experiment with mustard cv. Rai 7, Laha 101 and Rai 

5 cultivated tinder irrigated or raiiifed condition and observed that irrigation increased 

the number of seeds siliqua' and therefore, increased yield plant '  and yield ha 1  by 65 

and 59% compared to the rainfed treatments, respectively. 

Prasad and Ehsanullah (1988) carried out a field trial in 1984-85 and found an 

increasing trend of seeds siliqua4  in mustard with irrigation application.The number of 

seeds siliquac" were found when irrigation was applied at 30 and 60 DAS followed by 

irrigation at 30 DAS and without irrigation which produced lower seeds siliqua 

011 



Sharma and Kumar (I 989a) conducted an experiment of lirassica juticca cv. Krishna 

with two irrigation levels. They observed that number of seed siliqua&' was higher when 

irrigation was applied at irrigation depth and cumulative pan evaporation ratio of 0.6. 

Number of seed siliquad  was lower with irrigation to a ratio 010.4 or without irrigation. 

Tomcr ci at (1992) reported that seeds siliqua-1  were significantly increased with 

irrigation application. Maximum numbers of seeds siliquae' were found when two 

irrigations were applied (one at pre-flowering sage and one at fruiting stage). A siliqua 

produced 12.36 seeds on an average when two irrigations were applied while one 

irrigation and without irrigation produced 10.81 and 8.02 seeds siliqua&', respectively. 

Siag ot at (1993) found that two irrigations given either at branching and siliqua 

development or at branching and flowering stages of rapeseed showed a significant 

increase in siliquac plant. The highest number of siliqua (261) was found with two 

irrigations at branching and siliquae development stages. 

2.1.6. Weight of 1000-seed 

Clarke and Simpson (1978) reported that under field conditions irrigation scarcely 

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

1000-seed weight of mustered. 

Saran and Gin (1988) concluded that one irrigation applied at 30 DAS on rapeseed 

produced similar 1000-seed weight that found in two irrigations at 30 DAS and 90 DAS, 

The lowest weight of 1000-seed was found in without irrigation 

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 
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of two irrigations at 30 and 60 DAS. The lowest weight, of 1000-seed was found in 

rainfed condition (without irrigation) which was also Lower than the application of one 

irrigation at 30 DAS. 

Sarker and I lassan (1988) observed increased 1000-seed weight with increasing levels of 

irrigation applied on rapeseed. 

Sharma and Kuniar (1989a) found that 1000-seed weight was higher, when irrigation 

was applied at irrigation depth and cumulative pan evaporation ratio of 0.6 and that was 

lower with irrigation to a ratio ofo.4 or without irrigation. 

Tomer c/. of. (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. Least weight of 1000-seed was found in without irrigation treatment. 

2.1.7 Grain yield 

Singh and Yusuf (1979) reported that seed yield of brown Sarson (Jiiwsica cainpesiris 

var. Dic/iosc'nza) was curvilinearly related to irrigation levels reaching a maximum yield, 

and yield response to nitrogen was greater with irrigation than without irrigation. 

Singh (1983) found in an experiment with mustard (Bravsica flincea) 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. 

Roy and Tripathi (1985) stated that the growth characters and yield ofBrassicajuncea 

were significantly increased with irrigation at 1W: CPE (irrigation water depth: 

cumulative pan evaporation ratio) of 0.6 compared to irrigation at LW: CPE ratio of 0.4. 



They found yield was positively associated with number of branches plani' and siliquae 

plan(' , number of seeds sil:qu&' and 1000 seed weight. 

and Srtvastava (1986) observed a significant increase of seed yield of mustard 

(Ii russ/ca juncea) with irrigantion. They found the seed yields of l3rassica jwicea with 

single irrigation at the flower bud stage and two irrigations at the flower bud stage + the 

siliquae formation stage were 430 and 610 kg hi', respectively, compared with 330kg 

ha' without irrigation. 

((eddy and Sinha (1987) observed in an experiment with Brass/ca juncea in Rabi seasons 

of 1983-1985 that irrigation atIW and CPE ratio of 0.6 and 0.3 (three aM one irrigation 

respectively) gave maximum seed yield compared to that of rainfed crops. 

Hoque ciaL (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 initial siliquae 

formation stage. 

Katole and Sharma (1988) conducted a field experiment on clay loam soils with rapeseed 

to study the effect of irrigation schedule and found that yield was highest with two 

irrigations, one at branching and other at siliquae development stage. 

l'rasad and Eshanullah (1988) pointed out in an experiment in 1983-1985 with Jirassica 

juncea 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 maximum 

seed yield compared to one irrigation and without irrigation. Seed yield was minimum 

with no irrigation treatment. 
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Sarker and Hassan (1988) made an experiment with /Irc,.vsia jw;cca at two locations in 

Bangladesh. They irrigated the crop at one to six levels conimencing 20-25 day after 

sowing and obtained maximum seed yield at I3INA farm with three levels of irrigation 

and that at RARS Ishurdi Farm with five levels of irrigation. 

Sharma and Gin (1988)   reported that livassica juncea grown with 0-80 kg N hi' under 

rainled conditions or with 1-2 irrigations gave similar seed yield during two consecutive 

growing seasons. 

Sharma and Kumar (1988) studied an irrigated mustard (lira.tvicajuncea) with 60 cm 

irrigation at irrigation water depth and cumulative pan evaporation ratio of 0.4 010.6 (one 

and two irrigations respectively) and reported that seed yield were higher in 1984-1985 

and 1985-1986 compared with respective yield tinder rainfed conditions. 

Mondal cé at (1988) conducted a field trials in the Rabi (winter) season of 1980-1982, 

/irctssicczjn;zcea cv. 1-59 was sown in the I" week of November and given 14 irrigation 

treatments (at prefiowering, flowering, early siliquac or late siliquae developmental 

stages). The result revealed that maximum yield was obtained with I irrigation at 

liowening, intermediate with 2 irrigations at that yield was obtained flowering and late 

siliqua stages and minimum with 3 irrigations applied at preflowering, early and late 

siliqua stages. 

Hasan ci al. (1988) conducted a field experiment in 2 locations in Bangladesh, mustard 

(lirassicajuncea ) was given no irrigation(lo), I irrigation at 25 days after sowing (Ii).  or 

I,, together with later irrigation when 1W: CPE (irrigation water depth and cumulative 

potential evaporation ratio) reached at 0.2, 0.4, 0.6 or 1,0. They observed that the 

highest seed yield resulted from irrigation at 1 i  and 2 irrigations when 1W: CPE was 0.4 
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at I location, whereas at the other location the highest seed yield recorded from irrigation 

at l I  and 4 irrigations when I W:CFE was 1.0. 

Sharnia and Kuniar (I 989b) staled that Brassica juncea cv. Krslina was unirrigated or 

given I irrigation at the rosette stage with or without I irrigation at siliquae formation. 

They observed that the average seed yield was higher with irrigation and lower for 

tin irrigated treatment. 

Rathore and Patel (1989) reported that mustard (Brassicajuncea) gave highest seed yield 

with 3 irrigations at branching and 50% flowering and seed filling, followed by 2 

irrigations at branching and 50% flowering, and one irrigation at late branching. 

l'arihar and Tripathi (1989) gave irrigation to mustard (Brass/ca juncea) with six cm 

irrigation and found that average yields were varied for irrigation depth and cumulative 

pan evaporation ratios of 0.4, 0.6 and 0.8, respectively. 

Lal et al. (1989) irrigated mustard cv. Varuna with one to three levels at different 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 condition. 

Sarkar ci at (1989) reported that mustard irrigated at flowering stage produced the 

highest seed yield and this was followed by the plants irrigated at vegetative and siliquae 

fllling stages. 

Siag and Verma (1990) concluded that mustard (Brass/ca funcea) yield increased with 

irrigation frequencies at different growth stages. 
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]omer and Siugh (1990) studied the cfiëcts of 0, I or 2 irrigations on the yield of 

/iras.vica luncea cv. Vanuza. They found that increasing irrigation levels increased seed 

and oil yield. 

In another experiment on mustard, Shaniia and Kumar (1990) observed that one or two 

levels or irrigation produced the maximum seed yield in 1984-1985 and 1985-1986. 

Yields were obtained lower with without irrigation in those years. 

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

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

pan evaporation ratio of 0.6. 

Sharnia (1991) conducted two experiments on mustard (Brass/ca juncea) cv. Varuna in 

the Rabi seasons or 1986-1987 on clay loam soil at Mandsaur, Madhya Pradesh of India 

and found that I irrigation at 15 or 30 days after sowing or 2 irrigations at 15 + 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 was irrigated at flowering (in), irrigated at 

branching (1bri- If], or lbr -i-Jf] + irrigation at seed development (lsd), i.e. with increased 

level of irrigation Produced greater seed yield compared to be control (rairifed). 

Tomer c/at (1992) conducted an experiment to find out the effect of irrigation levels on 

the growth and yield of mustard (/Iravica jthzcca). They worked with three irrigation 

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

(one at pre-flowering and another at fruiting stage). They concluded both levels of 

gation significantly increased the seed yield over no irrigation. 
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Tiwari and Chaplot (1993) carried out a field experiment on the eflèct of irrigation levels 

on mustard (I*ctssicczjieizcea cv. Varuna) which was irrigated at vegvetative, tiowerig 

siliqua development or seed filling stage corresponding 3. 6, 9, or 12 weeks after sowing 

(WAS) or at various combinations of these dates. Seed yield increased with increase in 

irrigation frequency. The highest mean seed yield was obtained from irrigating the crop at 

3,6 and 9 WAS. 

Sharma and Singh (1993) conducted an experiment with Yrassicajuncea cv. Pusa Bold 

which was not irrigated, irrigated at the rosette stage (28-30 days after sowing DAS), 

siliquae formation stage (55 DAS) or rosette 1- siliquac formation stage. One irrigation at 

the rosetle stage gave appreciable yield compared with one irrigation at siliquac 

formation stage and unirrigated treatments 

Gill and Narag (1993) observed in an experiment with Gobhi sarson that all growth 

parameters and yield significantly increased , while irrigation was applied at 20 days after 

sowing under cumulative pan evaporation ofSO mm. 

l'adman ela/(1994) conducted a field experiment during the winterseason of 1987-1989 

at Udaipur, Rajshthan, India. They observed that seed yield ofiira.tcicajuncea increased 

with increasing levels of irrigation 

Mahal cecil (1995) reported that maximum seed yield were recorded with 2 irrigations (at 

3-4 weeks and at 9-10 weeks after sowing) in consecutive two years experiment 

Samadder ci a! (1997) studied the Bra.ssica jwicca cv .Bhagirathi with non irrigated 

condition and irrigation at flowering or at flowering + seed formation stages and found 

that seed yield was highest with 2 irrigations 



Siugh ci al (1997) reported that the stages most sensitive to water strees were the 

seedling stage followed by the Ilowering stage Decreased 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 compared to irrigation 

applied at all these stages 	Flowever, early water stress from flowering to seed 

development stages decreased the yield by 4.S3 to 15.46% compared with irrigation at 

all 3 stages. 

