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INFLUENCE OF POPULATION DENSITY AND VARIETY ON
GROWTH AND YIELD OF RAPESEED-MUSTARD

ABSTRACT

The experiment was conducted at the field of ther&hBangla Agricultural
University farm, Dhaka to evaluate the performaontegopulation density and
variety on growth and yield of Rapeseed-Mustarce &kperiment consists of two
factors (1) Variety and (2) Population density. Foarieties viz. (i) { = BARI
Sarisha-13, (ii) Y = BARI Sarisha-15, (iii) ¥ = BARI Sarisha-16 and (iv) M=
SAU Sarisha-3 were used and four population dessittere used viz. (i),P=
100000 plants hg i.e. 10 plants A (i) P, = 400000 plants Fa i.e.40 plants M
(iii) P3 = 700000 plants H4i.e. 70plants n¥ and (iv) B = 1000000 plants Hai.e.
100 plants rf .Significant variation was found in all parametexts different
growth stages of rapeseed- mustard. Different traseshowed significant
variation at different stages. Data also showedl ¥h®; (BARI Sarisha-16 x 10
plants n) gave the tallest plant (170.90 cm) but the highesf length (29.79
cm), leaf breadth (9.16 cm), length of siliquad& cm), seeds siliqifa(26.03),
1000 seed weight (4.10 g), seed yield (1.60 Y femd harvest index (41.02%)
were found from VP; (BARI Sarisha-13 x 70 plants fhwhere the highest dry
weight plant' (22.70 g), branches plaht7.56) and siliquae plaht(145.70) were
found from 4P, (BARI Sarisha-13 x 10 plants ™ Again, the maximum stover
yield (2.93 t hd) and biological yield (4.06 t Ha were found from \WP; (BARI
Sarisha-16 x 70 plants ™ and VP, (BARI Sarisha-13 x 100 plants ™
respectively. Considering individual effect, BARAr&ha-13 (V) gave the highest
seed yield (1.35 t /9, biological yield (3.55 t hd and harvest index (37.65%)
where B (70 plants rif) gave the maximum seed vyield (1.32 t‘hastover yield
(2.33 t h&), biological yield (3.48 t H3 and harvest index (36.14%). So, above
all deliberation, the best result was achieved fitbm treatment combination of
BARI Sarisha-13 x 70 plantsfifV,Ps).
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INTRODUCTION
Rapeseed-mustard is one of the most important adhelywgrown oilseed crops of
Bangladesh. Rapeseed and Mustard are commonly knasvnmustard in
Bangladesh those belong to the family CruciferasaBically it has mainly three
speciesBrassica rapa L. Brassica napus L. and Brassica juncea L. These are
cultivated for edible oil. Among the specigsassica rapa andBrassica napus are
regarded as “rapeseed” whilBrassica juncea is regarded as “mustard”.
Worldwide the total annual production of Rapeseetigwith mustard is 63.04
million tons of seed from an area of 34.33 millibectares (FAO, 2013). In
Bangladesh, rapeseed and mustard are the mosttanp@mong all oil seed
crops. In the year 2011-12 it covered 4.83 lakhaé the production was 5.25
lakhs Mt and yield was 1.09 lakhs Mt i8AIS, 2013).
Rapeseed- mustard occupies only 0.336 million lnec{&@0%) among oil cropped
area (Wahhabt al., 2002). Oilseeds are important in the economy ofgiatesh.
At present about 0.234 million hectares of land ansler rapeseed-mustard
cultivation in Bangladesh with oil yield in thedar of 0.203 million tons per year
(BARI, 2011) .It is an important source of cookiodin Bangladesh and meets
around one third of the edible oil requirement &fe tcountry (Ahmed,
2008).Bangladesh has been facing acute shortagdiloe oil for the last several
decades. Our internal production can meet only aPd% of total consumption.
The rest 79 % is met by the import (Begetral., 2012). The import of oil and
oilseeds to meet up the deficit every year requitgge foreign exchange.
The major reasons for low yield of rapeseed-mustardur country are due to
lack of high vyielding variety, appropriate plant ppdation and want of
knowledge for sowing time with proper managemeatfices etc.
Oils of plant origin constitute important componefthuman diet, ranking third
after cereals and animal products and are nutatipnsuperior to animal oil

(Singh, 2000). In Bangladesh, about ten oil seedscare grown in the country of



which, Brassica oil crop is the most importantoil crop that supplimajor edible
oil of the country.