Raw ci a! (1999) conducted a field experiment in Akola, Maharashtra, India ,during the 

Rabi season 011996-97 to study the effects of irrigation (at preflowering and siliquac-

setting stages, preflowering+ 50% flowering+siliqua-setting stages, preulowering+ 50% 

flowering +seed-filliiig stages, and prefloweringi- 50% flowering 	siliqua-setting 

stages) on yield of Indian mustard cv. Pusa Bold . They reported that Irrigation at 50% 

flowering + seed-filling stages the highest grain yield (15.99 q hi') 

2.1.8 Stover yield 

Stover yield was found to be higher with the application of irrigation in the mustard 

(Patel ci at, 1991). They found maximum biomass with one irrigation compared to 

tin irrigated control. 

2.1.9 Biological yield 

Bhargava (1991) demonstrated that biological yield, harvest index and siliquae 

productions plant' were positively correlated with higher seed yield of rapeseed and 

mustard but number of seed per siliqua was negatively correlated. 	- 

.3K 
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2.110 harvest index 

Srivastava ci at (1988) observed in an experiment with mustard (/irassicajwzcea) 

cv. Varuna that two irrigation at pm-flowering and seed development stages gave higher 

harvest index. They also observed that irrigation at pro-flowering stage gave higher 

harvest index value than those of irrigation at seed development stage or without 

irrigation 1-lowever, information was very scarce regarding to the effect of irrigation on 

harvest index of rapeseed. 

2.2 Effect olvariety 

Varietal prformance of a crop depends on its genetic makeup. There are four 

species of Okife,vvs /i,ass/ca viz.B. Cci/fl/nis/r/s, B. juncea, B. na/ms and B. carinala, 

everyone of which diflèrs from one another with respect to yield, yield components and 

oil contents. 

2.2.1 Plant height 

Ahmed dat (1999) stated that the tallest plant (102.56 cm) was recorded in the variety 

Daulat. No significant difThrence was observed in plant height between Dhali and Nap-

8509. 

Ahi and Rahman (1998) observed significant variation on plant height of different 

varieties of rapes and mustard. 

Jahan and Zakaria (1997) observed that Dhali was the tallest plant (142.5 cm) which was 

similar with Sonali (139.5) and Japrai (138.6 cm). The shortest plant was observed in 

Tori-7 (90.97 cm) which was significantly shorter than other varieties. 
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/ I lossain ci at (1996) observed that the highest plant height was in Narenda (175 cm) 

which was similar with AGA-95-21 (166 cm) and Hyola-51 (165 cm). They also found 

the shortest variety as Tori-7. 

/ Mondal ci at (1992) reported that variety had significant effect on plant height. They 

also found the highest plant height (134.4 cm) in the variety J-5004, which was similar 

with SS-75 and was significantly taller than JS-72 and Tori-7. 

2.2.2 Dry weight 

Thuriling (1974) reported that in Biziysica cwnpastris 85% of the PDM was accumulated 

alier anthesis whereas. /3 napwc it was only 50%. 

,Chauhan and Bhargavc( 1984) noticed that in rapeseed and mustard more than 90% of the 

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

partition into seed yield. 

2.2.3 Number of branches planf' 

I3ARL (2000) found that under poor management condition and number of branches 
/ 

plant-' was higher in the variety SS-75 and lower in BARI Sarisha-S. Under medium 

management, best performance was in Dhali and worst was in BAR] Sarisha-8. Under 

higher management, the highest in Dhali and lowest in Nap-248. 

,1jahan and Zakaria (1997) reported that the local varieties Tori-7 and Sampad produced 

the highest number of primary branches plani' (4.07) which was at par with BLN-900. 

The minimum number of primary branches plant" (2-90) was found in Jatarai which was 

similar to those found in l-Iholc-401 and BARI Sarisha-S 
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Flossain ci of. (1996) stated that the varieties were statistically different with respect to 
/ 

number of primary branches. 

2.2.4 Number of siliqua plant' 

/ Jahan et at (1997) reported that in case of number ofsiliquae planf' the highest number 

was recorded in B[.N-900 (130-9) which was statistically similar with that obsen'cd in 

Dhali (126.3). Tori-7 had the lowest (46.3) number of siliquae planf'  

I lossain et of. (1996) showed that there was marked statistical variation in number of 
/ 

sihciva plani' 

/ 
Mondal alal. (1992)   found that the maximum number of siliqua planf' (136) was found 

in the variety Tori-7and the lowest number of siliqua planf' (45.9) was found in SS-75. 

2.2.5 Number of seeds siliqua' 

Jahan and Zakaria (1997) found the highest number of seeds siliqua-' (26.13) in Dhali, 

which was at par with sonali Sarisha (23.5) and Jatorai (22.8). The lowest number of 

seeds siliqua' (18.0) was found in tori-7and which was at par with that in sampad (20.0), 

BARI Sarisha-7 (20.5) and BARI Sarislia-3 (21.6). 

2.2.6 Weight of 1000 seed 

Mondal and Wahhab (2001) reponed that the weight of 1000 seed varies from variety to 

variety and even from species to species. They found the thousand seed weight of 2.50-

2.65 g in case of Improved Tori-7 (B. canspasirks) and [.50-2.80 g in Rai-5 (B. riapus). 
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'4 
BARI (2001) concluded that there was a significant variation in thousand seed weight of 

different mustard varieties and the highest weight was found in Jamatpur-1 and the 

lowest was in BARI Sarisha-lO. 

Karini ef at (2000) stated that the varieties showed significant difference in weight of 

thousand seeds. They found the higher weight of 1000 seed in J-3023 (3.43 g), J-3018 

(3.42 g) and J-4008 (3.50 g). 

/ !-iossain c/aL (1998) observed significant variation in 1000 seed weight as influenced by 

different varieties. They record the highest thousand seed weight (3.43 g) in 1-iyda401 

and the lowest (2.1. g)was in Tori-7 - 

2.2.7 Grain yield 

—Rahman (2002) stated that the yield variation existed among the varieties and the highest 

yield was observed in BARI Sarisha-7, BARI Sarisha-8 BARI Sarisha-L 1(2.00-2.50 t ha 

')and that of lowest was in Tori-7 (0.95-1 .10 t hi'). 

/ BARI (2001) observed that seed yield and other yield contributing characters 

signilicantly varied among the varieties. 

- Zarnan ci a! (1991) reported that seed yields of rapeseed and mustard are different in 

different varieties. Chakrabarty et at. (1991) stated that seed yields varied from species to 

species. 

- Mendham ci at (1990) observed that seed yield differed in the species of B. napus due 

to varietals differences. 

Malik (1989) observed that 11. carinwa produced 49% higher yield than each of B.juncea 

and /1. canipcsirws. 
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Uddin et cii. (1987)   and Shamsuddin and Rahnian (1977) reported that there was a 

significant yield difference among the varieties of rapesced and mustard with the same 

species. 

2.2.8 Slovcr yield 

BAld (2000) reported that in case of poor management, [sd-local gave the highest stover 

yield (3779 kg hi') and lowest( 1295 kg hi') was found in Nap-245. in case of medium 

management, the highest stover weight (6223.3 kg hi') from PT-303. Under high 

management conditions, the highest stover yield (6400 kg hi') was obtained from Rai-5 

and that of iowest( 4413.3 kg hi' ) was recorded from Tori-7. 

2.2.9 Biological yield 

The biological yield of plant at final harvest measured in teniis of total dry weight is 

correlated to seed yield and depcnds on the growth of the plant during its various 

development stages. In B. campesiris, the total antithesis phase of growth has a greater 

significance For the determination of seed yield than the vegetative phase (Thurling, 

1974). 

Mendhani ci at (1990) showed that vernalization and photoperiod appear to affect the 
I- 

rate of development to flowering in it quantitative and additive thshion in all cultivers, 

which helped to biological yield. 
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2.2.10 Harvest index 

Robertson ci al. (2004) stated that Indian mustard had a lower havest index. Islam ef al. 

/ (1994) showed that varieties had significant harvest index (%) of mustard. 

Mendham ci aa. (1981) stated that lower harvest index of rapeseed might be due to 

excessive pod and seed losses during flowering. In Brass/ca species harvest index was 

strongly influenced by environment (Thurling, 1974). 
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CHAPTER III 

MATERIALS AND METHOD 

A field experiment with variety and irrigation level was conducted in the Rabi season 

(November, 2006 to March, 2007) to evaluate the three rapeseed varieties viz. SAU 

Sarisha-1 Lniprovec! Tori-7 and Kalyania in respect of growth and yield performances. 

3.1 Experimental site 

The research work was conducted at the Agronomy field of Sher-e-Bang!a Agricultural 

University, Dhaka-1 207, during the period from November 2006 to March 2007. The 

experimental field is located at 90°22'E Longitude and 23"41'N latitude at an altitude of 

8.6 meter above sea level . The land was medium high and well drained. 

3.2 Climate 

Cold temperature and minimum rainfall is the main feature of the rabi season. 

Monthly total rainfall, air temperature and average sunshine hour of the site during the 

experimental work have been shown in Appendix Ii 

3.3 Soil 

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

Tract (AEZ No. 28). It was Deep Red Brown Terrace soil mid belongs to "Nodda" 

cultivated series. The soil was silty clay loam in texture. Organic matter content was very 

low (0.82%) and soil pH varied from 5.47 - 5.63. The physical and chemical 

characteristics of soil have been presented in Appendix Hi. 
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3.4 Experimental materials 

Three oil seed varieties - SAU Sarisha-), Improved Tori-7 and Kalyania were used as 

experimental materials. SAU Sarisha-1 was released by Sher-e-Bangla Agricultural 

University, Dhaka-1207. Seeds of SAU Sarisha-1 were collected from SAU, Improved 

Tori-7 and Kalyania were collected from Oil Seed Research Center, Bangladesh 

Agricultural Research Institute, Gazipur, Bangladesh. 

Co  

3.5 Experimental treatments 

The factors and treatments of this experiment have been presented below-

Factor A: Irrigation level- 5 

j\

i. No Irrigation (Control) 

ii . Irrigation at 20 days after sowing (I i) 

Irrigation at 35 days after sowing (I:) 

lrrigauon at 20 and 35 days (l) 

Irrigation at 20,35 and 50 days after sowing (L1) 

Factor B: Variety- 3 

SAU Sarisha-1 (Vi), 

Improved Tori-7(V2) and 

Kalyania(V3) 

3.6 Experimental design and layout 

The experiment was laid out in a two factor Split plot design with three replications. 

Irrigation was given in main plot and variety was in sub-plots. Each replication was 

divided into 5 equal main plots randomly. Further each main plot was also divided into 3 

sub plots. Thus the total number of plots were 45. The size of each plot were 3 mx 2 rn 
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(6m). The distance between two adjacent unit plots was 0.75 in and distance between 

two replications was I in. 

3.7 Crop husbandry 

3.7.1 Land preparation 

The experimental field was ploughed with power tiller drawn rotator. Subsequent Gross 

ploughing Was done followed by laddering to make the land level. All weeds, stubbles 

and residues were removed from the field. 

3.7.2 Fertilization 

The experimental plots were fertilized with the recommended dose o1300, ISO. 100, 180, 

5 and 10 kg ha of Urea, Triple Super Phosphate (TSP), Muriate of Potash (MP), 

Gypsum, Zinc Oxide (ZnO) and Boric acid, respectively. During final 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 S December 2006 during first weeding at 28 

days after sowing (DAS). 

3.7.3 Germination test: 

Germination test was performed before sowing the seed in the field. Filter paper were 

placed on petridishes and the paper were socked with water. Seeds were distributed at 

random in petridish. Data on emergence were collected on percentage basis by using the 

following formula: 

Germination (%) = 
	Number of germinated seeds 	

100 
Number of seeds set for germination 
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3.7.4 Sowing olseed: 

Seeds were sown in lines continuously and Ize to Line distance was maintained 30 cm. 

Seeds were placed 2 cm depth and then rows were covered with loose soil properly The 

seed rate was used as 7.5 kg for SAU Sarisha-1, 8 kg for Improved Tori-7 and 

Kalyania. 

3.7.5 Weeding and thinning 

The experimental plots were tbund to be infested with different kinds of weeds, viz. 

Bathua (Cizeizop(Vium a/bun; L.), Bermuda Grass ((ynodon dactylon), Nut sedge 

((5jerus ioit,,zdi,s L.), Biskatalt (Po/,'o;zzi,iz hvdmpiper L) etc. Weeding was done two 

times manually with "nirani"on 27 November and 22 December. Thinning was done in 

all the unit plots on 29 November with care maintaining a constant plant population in 

each row. Finally plants were kept at 5 cm distance in rows. 

3.7.6 Irrigation 

First irrigation was given at 30 November 2006(20 DAS) in the plots according to 

treatments. The second irrigation was given at 15 December, 2006(35 DAS) and in the 

plots as required by the treatments and the third irrigation was given at 30 December, 

2006(501)AS). Irrigation was done by check basin method. Control plots were 

maintained with no irrigation. 

3.7.7 Pest anti disease management 

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

formation stage. Dithane 7V145 was also applied immediately after irrigation to prevent 

soft rot of plants. 
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3.8 llan'estiug and processing 

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

crop was harvested. •rhe sub-plots under the main plots without irrigation and Tori-7 

were harvested 031 1 February, 2007 (82 DAS), the sub-plots tinder the main plots with 

one irrigation and Kalyania were harvested on 8 February 2007 (90 DAS), the sub-plots 

tinder the main plots with two and three irrigations and SAU Sarisha-1 were harvested on 

18 Februan',2007 (tOO DAS). Harvesting was done in the morning to avoid shattering. 

Four linear meters were harvested from the centre of each plot at ground level with the 

help of a sickle. 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 seeds separated from the siliquac by beating the bundles 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 were 

recorded and converted into kg hi'. The biological yield was calculated as the sum of the 

seed yield and stover yield. 

3.9 Sampling and data collection 

Five sample plants were selected and marked in each plots. All the growth data were 

collected from the pre selected five plants in each plots. For taking yield characters 

data, ten sample plants were collected at random from each plot. The selected plants 
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of each plot were at the ground level with the help of sickle. The parameters studied 

in this experiment were as follows- 

I) Plant height (em) at I 5days intervals starting from 15 DAS 

Dry weight of plants (g) at 1 5days intervals starting from 15 DAS 

Number of branches plani' 

Number ofsiliquae plant4  

Number of seeds siliqua' 

Weight of 1000-seed (g) 

Seed yield (kg ha") 

Stover yield (kg ha") 

BologicaI yield (kg ha") 

Ilarvest index (%) 

3.9.1 Plant height (cm) 

The height of five plants from each plot were measured with a meter scale from the 

ground level to the top of the plants and height was expressed in cm. The height 

were taken at 15,30,45,60 and 75 DAS. 

3.9.2 Dry weight of plani (g) 

The dry weight of five plants were measured with the help of a digital electric 

balance and mean weight was calculated to obtain dry weight plant". 

3.9.3 Number of branches plant' 

The Number of branches plant" was counted from pre selected ten plants and mean 

values were taken. 
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3.9.4 Number of siliqnae plani' 

Number of total siliquae of pie selected ten plants from each plot was noted and the 

mean number was recorded. The number of siliquae planf' were counted and the mean 

was recorded. 

3.9.5 Number of seeds siliqui' 

The number of seeds were counted randomly taking 10 siliquae per treatment and mean 

value was taken. 

3.9.6 Weight of 1000-seed (g) 

The weight of thousand seeds were measured by counting 1000 seeds randomly 

from each plot and finally expressed dry weight basis. 

3.9.7 Grain yield (kg lia') 

The grain weight was taken by threshing the plants of each sample area and then 

converted to kg haS' in dry weight basis. 

3.9.8 Stover yield (kg ha') 

The stover weights were calculated after threshing and separation of grain from the 

sample area and then expressed in kg haS' in dry weight basis. 

3.9.9 Biological yield (kg hi') 

The summation of grain yield and stover yield were considered as biological yield, 

Biological yield was calculated by using the following formula 

Biological yield = Grain yield + Stover yields (dry weight basis) 
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3.9.10 IIan'est index (%) 

The harvest index was calculated on the ratio of grain yield to biological yield and 

expressed in percentage form. It was calculated by using the following formula 

Grain yield 	
x 100 

Harvest index (°") = Biological yield 

3.10 Analysis of data 

The data collected on different parameters were statistically analyzed to obtain the level 

of significance using the MSTAT computer package program. The mean differences 

among the treatments were compared by Least Significant Difference Test at 5% leveL of 

significance. 
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CHAPTER (V 

RESULTS AND DISCUSSION 

The experiment was conducted to study the performance of irrigation and 

variety on growth, yield attributes and yield of rapeseeds. The results of the present 

investigation have been presented, discussed and compared as far as possible with 

the results of other research. 

4.1 Plant height (cm) 

4.1.1 Effect of irrigation 

Significant variation was found among the irrigation levels on plant height of 

rapeseed which started from 15 DAS to onwards (Fig. 1). At 30 DAS l, 13  and 14 

irrigation produced taller plant compared to 12 (one irrigation at 35 DAS). The treatment 13  

(two irrigations at 20 and 35 DAS)showed significantly the tallest plant at 45 DAS and it 

was followed by L (three irrigation at 20 and 35 and 50 DAS). The treatment 14  (three 

irrigations at 20 and 35 and 50 DAS) showed significantly the tallest plant at 60 DAS and 

75 DAS followed by Is (two irrigations at 20 and 35 DAS). The control! treatment Io(no 

irrigation) produced the shortest plant throughout the growth period. The result 

CoiToborates with the findings of Sarker (1994) and Siag ci ciL (1993) who observed 

max imu in plant height in the irrigation  application treatment d tiring branching and siliquae 

+development stages. 
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Fig. I Effect of irrigation on plant height at different growth stages of rapeseecl 
(LSD0.0 .828, 4.08, 2.16, 1.55. 5.20 at 15,30,45,60 and 75 DAS respectively). 

4.1.2 Effect of variety 

The plant height of the varieties was different at different days after sowing 

(DAS)(Table I). At 15 and 30 l)AS, the highest plant stature, produced by the variety 

Tori-7, were highly signilicant and different from those of SAL) Sarisha-1 and Kalyania. 

At 45 DAS, the plant height of the variety Kalyania was significantly highest and 



different from those of Tori-7 and SAU Sarisha-1 (60.02 and 72.52, respectively). At 60 

and75 DAS the highest plant statures were produced by the variety SAU Sarisha-1 

followed by Kalyania and Tori-7. it is interesting to note that initially SAU Sarisha-1 

showed the shortest plant after 45 DAS the height of this variety increased rapidly up to 

75 DAS. 

Table I Effect of variely of,  plant height at different growth stages of rapeseed 

- I'Iant height(cm) at different clays after sowing (DAS) 
Variety 

30 45 60 75 

SJtU Sarisha-1 8.57 23.66 71.52 90.76 98.03 

Improved 13.29 42.82 66.02 77.10 84.69 

Tori-7 

Kalyania 12.33 37.58 79.33 86.15 91.62 

1,SD(605) 0.520 3.164 1.672 1.198 4,026 

CV(%) 6.41 12.04 3.09 - 	1.89 - 5.89 

4.1.3 'the interaction effect of irrigation and variety 

The interaction effect of irrigation and variety had a significant effect on the plant 

height (Fig. 2). Significant differences of plant heights were found in every stages of 

growth except at the early stage ( IS DAS). This was due to slow growth rate and also tbr 

the reason of no irrigation was applied before IS DAS. Maximum plant height was 

observed in the interaction of 14\'I (three irrigation and SAU Sarisha-1). The lowest plant 

height was found with l<,V1  (control condition and Tori-7) interaction. The plant response 

in terms of height to the combined treatment was found higher in the middle growth stage 

(from 30 to 60 DAS) because of better growth. The maximum plant height (106.3cm) at 

harvest was obtained from the treatment l.1V, (three irrigations x SAU Sarisha-1 )which 
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was at per with 14V 3  (three irrigations x Kalyania), 13V 1 (two irrigations x .SAV Sarisha-l), 

1 3V 3(two irrigations x Kalyania) and 12V 1 (one irrigation at 35 DAS x SAU Sarisha-1). 
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14= Control 	 V 1 .SAU Sarisha-I 
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I:— Irrigation at 35 DAS 	 V 3=. Kalyania 

l 	Irrigation at2O and 35 DAS 

14  Irrigation at 20, 35 and 50 DAS 

Fig. 2 Interaction effect of irrigation and variety on plant height at different growth 
stages of rapeseed (LSD0 = 1.33,7.07,3.34,2.68,9.00 at 15,30,35,60 and 75 
DAS respectively). 
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4.2. Dry weight 

4.2.1 Effect of irrigation level 

Significant variation was found in total dry matter plani' with different level of irrigation 

at all growth stages except two early growth stages (15 and 30 DAS). Distinct differences 

were observed in thy matter production after 30 DAS when irrigations were initiated at 

20 DAS (Fig. 3). The total dry matter production was increased with each increment of 

irrigation levels. The lowest dry matter in the early growth stages of plant was due to 

internal moisture deficient that made the plants to have lower height and failed to 

increase growth parameter due to lower net assimilation rate..This adversely affected the 

dry matter accumulation in plants. Wright eta! (1988) expressed the similar observation 

in respect of dry matter. Application of three irrigation produced the highest number of 

branches which might have contributed in the accumulation of highest dry matter at latter 

growth stages (45,60 and 75 DAS). Saran and Gin (1988) noticed similar observation of 

dry matter accumulation in rapeseed plant with increasing irrigation levels. 
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Fig. 3 Effect of irrigation on dry weight of rapeseed (LSD005NS, NS, 0.48,0.82,0.92 
at 15.30,45,60 and 75 DAS respectively). 
*NSNOt Significant 

4.2.2 Effect of variety 

The dry weight among the varieties was different at different l)AS(Table 2). At IS and 30 

DAS. the highest dry weight was produced by the variety Improved Tori-7 than SAU 

Sarisha.1 and Kalyania. At 45 DAS, the plant height of the variety Kalyania was 

significantly highest than other two varieties. At latter grosih stages (60 and 75 DAS) the 
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highest dry matter was found in SAU Sarisha-1 followed by Kalyania and lowest was 

observed in improved Tori-7 variety. 