It is mainly grown in winter season in BangladeEhe average per hectare yield
of mustard is alarmingly low in Bangladesh compaiedther rapeseed growing
countries like Germany, France, UK and Canada miodus667 kg hd, 5070 kg
ha', 3264 kg hd, 3076 kg hd respectively while its average yield of is 15%p k
ha' (FAO, 2003).

The area under mustard is declining due to latedséing of high yielding T.
aman rice and increasing boro rice acreage. lemsiyéars average of both area
and production of rapeseed showed a have gigddatlining to 104 thousand
hectare and 68 thousand tons in the country (AB066). Domestic production
of edible oil comes from rapeseed-mustard, groundnd sesame.

Edible oils play a very vital role in human nutriti As a high energy component
of food, it is important for meeting the caloricqterement. Each gram oil/fat
supplies 9 kilo calorie energy while each gramarbohydrate/ protein furnishes 4
kilo calorie energy (Stryer, 1980). Vegetable fat mot only a high energy food
but also it is provides collesterol free poly unsated essential fatty acids like
linolenic and ilnoleic acid obtained only from plaources for human beings.It is
a carrier of fat soluble vitamins (A, D, E and K) the body. On the nutritional
point of view at least 15-20 % of total calori¢ake in daily diet come from the
fats and oils. It is also used from improving thsté of a number of foods and
make palatable. Mustard seeds contain 40-45 %noil2D-25 % protein. It also
serves as an important raw material for industusg¢ such as in soaps, paints,
varnishes, hair oils, lubricants, textile auxilesj pharmaceuticals etc.
Rapeseed-mustard is grown more or less all overglBdash, but more
particularly in the districts of Comilla, Tangalkessore, Faridpur, Pabna, Rajshahi,
Dinajpur, Kushtia, Kishoregonj, Rangpur, Dhaka (BR2812).

Yield and its development process depend on genetiwironmental and

agronomic factors as well as the interaction betwéem. There is a scope to
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increase the yield level of mustard by using HY\éd&nd by adopting proper
management practices such as spacing, populatinsitgeirrigation, fertilizer
application and other cultural operations.

In recent years, Bangladesh Agricultural Reseanstitute (BARI), Bangladesh
Agricultural University, Bangladesh Institute of &lear Agriculture (BINA) and
Sher-e-Bangla Agricultural University (SAU) haseated a number of new high
yielding varieties of rapeseed/mustard for farmetHivation. The yield of HYV
cultivars ranges from 1.4 to 2.5 t"hgBARI, 2002). By introducing the high
yielding varieties with better fertilizer managerhpackages the yield of mustard
can be increased manifold. But the yields in fatenkelds are still low compared
to the potentialities due to lack of proper manageinpractices. So there is a
scope to increase the yield level of modern varitigth proper management
practices like spacing, irrigation, seed rate,lfeer application etc. Cultivation of
low yielder local varieties with poor fertilizer magement are the major causes
for poor yield of mustard in the country (Alam aRéhman. 2006). High yield
potential of a crop variety is the prerequisiteifareasing its production.
Optimum population plays an important role in prodg higher vyield.
Establishment of optimum population density pert @amea is a prerequisite for
having increased grain yield. Population densitystinfluences yield and yield
contributing characters in rapeseed productiom@ohet al., 2003). Rapeseed
and mustard yield can be affected by competitivesstamong individual plants.
Competition occurs when two or more plants needrdqular factor necessary for
growth from same place and when the immediatelgwugighis factor falls below
or fails to provide the combined demands of thatsléo fulfil the requirement.
Establishment of an optimum population densityris of the important factors for
securing good vyield of a crop. It is well estabéidhithat the crop environment with
regard to light intensity and concentration of carldioxide can play a vital role
in photosynthesis of the plant and thus increagerdtter accumulation as well as

vegetative growth of the plant. Hence, plant dgngér unit area influences the
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crop yield considerably. Optimum population denstysures proper growth of
both aerial and underground parts of the plantutpnoefficient utilization of solar
radiation, nutrients, land as well as air spacebsveater.
Keeping in view the inter-plant competition for mptim plant nutrients, sun light,
moisture and aeration, it may be required to find a fair combination of
population density to achieve optimum vyield undesrtain agro-climatic
conditions.
So, the experiment was under taken to find outpédormance of rapeseed —
mustard varieties and population density with tieting objectives:
1. Examine the effect of variety on the growth, yieldd yield contributing
characters of rapeseed — mustard.
2. ldentify the effect of population density on theogth,yield and yield
contributing characters of rapeseed — mustard.
3. Find out interactions between variety and popufataensity on the