Table 2 Effect of variety on dry weight of rapeseed 

Dry weight (grn) at different days after sowing (DAS) 
Variety 

15 	30 45 60 75 

SAU Sarisha-1 0.07 0.62 5.09 8.21 9.23 

Improved 0.11 0.91 4.05 5.95 5.86 

Tori-7 

Kalyania 0.082 0.73 5.96 7.12 7.50 

LSD (0.05) 0.0334 0.085 0.375 0.634 0.709 

CV(%) 8.71 15.03 9.96 11.94 12.58 

4.2.3 Interaction effect of irrigation and variety 

The interaction effect of irrigation and variety exerted significant effect on tim dry weight 

plani' for all growth stages except 15 DAS (Fig. 4). At 60 and 75 DAS maximum thy 

weights were observed in the interaction of LV1  (three irrigations x SAU Sarisha-1) 

which was at par with 13V1  (two irrigations x SAU Sarisha-l). The lowest dry weight was 

found in the interaction of 10V (control condition x Improved Tori-7) at 60 and 75 DAS. 
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Fig. 4 Effect of irrigation and variety on dry weight at different growth stages 
of rapeseed (LSD005=NS ,0.190, 1.42,1.56, 1.56 at 15,30,45,60 and 75 
DAS respectively). 
*NsNot Significant 

4.3. Number of branches plant' 

4.3.1 Effect of irrigation level 

From the study it was found that irrigation exerted significant influence on the number 

of branches planf'(Table 3). The maximum number of branches plant" (6.26) was found 

from a plant subjected to three irngat;ons, one at 20 DAS. one at 35 DAS and another at 
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50 DAS. The lowest numbers of branches plant1  (2.89) was found from control 

treatment. The maximum increase 116.6% of branches planf' was obscied with three 

irrigations (at 20, 35 and 50 DAS) compared to unirrigated control treatment. Branch 

number was also increased with the application of one irrigation at 20 DAS over control 

but the rate was lower than three irrigations. In case of one irrigation (at 20 DAS) the rate 

of increase was 52.60% and in case of one irrigation (at 35 DAS) the rate was 95.50%. 

The same thing was also happend in case of two irrigations (at 20 and 35 DAS). Similar 

linding was reported by Joarder et at (1979) that irrigation increased 	primary and 

secondary branches plani' 

4.3.2 Effect oFvariety 

Number of branches plant differed significantly due to varieties (Table 4). SAU 

Sarisha-1 produced the highest number of branches plani' (5.43) which was significantly 

higher than Kalyania (4.80) and Improved Tori-7 (4.40), Numerical value indicated that 

SAU Sarisha-I produced 23.36% and 13.10% higher branches plant1  than Improved 

Tori-7 and Kalvania, respectively. 

4.3.3 Interaction effect of irrigation and variety 

Numbers of branches planf' was significantly increased by the interaction effect of 

irrigation and variety (table 5). The maximum number of branches plant" (7.12) was 

found from the interactions between two irrigations (at 20 and 35 DAS) and three 

irrigations (at 20. 35 and 50 DAS) with SAU Sarisha-]. The lowest number of branches 

plant 1  (2.38) was found from the interaction between without irrigation x  Improved Tori-

7. it revealed that the plants of SAU Sarisha-1 produced higher number of branches planf 

'by possing sufficient moisture. 
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13 5.86 	 107.10 

14 6.26 	 124.10 

LSD (0.05) 0.391 	 4.190 

CV%) 8.07 	 4.95 

Here. 
10= Control 

12= Irrigation at 35 DAS 

14= Irrigation at2O,35 and 50 DAS 

	

17.52 	2.61 

	

19.89 	 2.91 

9.30 	 8.13 

I I = Irrigation at 20 DAS 

h= Irrigation at 20 and 35 DAS 

4.4Number of siliquac plani'. 

4.4.1 Effect olirrigation level 

Irrigation showed significant variation in producing siliquac plan('(Table 3). in 

general, application of irrigation at different leves increased the production of 

siliquae plant 1  over control (no irrigation). i'hrce irrigations (at 20, 35 and 50 DAS) 

produced the highest number of siliquac plani' (124.10) followed by two irrigations 

(at 20 and 35 DAS) and one irrigation (at 35 DAS). The lowest number of siliquac 

plani' was found in control treatment which was 63.73, 57.97, 48.24 and 40.361/o 

lower than three irrigations, two irrigations, one irrigation at 35 DAS and one 

irrigation at 20 DAS, respectively. The results were partially supported by Clarke and 

Simpson (1978) and fully supported by Sharma and Kumar (1989a) in that irrigation 

increased siliquac planf t . 

Table .3 Effect of irrigation on yield character of rapeseed 

Irrigation Branches Siliquc 
level plaui' 

(no.)  
2.89 	 45.01 

it  4.41 	 75.47 

1 2  5.65 	 86.96 

	

Seed 	Weight of 

	

siliqua 	1000 seed (g) 

16.48 2.05 

16.38 2.30 

16.67 2.49 
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4.4.2 Effect of variety 

Siliquac plani' varied significantly due to varieties (Table 4). The result revealed that 

Kalyania produced the highest number ofsiliquae plan(1  (94.96) which was significantly 

higher than SAU Sarisha-1 and Improved Tori-7 (89.97 and 78.28, respectively). Similar 

observation was also reported by Islam ci at (1994) that siliquae plantd  varied from 

variety to variety. 

4.4.3 . lie interaction effect of irrigation and variety 

Sign ificant difference was found due to the interaction of irrigation and variety (Table 5). 

Three irrigation with SAU Sarisha-1 (L,Vi) produced the highest number of siliquac 

planf' (14020) which was 288.36% higher than that of no irrigation x  SAU Sarisha-1 

interaction (10V1). The lowest number of siliqua plani' (36.13) was found from the 

treatment IoV i.The result agreed with the findings of Andrews (1972) who obsen'ed the 

positive effect of irrigation water towards siliquae formation. 

4.5 Number of seeds siliqu&' 

4.5.1 Effect of irrigation level 

Number of seeds siliqua' was significantly affected by irrigation level. The number of 

seeds siliqua' was increased with the increased number of irrigation (Table 3). 

Significantly the highest number of seeds siliquzi' (19.89) was found with three 

irrigations (at 20, 35 and 50 DAS) while the lowest number of seeds si1iqua was found 

with control and one irrigation (at 20 DAS). Seeds siliqua4  was increased with the 

increased irrigation level due to the supply of adequate soil moisture which helped to 
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produced the longer siliqua and have more number of seeds. That. reported by Prasad and 

Ashanullah (1988), Sarker and Hassan (1988), Shamia and Kumar (1989b) and Dobariya 

and Mehta (1995). 

4.5.2 Effect of variety 

Seeds siliciva4  varied significantly among the varieties (Table 4).. SAU Sarisha-1 showed 

the highest seeds siliciva' (18.20) followed by Improved Tori-7 (17.06). The lowest seeds 

siliqua" (16.91) was found in Kalyania. SAU Sarisha-J showed 7.63 and 6.68% higher 

seeds siliqua-' over Kalyania and Improved Tori-7, respectively. The present study were 

consistalu with the findings ofiahan and Jakaria (1997). 

Table 4 Effect of variety on yield characters of rapesced 

Variety Brandies 	I  Siliqua plani' Seed siliqua' Weight of 
plauit '  (no) (no) (iio) 1000 	seed (gin) 

SAU Sarisha-1 5.435 89.97 18.20 2.585 

Improved 4.405 78.28 1706 2.335 

Tori-7 

ICalyania 4.807 94.96 16.91 2.492 

LSD (0.05) 0.303 3.245 1.210 0.1439 

CV(/) 8.07 4.95 9.30 7.83 

4.5.3 interaction effect of irrigation and variety 

Irrigation and variety interact signilcancly each other in producing seeds siliqua' (Table 

5). The highest number of seeds siliqua' (20.93) was found when three irrigations were 

applied with SAU Sarisha-1 followed by 14V 1  (three irrigation x  SAU Sarisha-1) and 

1)V )  (two irrigation x  SAU Sarisha-l). 
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4.6 Wcight of 1000 seeds 

4.6.1 Effect of irrigation 

irrigation levels had significant effect on lOGO seed weight(Table 3). Three irrigations 

(at 20, 35 and 50 DAS) produced the heighest 1000 seed weight (2.90 g) which was 

significantly superior to one irrigation applied at 20 DAS (2.299) and one irrigation at 35 

DAS (2.49), respectively. The lowest 1000 seed weight (2.04g) was produced by without 

irrigation (control). The result was supported by Sarker and Hassan (1988), Sharnia and 

Kumar (1990), Rahman (1994), and Sarker c/at (2000). 

4.6.2 Effect olvariety 

Weight of 1000 seed differed significantly among the varieties (Table 4). The result 

revealed that SAU Sarisha-I had the highest 1000 seeds weight (2.58g) which was 

statistically higher from that of Kalyania (2.49g) and lmprovcd Tori-7(2.33g). 

However, 1000 seed weight was statistically at par with SAU Sarisha-1 and Kalyania. 

Similar (indings were reported by Mondal and Wahhab (2001) that weight of 1000 

seeds vary from variety to variety. 

4.6.3 The interaction effect of irrigation and variety 

interaction effect of irrigation and variety was found significant in producing 1000 seed 

weight (Table 5). The highest weight of 1000 seed (3.09g) was found from the 

combination ofthree irrigations (at 20, 35 and 50 DAS) with SAU Sarisha-I. The lightest 

seed (1 .93g) was found from the treatment combination of no irrigation and improved 

Tori-7 (lVz). However, the combination of the all varieties with no irrigation treatment 

were found statistically similar in respect of seed weight. 
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Table S Interaction effect of irrigation and variety on yield character of rapeseed 

Irrigation x 

Variety 

- 	Branches 

plant" 

(no.) 

Siliqua 

plant' 

(no.) 

Seed 

siliqua4  

(no.) 

Weight of 

1000 seed 

(g) 

10V1  3.09 36.13 16.87 2.03 

11Y2 2.38 41.43 16.02 1.93 

10V3  3.20 57.46 16.55 2.18 

11V1  5.31 7813 16.74 2.37 

11V 4.00 62.13 15.91 2.10 

3.92 86.13 16.50 2.42 

12V1  6.53 88.53 16.82 2.48 

12V2  5.19 76.25 16.31 2.33 

11V3  5.22 96.10 16.89 2.62 

7.12 106.90 19.63 2.95 

13V2  4.80 102.60 13.23 2.51 

13V3  5.66 111.90 14.70 2.36 

14V1  7.12 140.20 20.93 3.09 

14V2  5.64 109.00 18.85 2.75 

14V3  6.02 123.20 19.90 2.38 

LSI) (0.05) 0.6773 7.256 2.705 0.3217 

CV('b) 8.07 4.95 9.30 8.13 

Here. 

l 	Control 	 V1=.SAU Sarisha-] 

1 	Irrigation at 20 DAS 	 V2= Tori-7 

12= Irrigation at 35 DAS 	 V. Kalyania 

1 	Irrigation at 20 and 35 DAS 

14= Irrigation a120, 35 and 50 DAS 
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4.7 Grain yield (kg ha4 ) 

4.7.1 Effect of irrigation 

Seed yield varied significantly due to irrigation level (Table 6). In general irrigation 

application increased seed yield over control (no irrigation). Maximum seed yield 

(1517.0kg ha1) was found from three irrigations (at 20, 35 and 50 DAS) which was 

statistically higher than the yield obtained from the controll as well as other irrigation 

treatments. The lowest seed yield (715.8 kg ha4) was found in unirrigated control 

condition. In control condition, high mortality of seedlings reasulting from shortage of 

soil moisture might have drastically reduced the yield. Saniui ci aL (1986 ) and Malavia 

ci at(1988) reported similar reasults in rapeseed in respect of seed yield. Under no 

irrigation treatment internal moisture deficit led to lower plant height, failed to increase in 

growth parameters and reduced the net assimilation rate, which adversly affected yield 

components and thus yield was reduced. Three irrigations (at 20, 35 and at 50 DAS) 

significantly increased the seed yield due to favorable growth condition with maximum 

production of dry matter due to adequate moisture. The present result was in agreement 

with those obtained by Sarma and Kuniar (1989b) and Joarder ci at (1979) who ieported 

that irrigation increased seed yield of rapeseed. 
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'l'abtc 6 Effect of irrigation on yield and harvest index of ra pesced 

Irrigation 
level 

Seed yield 
(kg 	lu') 

Stover yield 
(kg lia') 

I 	Biological 
yield (kg ha") 

Harvest 
iudex(%) 

10 715.8 1469.0 2185.0 32.80 

11  1016.0 1997.0 3013.0 33.72 

12 1151.0 2138.0 3283.0 35.03 

I)  1370.0 2181.0 3561.0 38.68 

14 1517.0 2208.0 3726.0 40.44 

LSD (0.05) 63.48 208.0 234.1 2.024 

CV (%) 	 5.70 	 10.78 	 7.69 	 5.80 

[line, 

111= Control 	 I,= Irrigation at 20 DAS 

1 	Irrigation at 35 DAS 	1= Irrigation at 20 and 35 DAS 

14= Irrigation at2O, 35 and 50 DAS 

4.7.2 Effect of variety 

Grain yield of rapeseed among the varieties was significantly different from one another 

(Table 7). The variety SAIJ Sarisha-1 produced seed yield of 1296 kg ha4, which was 

significantly lughest than those of Kalyania (1278.0 kg hi').and Improved Tori-7 (888,7 

kg ha"). Again the yield of Kalyania differed significantly from that of Improved Tori-7. 

The result was in conformity with the findings of Islam cr1 at (1994) who indicatcd the 

yield variation due to varietal differences. 
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4.7.3 Interaction effect of irrigation and variety 

Interaction effect of irrigation and variety exerted significant variation in respect of grain 

yield (Table 8). Among the interaction treatments 14V1  (three irrigation x  SAU Sarisha-1 

produced the highest seed yield (1827.0 kg ha') which was 224% higher than the 

lowest yield (563.2 kg hi') by IN,  (no irrigation x  Improved Tori-7). The lower yield 

of kV1 compared to other studied varieties might be due to the limitation of varietal 

genetical makeup. 

4.8 Stover yield (kg ha') 

4.8.1 Effect of irrigation 

Application of irrigation at different levels increased stover yield (ranged 1997.0-2208.0 

kg ha4 ) over control. Significant variation was found in stover yield at different irrigation 

levels (Table 6). Three irrigations (at 20, 35 and at SO DAS) produced the highest stover 

yield (2208.0 kg ha") followed by 2 and I irrigations. It is interesting that irrigation 

applied treatment helped to produce tallest plant, more number of branches plant" and 

number of siliquac plant" which ultimately increased stover yield. The treatment no 

irrigation produced the lowest stover yield (1469.0 kg ha"). Pate! dat (1991), Sarker c' 

at (2000), and Sarker c/at (2001) reported similar views in respect of stover yield that 

irrigation increased stover yield 



4.8.2 Effect of variety 

Stover yield for different varieties of rapeseed under study differed significantly from 

one anothcr (Table 7). Kalyania produced the higher stover yield (2159.0 kg haS' ) 

which was statistically at par with SAU Sarisha-1 (2156.0 kg ha4 ) and higher than 

Improved Tori-7 (1681.0 kg haj. Kalyania and SAU Sarisha-1 out yielded (in respect of 

stover yield) 478 and 475 kg h' over Improved Tori-7, The result was confirmatory 

with the findings of Chakraborty et at (1991) and Saran and Gin (1987) that the dry 

matter production in crops was importantly deLermined by varietal characteristics. 

Table 7 Effect of variety on yield and harvest index of rapeseed 

Variety 	 Seed 	TStovev 	Biological 	harvest index 
yield 	I yield 	 yield 	 (%) 

(kg ha') 	(kg ha4 ) 	(kg lia') 

SAU Sarisha-I 	1296.0 	2156.0 	. 	3454.0 	 3710 

Improved 	888.7 	1681.0 	2570.0 	 34.37 

Turi-7 

ICalyania 	1278.0 	2159.0 	3437.0 	 36.92 

LSD(0.05) 	49.18 	161.10 	4.39 	 1.568 

CV(%) 	 5.70 	10.78 	7.69 	 5.80 

4.8.3 Interaction effect of irrigation and variety 

Interaction of irrigation and varietiy showed significant variation in producing stover 

yield (Table 8). The table showed that the interaction treatment 14V1  (three irrigation 

SAU Sarisha- I) produced significantly highest stover yield (2911.0 kg had ) where as the 

interaction treatment LV2 (no irrigation x  improved Tori-7) produced die lowest stover 
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yield (11790 kg hi') The result also showed that interactions of SAU Sarisha-1 and 

Kalyania with all irrigation level showed higher amount ofstovcryield than Tori-7. 

4.9 Biological yield 

4.9.1 Effect ofiri'igation level 

Irrigation Levels showed significant variation in biological yield (Table 6). The control 

treatment produced the lowest biological yield (2185.0 kg haj. Three irrigations (at 20, 

35 and at 50 DAS) showed the highest (3726.0 kg ha4) biological yield followed by two 

irrigations (at 20, and 35 DAS) 3561.0 kg ha'. Three and two irrigations produced 70.53 

and 62.97% higher biological yield than control (ito irrigation treatment). 

4.9.2 Effect of variety 

Like grain yield SAU Sarisha-1 produced the highest biological yield (3454.0 kg ha4) 

which was statistically similar with Kalyania (3437.0 kg ha4 ). Improved Tori-7 (2570.0 

kg ha1) produced the lowest biological yield (Table 7). The difference between SAU 

Sarisha-1 and Improved Tori-7, and Kalyania and Improved Tori-7 were 884 and 867 kg 

hi', respectively. 

4.9.3 Interact iou effect of irrigation and variety 

Interaction effect of irrigation and variety influenced the biological yield significantly 

(Table 8). The treatment LV, (three irrigation x  SAU Sarisha-l) produced the highest 

biological yield (4238.0 kg ha') followed by 13V, (two irrigation x  SAU Sarisha-I) 

(3950.0 kg ha') and l.N3 (three irrigation x Kalyania) (3927.0 kgha'). The lowest 

biomass was found from the treatment ofTV2 0442.0 kg ha'). 
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Table S Interaction effect of irrigation and variety on yield and harvest index of 

rapeseed 

Irrigation x 

Variety 

- 	Seed 

yield 

(kg hi') 

Stover,  

yield 

(kg hi') 

Biological 

yield 

(kg hi') 

Harvest index 

(%) 

lovi 746.1 1546.0 2292.0 32.70 

10V2 563.2 1179.0 1442.0 32.34 

10V3  838.0 1682.0 2520.0 33.35 

11V, 1086.0 2131.0 3217.0 33.81 

11V1  797.2 1664.0 2461.0 32.51 

11V3  1164.0 2195.0 3359.0 34.83 

12V1  1247.0 2344.0 3570.0 34.89 

12V2  899.6 1770.0 2669.0 33.87 

12v., 1308.0 2300.0 3610.0 36.32 

13V, 1573.0 2347.0 3950.0 40.92 

1068.0 1898.0 2966.0 36.10 

13V3  1469.0 2299.0 3768.0 39.01 

LV, 1827.0 2411.0 4238.0 43.16 

14V2  1115.0 1897.0 3012.0 37.05 

14V3  1609.0 2317.0 3927.0 41.11 

LSD (0.05) 110.00 - 	360.30 405.50 3.51 

CV (%) 5.70 10.78 7.69 5.80 

Here, 
10= Control 	 V1=.SAU Sarisha-I 

I I= Irrigation at 20 DAS 	 Vz= Tori-7 

z= Irrigation at 35 DAS 	 V3 . Kalyania 

1.1= Irrigation at 20 and 35 DAS 

14= Irrigation at 20,35 and 50 DAS 



4.10 Harvest index 

4.10.1 Effect of irrigation level 

lmgation level had significant effect on harvest index (Table 6). Among the five 

irrigation levels three irrigations (at 20, 35, and 50 DAS) gave the highest harvest index 

(4044%) Which was statistically at par with two irrigations at 20 and 35 DAS (38.68%). 

The lowest value of harvest index (32.80%) was obtained from the treatment lo (control). 

The result corroborates with the findings of Sacker (1994) who observed irrigation 

application gave higher harvest index over control. 

4.10.2 Effect of variety 

SAU Sarisha-J exhibited the highest value (37.10 %) of harvest index (37.10 %) and 

Improved Tori-7 showed the lowest value (34.37 %). SAU Sarisha-1 and Kalyania 

showed statistically similar values of harvest index.. The results in respect of harvest 

index was in agreement with the findings of Islam ci al. (1999) who observed the harvest 

index varied markedly among varieties. 

4.10.3 Interaction effect of irrigation and variety 

Significant interaction effect between irrigation and variety was observed in respect of 

harvest index. Interaction of LV1  (three irrigation x  SAU Sarisha- I) produced the highest 

harvest index (43.16%) followed by 14V3 (three irrigation x Kalyania). The treatment bY2  

(no irrigation x Improved Tori-7) produced the lowest harvest index (32.340/6). 
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ChaDterV 

Summary and Conclusion 



CHAPTER V 

SUMMARY AND CONCLUSION 

The experiment was conducted at the field of the Sher-e-Bangla Agricultural University 

farm, Dhaka to find out the effect of irrigation level and 	variety on growth, yield 

attributes and yield of rape seed. The results are summarized below. 

Significant variation was found in plant height for irrigation levels. In respect of plant 

stature three irrigations gave the tallest plant. SAU Sarisha-1 produced the tallest plant 

and Improved Tori-7 gave the shortest plant among the varities. Maximum plant height 

was found from the interaction of three irrigation (at 20, 35 and 50 DAS) x SAU 

Sarisha -I. 

Dry weight was greatly influenced by irrigation. The control (no irrigation) treatment 

produced the lowest dry weight plant-' for all growth stages. Three irrigations produced 

the highest dry weight at 60 and 75 DAS. Among the varieties SAU Sarisha-1 produced 

the highest dry weight at 60 and 75DAS. The interaction of three irrigation with SAU 

Sarisha-1 showed the maximum thy weight and lowest dry weight was observed in the 

interaction olone irrigation with SAU Sarisha-1 at 15 DAS. 

Three irrigations produced the highest number of branches plant-1  which was 

significantly superior to the control and one irrigation. Maximum number of branches 

planf' was observed in SAU Sarisha- I and the lowest in unproved Tori-i. On the other 
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hand interaction of three and two irrigations with SAU Sarisha-1 produced the highest 

and sinii tar number of branches ptani' (7. Lii) tinder the study. 

Sitiquae plani' was highest (124.1) with three irrigations (at 20, 35 and 50 DAS) and that 

of lowest with 110 irrigation. Kalyania produced the highest (94.96) and Iniproved Tori-7 

produced the lowest (78.28) number of siliquac ptant4. Three irrigation x  SAU Sarisha-1 

interaction produced the highest number of silicLuac plani' (140.2) that followed by the 

interaction between three irrigations and Kalyania. 

Number of seeds siiiqua' was significantly affected by irrigation, variety and their 

interaction. Three irrigations produced the highest number of seeds sihqua' whereas 

control and one irrigation produced comparativety lower number of seeds siliqua'. 

SAL Sarisha-1 produced the highest number of seeds siliqua4. Treatment combination 

of three irrigations with SAl) Sar,sha-1 produced highest number of seeds siliqui'. 

Thousand seed weight was higher with the increasing of irrigation. Three irrigation 

produced highest weight of seeds, whereas no irrigation produced the lowest seed 

weight. In case of variety, SAU Sarisha-1 produced the highest weight of 1000 seed and 

Improved Tori-7 produced the lowest. Interaction of three irrigations x SAU Sarisha-! 

produced the highest weight of 1000 seeds. 
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Seed yield (kg ha1) varied signiticantly among the irrigation levels, varieties and their 

interactions. Three irrigation produced the highest seed yield whereas control 

treatment produced the lowest yield ha1. SAU Sarisha-1 produced the highest seed 

yield (1296.0 kg ha1  ) lollowed by Kalyania (1278.0 kg had) . Treatment combination 

of three irrigations with SAU Sarisha-1 produced the highest seed yield (1827.0 kg hi 

5 which was 224% higher than the lowest yield (563.2 l<g hi') produced by Improved 

Tori-7 with control. 

Among the irrigation treatments, three irrigation produced the highest stover yield and 

the variety Kalyania produced the highest stover yield. 'l'reatrnent combination of three 

irrigations with SAU Sarisha-1 produced the highest stover yield (2411.0 kg hi'). 

irrigation levels, varieties and their interaction showed significant variation in biological 

yield. The control treatment produced the lowest biological yield (2185. kg ha1) and 

three irrigations (at 20, 35and 50 DAS) produced the highest biological yield (3726.04 kg 

hi'). The interaction effect showed that three irrigation coupled with SAU Sarisha-1 

produced the highest biological yield (4238.0kg ha1) and no irrigation x Improved Tori-

7 showed the lowest (1442.0 kg hi') biological yield. 

Among the five irrigation levels, three irrigation gave the highest harvest index (40.44%) 

SAU Sansha-1 produced the highest harvest index (37.10%). interaction of three 

irrigations SAU Sarisha-1 produced the highest harvest index 143._L6%) 

(e(e)i 
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From the present study, it may be concluded that irrigation levels influence the 

growth, yield and yield components of rape seed varieties. Among the irrigation levels, 

three irrigation (at 20, 35, and 50 DAS) followed by two irrigations (at 20 and 35 DAS) 

and among the varieties SAU Sarisha-1 and the interaction between three irrigation x 

SAU Sarisha-! were found to be most promising. 

56 



References 



RE FERENCES 

Ahmcd. F. Karini. Nil. R. and Jahan, M.A. (1999). Eflectof different management 

practices on the productivity and profitability of mustard under late sown 

condition. Bangladesh J. ,4griL Res. 211(3): 425-430. 

All. M. H. and Rahman, M. A. (1988), Response of nitrogen in TS-72 (KaLyania) 

cultivar of lirassicci cainpesuis. Bang/ac/es/i I. Agric. 11(3): 83-86. 

Andrews, J. E. (1972). Research Branch Report. Canadian Agricultural Research Station, 

Lethbridge. Atlanta. p. 309. 

BAR! (Bangladesh Agricultural Research Institute). (2000). Annual Report of 1999-

2000. Oilseed Research Centre. Bangladesh Agril. Res. lnsL Joydepur, Gazipur. 

pp. 120-123. 

BARI (Bangladesh Agricultural Research Institute). (2001). Annual Report of 2000-

/ 2001. Oilseed Research Centre. Bangladesh Agril. Res. Inst. Joydepur, Gazipur. 

pp.] 15-118. 

BAR! (Bangladesh Agricultural Research Institute). (2002). Regional yield trial of 

-' selected varieties of mustard (iIrassica cainpcswis ).Annual Report . Bangladesh 

Agril. Res. Inst. Joydebpur, pp.32-33. 

BBS (Bangladesh Bureau of Statistic). (2001). Statistiical Yearbook of Bangladesh. 

Statistics Division, Ministry of Planning,Govt. Peoples Repub. Bangladesh. pp. 

100 1-125. 

BBS ( Bangladesh Bureau of Statistic). (2004). Statistiical Yearbook of Bangladesh 

Statistics Division, Ministry of Planning,Govt Peoples Repub. Bangladesh. 

pp.122-I39. 

7 

57 



l3hargava, S. C. (1991). Physiology. In: Oilseed lrassica in Indian Agriculture. Eds. U. 

L. Chopra and Shyan Prakas. 1-lar-Anand Publications and Vikas Publish Pvt. Ltd. 

pp. 151-197. 

Chakraborty, P. K., Majumder, A. and Chatterjec. B. N. (1991). Physiological process in 

Indian mustard (/3. juncea) and yellow sarson (B. nams var. glauca) and their 

organic appraisal in mild and short winter prevailing in Gangetic plain of Eastern 

India. list/ian J. Agric. 5th. 61(11): 851 -861. 

Chauhan, Y. S. and I3hargave, S. C. (1984). Physiological analysis of growih and yield 

variation of rapeseed and mustard. .1. .4gric. Sc:. ('anthridge, 1t3: 139— 147. 

Clarke, J. M. (1978). The effect of leaf removal on yield and yield components of 

Brassica napus. ('anculian.,). Plant Sd. 58(4): 1103-1 105. 

Clarke. J. M. and Simpson, G.M. (1978). Influence of irrigation and seeding rates on 

yield and yield components of lirasssica nupus cv. Tower. Canadian. J. P/ant Sd. 

58(3): 731-737. 

Dalal, J. L., Lobana, K. S. and Singh, A. (1963). Improved agricultural practices and 

manuring for higher yields of Brassica oil seeds in the Punjab. Field Crop Abst. 

16(4): 264-65. 

Dobariya, D. K. and Mchta, H. M. (1995). Effect of irrigation, nitrogen and ascorbic acid 

on Indian mustard (Jjrcm;cica /uncca). Indian .i.A.gmn. 40(3): 522-524. 

FAO (Food and Agricultural Organization) (1998) Production Yearbook. Food and 

Agricultural Organization of the United Nations, Rome 00100, Italy. 

FAO (Food and Agricultural Organigation), 2001. Production Yearbook for 1999. FAO, 

UN, Italy, Rome. p. 118. 

58 



FAO (Food and Agricultural Organization). (2004) FAOSTAT database of Agriculture 

(Crops).litip://%vww.f.io.org. 

Ghatak, S., Sounda, G. and Jana. P. K. (1992). EIThct of irrigation and nitrogen on seed 

and 011 content of Indian mustard (llrassicajuncca). Indian .1. Agric. Sd. 62(10): 

668. 

Gill, M. S. and Narag. R. S. (1993). Yield analysis in gobhi saeson (llaiwsica napus sub 

sp. olc/&rc, var. aninia) to irrigation. Indian .1. Agmn. 38(2):257-265. 

Gin, G. (2001). Effect of irrigation and nitrogen on the performance of Indian mustard 

(lirassica/uncea) and sunflower (1-k'lianthus annuus) under two dates of sowing. 

Iiu/iwi .L Agivn. 46(2): 304-308. 

Ilasan, A. A., Sarkar, A. A. and Hainid, M. A. (1988). Development of water use 

management practices for different crops using nuclear techniques and small scale 

irrigation structures. Workshop on the evaluation of the research activities under 

PL-480 Programme (Title 3) for 1986-87 at Bangladesh Institute of Nuclear 

agriculture (BLNA), Myniensingh, Bangladesh during 23 April. pp. 11-12. 

Hoque, M. It., Ahmed, M. U. and Rahman, M. A. (987). irrigation scheduling for 

optimum yield of mustard. iJangladcshi. Agric.Sci. 14:31-34. 

1-lossain, M. F., Zakaria, A. K. M. and Jahan, M. If. (1996). Technical report on variety 

screening adaptive research oi Iseeds. Rural Development Academy, Bogra. 

Banglaadesh. pp.  6-34. 

Hossain, S., Hazarika, G. N. and I3arua, P. K. (1998). Genetic variability, heritability and 

genetic advance in Indian rapeseed (lira.s'sica cinapesins L.) and mustard (B. 

juncta). .1. .4ssain A•gri/. (f/lit', 11(2): 260-261. 

59 



Islam, N., Choudhury, NI. and Karim, M. R. (1994). Effects of sowing date on growth 

and development of mustard and rapes. Pmgretv Agric. 59: 23-29. 

Islam, N. and Razzaquc, A. S. M. A. (1999). Accummodating mustard in the transplant 

anian rice mustard cropping pattarn. I selection of mustard varieties to talc 

sowing. BAU Res. Prog. 10:58. 

Jahan, M. II and A. K. M. Zakaria. (1997). Growth and yield performance of different 

vartties of rapseed, mustard and Canola in level in Barind tract. Progress. Aagrio. 

76(5):24 1-246. 

Joarder, 0. L. Paul, K. and Goose, S. K. (1979). Effect of irrigation and fertilizer on 

mustard (iirctssicaju;;cca). Expt. Agric. 15(3): 299-302. 

Karim, M. R., Ahmed, F. and Islam, R. (2000). Performance of some Jirassica juncea 

varieties/lines under on farm condition at Pabna. Bangladesh .1. Agril. Li. 27(1): 

157-158. 

N.S. and Sharma, 0. L. (1988). Effect of irrigation and nitrogen schedule and 

nitrogen level on seed yield, consumptive use and water use efficiency of mustard 

(Brassica/zincea). Inc/ian .1. Agivn. 36: 147-139. 

Lal. B., Chandra, N. and Yadav, M. S. (1989). Response of mustard cv. Varuna to 

different irrigation schedules. Indian .1. Agron . 34(1): 127-128. 

Mahal, S. S., Gill, M. S. and Narang, R. S. (1995). Effect of irrigation and nitrogen levels 

on growth and yield of toria (lirassica cainpeswis L.). Res. Dcv. Rep. 12(1-2): 24-

29. 

60 



Maini, N. S., Saandhu, J. S. and Johal, K. S. (1965). Effect of sowing dale, spacing, 

irrigation and nitrogen levels on the grain yield and growth of toria (Ilrassica 

campesiris). Field ('niiiAbs( 18(10): 48. 

Malavia, D. D,, l'atel, J.C. and Vyas, M. N. (1988). Study on irrigation, nitrogen and 

phosphows levels on growth and yield of mustard. Indian J. Agron. 33(3): 

245-24 8. 

Malik, R. S. (1989). Seed yielld and oil content of cultivated species of Brassica in 

relatton to aphid and white rust infestation. AnnalsAgric. Rex. 10(2): 178-181. 

Mendhani, N. J., Russet., J. and .Jarosz, N. K. (1990). Response to sowing time of three 

contrasting Australian cultivars of oilsced rape (Brassica napns),.J. Agric. Sci  

canthridge. 114(3): 275-3 

Mendhani, N. J., Shipway, P.A. and Scolt, R. K. (1981). The effect of delayed sowing 

and weather on growth, development and yield of winter oilseed rape (Iirasvica 

napus). J. Agric. Sci. Camb, 96:389-46. 

K 
(I'OA (Ministry of Agriculture). (2006). Agriculture Statistics Database of the official 

website of the Ministry of Agriculture of the people's Republic of Bangladesh. 

http://www.nioa.gov.bd/statistics.  

Mondal, M. R. I. and Wahhab, M. A. (2001). Production technology of oilseeds. Oilseed 

Res. Centre, Bangladesh Agril. [(es. Ins. Joydebpur, Gazipur. pp. 6-24. 

Mondal, M. R. I., Islam, M. A. and Khalequc, M. A. (1992). Effect of variety and 

planting date on the yield performance of mustard/rapeseed. Bangladesh .1. Agril. 

Sci. 19(2): 181-188. 

61 



Mondal, S. S., Nayak, It. L. and Jayaram, D. (1988). Effect of irrigation on yield 

attributes and yield of mustard (I3rassica juncea). Inc/iai; Agriculturist. 32(4): 

263 -266. 

Padnian, D. R., Porwal, B. L. and Patet, J. C. (1994). Effect of levels of irrigation, 

nitrogen and jalashakti on growth and yield of Indian mustard (lirassicajuncea). 

Indian .).Agron. 9(4): 599-603 

Parihar, S. S. and Tripathi, R. S. (1989). Influence of irrigation and nitrogen on yield, 

nutrient content and oil yield of mustard. Indian]. Agron. 34(1): 4549, 

B. R., Singh, D. and Gupta, M. L. (1991). Effect of irrigation and intercropping on 

gram and mustard. Indian .1 14gmn. 36(2): 283-284. 

Paul, N. K. and Begum, F.A. (1993). Effect of irrigation at specific developmental stages 

on growth and yield of mustard. Bangladesh .I..4gri. 18: 77-79. 

Prasad, U. K. and Eshanullah, M. (1988). Effect of irrigation and nitrogen on yield and 

yield attributes of mustard. Indian I. ,Jtpvn. 33(l): 47-51. 

Rahman, L. (1989). Manageniant practices for good quality seed production of oliferous 

Brasica. Pulse and oilsecd techniques in Bangladesh. Bangladesh Agri. Res. 

Coun., Dhaka. pp.  85-87. 

Rahnian, M. A (1994). Effect ofnitrogen. sulphur and irrigation on the yield and yield 

components of mustard (cv. Sampad). M. S. Thesis. Dept. of Agronomy, 

Bangladesh Agril. Univ., Myrnensingh, Bangladesh. 

Rahinan, M. M. (2002). Status of oil seeds and future prospects in Bangladesh. Paper 

presented in Review Workshop on the Impact of Technology Transfer on Oil 

Crops. Held at BAItI on 29 April. 

62 



Rarihsr, S. S. (1990). Effect of nitrogen and irrigation on mustard (lirassica juncea), 

Indian.]. A gron. 36: 156-159. 

Rat]iorc, A.L. and Patch S.L. (1989). EIThct of irrigation and nitrogen on mustard. 

lianwia .1. Agran. 5(2): 148-151. 

Raut, R. F., Elamid, A., Hadole, S. S., Jeughate, G. S. and Sajid, M. (1999). Dry matter 

and grain yield of mustard as influenced by irrigation and sulphur levels. Ann. 

/'lcuit P1;ywiol. 13(2): II 8-I 22 

Reddy, B. N. and Sinha, M. N. (1987). Effect of irrigation and fertilization on yield and 

economics of Indian mustard.J. Ui/sect! [(c's. 4(2): 202-210. 

Richard, R. A. and Thurling N. 	(1978). Variation between and within species of 

rapeseed (Iirassica campe.vwis and Jirassica napus) in response to drought stress. 

Australian.....4gric /&. 29: 469-77. 

Roberison. M. J., Holland , J.F. and Bambach, R. (2004). Response of canola and Indian 

mustard to sowing date in the grain belt of North-Eastern Australia. Australian .1. 

Experi'nc'nial A,gric. 44(1): 43-52. 

Roy, R. K. and Tripathi, R. S. (1985). Effect of irrigation scheduling and fertility levels 

on the yield, yield attributes, water use efficiency and nutrient concentration of 

mustard. Ann. Agric. .l?es. 6(l):  I-LI. 

Samadder, G.. Sounda, G., Maitra, S., Roy, D. K. and Panda, I'. K. (1997). Effect of 

irrigation and suphur levels on productivity and water use of Indian mustard. Em'. 

Ecu!. 15(3): 553-555. 

63 



Samul. R.. C., Dim, P. S., Bhattacharya, P., Singh, R. K. and Singh, P. (1986). Effect of 

irrigration, nitrogen and iron on the growth, yield and consumptive use of Indan 

niusterd. ImilaniAgron. 31(1): 58-62. 

Saran, G. and Girl, C (1987). Influence of date of sowing on Brassica species under 

seinarid rainfed condition of North-West India. ./.Agric. Sd. Canthridge. 108:561-

566. 

G. and Gin, G. (1988). Lnfluence of irrigation and time of nitrogen application on 

mustard (iira.svica jn,zcea Coss.). Indian J. Agron. 33(2): 154-158. 

Sarkar, D. C. (1994). The effect of nitrogen, sulphur and irrigration on the yield and 

yield attributes of mustard cv. Sonali sanisha. M.S. Thesis. Dept of Agronomy 

Bangladesh Agril.Univ.. Mymensingh, Bangladesh. 

Sarkar, Ci., Salam, MA, Islam, M.S. Sultana, R. and Roy, R. (2000). Effect of variety and 

moisture regimes on the yield and yield component of mustard in saline soil. A 

study paper. GOLDA Project, CARE-Bangladesh. pp.1  -6, 

Sarkar, 0., Salam, M. A., Islam, M. A., Islam, M.R and Sultana, R. (2001). Adaptibility 

of BINA mustard, l3oro rice and mungbean mutant varities in different saline 

habitats. Study report. GOLDA Project, CARE Bangladesh. pp.1-7. 

Sarkar, M. N. R., Ahsan, MR., Sarker, A.U. and I-Iosaain, S. M. A. (1989). Eeffect of 

nitrogen and irrigation at diflerent growth stages on mustard. IJa,;g/adesli J. 

Agric. Sd. 16: 283-288. 

Sarker, A. A. and Hassan, A. A. (1988). Irrigation scheduling to mustard using pan 

evaporation. Thai .1. Agric. &I. 21(4): 311-321. 

64 



Shamsuddin, A. K. M. and Rahinan, L. (1977). Studies on the performance of some 

exotic and indiwnous varieties of mustard under Bangladesh conditions. 

/Jcv;g/ads'Ii J Agrsc. Res. 3: I -8. 

Sharma, D. K. and Kumar, A. (1990). Effect of nitrogen on yield, uptake, recovery and 

nitrogen use efficiency of mustard under different irrigation scheduling J. Indian 

Soc Xci. 38(2): 229-23 2. 

Sharma, D. K. and Kurnar. A. (1989a). Effect of irrigation on growth analysis, yield and 

water use in Indian mustard (lirassica juncea). Indian J. Agric. Sd. 59(3): 162-

165. 

Sharma, D. K. and Kuniar. A. (I 989b). Effect of irrigation and nitrogen on growth, yield, 

consumptive use and water use efficiency of Indian mustard (Brass/ca juncea sub 

sp.inncca). Inc/ian .1. Agric. Xci. 59(2): 127-129. 

Sharma, G. and Gin, G. (1988). Influence of irrigation and time of nitrogen application 

on mustard (Bmvsi cc: junce(t). ijicliun J. 4gm;;. 33(2): 1 54-1 58. 

Sharma, G. and Kuniar, A. (1988). Effect of irrigation scheduling and nitrogen on yield 

and N uptake of mustard. Indian I. Agron. 33(4): 436-441. 

Sharma, R, K. (1991). Effect of limited irrigation and fertilizer on mustard yield. J. 

Oils ccclx Res. 8(2): 234-236. 

Sharma. I). K. and Singh, K. N. (1993), Effect of irrigation on growth, yield and 

evapotranspiration of mustard (Brassica juncea ) in partially reclaimed sodic 

soils. Agric. WwcrManag. 23(3): 225-232. 

Siag, R. K. and Verma, B. L. (1990). Effect of irrigation schedules on growth and yield 

of mustard. fm/ian .1. Ag/vu. 35(4): 395-399. 

65 



Siag, R. K. Kumar, S., Vernm, B. L. and Singh, V. (1993). Effect of irrigation schedule 

on yield , water use and oil content of toria (Brasica izapiis var izapus). Indian .L 

Agmn. 38(1): 4244. 

Singh, B., Singh, B. P. and Faroda, A.S. (1994). Physiplogical parameters of Brassica 

species as affected by irrigation and nitrogen management of Aridisols. Indian I. 

ilgmtz. 39(3): 426-43 I 

,Singh, B. N., Srivasrava, S. P. (1986). Effect of irrigation and nitrogen fertilization on 

growth and yield of mustard in mid hills Mcghalaya. Imlian J. Agron. 13(2): 135-

138. 

Singh, B. P., Yadava, T. B. and I3hoIa, A. L. (1972). Effect of irrigation and fertility 

levels on seed yield and quality of raya (lJnasica /uuicea). Pie/cl C'ropAbst. 25(3): 

584. 

Singh, M. P., l'aandey, U. IN., La!, R. K. and Chaturvedi, G. S. (2002). Response of 

Brass/ca species to different irrigation regimes. Indian J. P/wit /'/zysio/. 7(l):  66-

69, 

Singh, S., Singh, N. P. and Bandyopadhyay. S.K. (1997). Effect of limited irrigation on 

seed production, oil yield and water use by Indian mustard. Ann. Agric. Res. 

18(3): 265-269. 

Singh, S. D. and Yusuf M. (1979). Effect of water, nitrogen and row spacing on yield 

and oil content of brown sarson. (7a,zadia,z. .1. P/wit Sd. 59(2): 457-444. 

Singh, V. (1983). Response of mustard to irrigation and fertilization. Mac/ray Agric. J. 

70(1): 15-18. 

66 



Srivastava, G. K., Tomar, S. S. and Tomar, G. S. (1988). Effect of irrigation and nitrogen 

schedules on harvest index of mustard. Res. Dcv. Rept., Madhya Pradesli, india, 

5: 1-2. 

Stryer, L. (1980). Fatty acid metabolism in Biochemistry (2°"S.). Stamford Univ. 

Freeman Co., New Yorlc San Francisco. p.  385. 

Fhurling, N. (1974). Morphophysiological determinants of yield in rapeseed (Ihzacica 

caln/)c's!rss aI,(! JJ.1U2/)Zi ). 11. Yield components. Australian. J. A,ç'ric. Res. 25: 711-

721. 

Tiwari, R. C. and Chaplot, P. (1993). Response of mustard to irrigation schedules. In/Li 

i?'o. Agric. 11(3): 178-181. 

Tomer, S. and Singh, S. (1990). Influence of varying levels of irrigation and fertilizers on 

yield, nutrient uptake, water use efficiency and quality of mustard (Bra.svica 

juncea cv. J'anna). Ann. Agric. Res. 11(3-4): 241 -248. 

Tomer, S., Tomer, S. and Siugh, S. (1992). Effect of irrigation and fertility levels on 

growTh, yield and quality of mustard (Braiwica ./imcea). Indian J. Agron. 37(1): 

76-78. 

Uddin, M.M., Samad, A., Khan, MR., Begum, S., Hossain, K. and Khaleda, S. (1987). 

Variety x  sowing date interation in mustard and rapeseed. liangladasli .1. Agric. 

Rcs. 12(2):55-60. 

Wright, G. C., Smith, C. J. and Woodroofe, M. R. (1988). The effect of irrigation and 

nitrogen fertilizer on rapeseed (lirassica rapa) production on South-Eastern 

Australia. I. Growth and seed yield. Iniganon Sci. 9: 1-13. 

67 	 .— 



Zaman, M.W., All, Z., Awal, H.M.A. and Talukder, M. Z. 1. (1991). Influences of 

different stages of harvesting on the yield, oil content and shattering loss in 

Ole/fe rous lirassica. Bangladesh .1. Sd. Inc/us. Rca. 29(4): 25-32. 

[*1 



Appendices 



APPENDICES 

Appendix- I. Major Rape and Mustard Growing Area (ha) in Bangladesh (1992-97) 

Major Rape and Mustard Crowing Area (ha) in 
Bangladesh (1992-1997) 

Ci,utivaoCI A,e;i (-50000h.tI 
Ctitti',g.tcd Aro.,  
CtjIti"ciL'iI fltcn (300011.i) 

C 	Cii Ite,.'a%nrt Aron (130011n) 

--I- 

_____

-- 

-Ti---  

- 

?---. 

Source: Status of Oil crop Production in Bangladesh. Oilseed Research Centre. Bangladesh Agricultural 
Research Institute. Gazipur- 1701. 
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Appendix H. Monthly Temperature, Rainfall, and Relative humidity of the 
experiment site during the period from November 2006 to Marcia 
2007. 

Year Month -- - 	Air Temperature ('c) Relative Rainfall Sun 
humidi' (nirn) shine Maximum Minimum Mean 

________ 
November 

__________ ________________ ___________ (%)  (hr) 
2006 29.7 20.1 24.9 65 5 178.72 

December 26.9 15.8 21.2 68 Nil 170.97 

2007 1 January 24.6 12.5 18.55 66 Nil 175.40 

February 27.1 16.8 21.95 64 Nil 158.68 

March 31.5 19.6 25.55 47 160 255.01 

Source: Bangladesh Metrological Department (climate division), Agargon. Dhaka- 1207 

Appendix- lii: Physical and Chemical characteristics of initial soil (0-15cm 
depth) before seed sowing 

A. Physical composition of the soil 

Soil (%) 
separates  

Method employed 

Sand 36.90 Hydrometer method (Day, 1995) 

Silt 26.40 -do- 

Clay 36.66 -do- 

Texture class Silty clay loan) -do- 
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B. chemical composition of the soil 

SI. Soil characteristics Analytical 
data 

method employed 

I organic carbon (%) 0.82 Walkly and Black, 1947 

2 Total N (kg/ha) ji790.00 Bremner&Mulvancy, 1995 

3 Total S(ppm) 
1225.00 

Bardsley and Lancster, 1965 

4 Total P (ppm) 840.00 Olsen and Sommers, 1982 

5 Available N (kg Tha) 54.00 Bremner, 1965 

6 1 Available P(kgiha) 69.00 Olsen and Dean 1965 

7 Exchangeable K 
(kg/ha) 

89.50 pratt, 1965 
________  

8 Available S (ppm) 16.00 Hunter, 1984 

9 Ph (1:2.5 soil to 
water) 

5.55 Jeckson, 1958 
_____________  

to CEC 111.23 Chapman, 1965 

Source: Soil Research Development Institute(SRDI) 

Appendix-1\'. Means square values for plant height of rapeseed at different 

days after sowing (DAS). 

Degrees 
Sources 	r 	of 

of 	freedom 

Means square 

IS DAS 

variati n  

30DAS 45DAS 60DAS 7511A8 

Replication 	2 

Irrigation 	4 

8.531 15.974 2.983 4.005 88.559 

1.923 570.32 659.999 1004.38 541.862 

Variety 	2 93.344 1425.09 671.358 724.283 668.004 

Irrigation x 
Va nety 

8 	- 2.490 35.935 20.742 39.752 8.510 

Error 28 0.736 17.890 
1__4.995 

2.564 28.971s 

71 



Appendix-V. Means square values for plant dry weight of rapeseed at different 
(lays after sowing (DAS). 

Sources 	I Degrees 
of 	of 

Means square 

I55AS 
varialion 	freedom  

300AS 45DAS WAS 75DAS 

Replication 	2 0.000 10.002 0.493 1.720 0.812 

iIrrigation 	4 0.001 0.018 22.748 51.178 28.595 

Variety 	2 0.009 0.298 13.884 1 	19.133 
_42.560  

1 

Irrigation x 	8 
Variety 

0.000 0.026 0.489 0.889 1.808 

Error 28 0.002 0.013 0.252 0.718 0.898 

Appendix-Vt. Means square values for yield attributes of rapesced. 

Sources Degree Branches Siliquac 	Seeds 1000 

plani' plani' 	siliqua&' seed weight 
of 

variation 
of 

freedom 
(No.) (No.) 	(No.) (g) 

0.180 4.820 	1 0.348 0.072 
Replication 	2 

Irrigation 	4 
16.937 827416 19.430 0.942 

Variety 	 2 8.158 1099.536 7.446 0.238 

8 
0.474 204.080 1  4.151 0.077 

Irrigation x 
Variety 

0.164 18.824 2.616 0.037 
Error 28 
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Appendix-Vu. Means square values for yield, harvest index of rapeseed. 

Source I Degrees Seed Stover Biological Harvest 
of i 	of yield yield yield lndex(%) 

variation freedom (t hi') (t had ) (t hi') 

Replication 2 9070.123 12295.283 50359.171 1.839 

Irrigation 4 877110.056 849043.635 3305138.726 97.261 

Variety 2 793675.685 1132718.30 3829976.886 34.855 

33805.128 9305.545 59721.121 5.308 
Irrigation x 8 
Variety 

Error 28 
4322.326 46404.432 58780.526 4.394 
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