growth,yield and yield contributing characters apeseed — mustard.
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REVIEW OF LITERATURE
Rapeseed — mustard is an important oil seed cropangladesh which can
contribute to large extent in the national econoBut the research works done on
this crop with respect to agronomic practices asglequate. Only some limited
studies have so far been done in respect of agrnenoanagement practices of the
crop particularly the variety and population densiiowever, a number of such
studies have been carried out in other parts ofwbdd. Some of the studies
relevant to the present piece of work have beeiewad following the parameters
of plant growth and yield.
2.1 Effect of variety
2.1.1 Plant height
Fathyet al. (2009) conducted a study at the Agricultural Resle Station, Hada
El-Sham, King Abdul Aziz University. Four canolariaies, Callypso, Pactole,
Sero-4 and Sero-6 varieties were tested underribiogen fertilizer rates (0.00,
92,138 and 184 kg N Ha In terms of varietal differences, the plant heidhta
revealed that Sero-4 was the Plant height of taldlowed by Sero-6, and then
Callypso and Pactole varieties.
Plant height of rapeseed and mustard differs antbagvarieties depending on
their genetic makeup. There are three specieaucfferousBrassica viz. Brassica
campestris, Brassica juncea andBrassica napus from one another with respect to
plant growth, development and yield (Alam, 2004)eTinal plant height reflects
the growth behavior of a crop. Besides genetic adtaristics, environmental
factors also play a vital role in determining theight of the plants (Sarst al.,
2003).
In addition, it was reported that differdmiassica varieties differed significantly
regarding their plant heights (Reddy and Reddy81.99
Ahmedet al. (1999) stated that the tallest plant (102.56 wa$ recorded in the
variety Daulat. No significant difference was olvsar in plant height of BARI
sarisha-6 and Nap-85009.



Mondalet al. (1992) found that variety had significant effeatplant height. They
found the highest plant height (134.4 cm) in theietg J-5004, which was
identical with SS-75 and significantly taller thd®-72 and Tori-7.

2.1.2 Branches plarit

Sana,et al. (2003) concluded that the variation in the numbkbranches per
plant is the result of combined effect of genetiakerup of the crop and
environmental conditions, which play a remarkalie rtowards the final seed
yield of the crop.

Hussainet al. (1996) stated that the varieties were statidsicdifferent with
respect to number of primary branches. The maximumber was recorded in
Semu-249/84.

Khaleque (1989) reported that 3.9 and 3.1 primaanthes plaft produced in
TS-72 and Sonali sarisha respectively. Moratal. (1992) noticed that most of
the lower branches were unproductive in Sonalskari

Variable number of branches per plant among diffevarieties, which have been
related to be under genetic management controlalsasbeen reported by Khehra
and Singh (1988).

2.1.3 Siliquae plant

Fathyet al. (2009) conducted a study at the Agricultural Rede Station, Hada
El-Sham, King Abdulaziz University. Four canola ieties, Callypso, Pactole,
Sero-4 and Sero-6 varieties were tested underrfibtogen fertilizer rates (0.00,
92,138 and 184 kg N H3 and stated that , Pactale and Sero-6 varietisduped
the highest number of siliquae plarsignificantly dominated over the Sero-4 and
Callypso variety.

Rana and Pachauri (2001) conducted an experimemMeat Delhi at Indian
Agricultural Research Institute in sandy loam saild quoted that the highest
number of siliquae per plant recorded in cultiv&RT (OE) R 15 (285) compared
to cultivar Bio 902 (238).



Raj Singhet al. (2001) conducted an experiment in Jodhpur anergbd that
number of siliquae platitrecorded higher in cultivar Pusa Bold (257) coregao
cultivar TS9 (198).

Significant differences in the number of siliqudeni® among different cultivars
of brassica and significant differences in seeddy@mong different varieties of
brassica species were reported (Reddy and Red€é§).19

Jahan and Zakaria (1997) reported that the highesber of siliquae plaritwas
recorded in BLN-900(130.9) which was identical witltat Observed in BARI
sarisha-6 (126.3). Tori-7 had the lowest (46.3) benof siliquae plarit

Reddy and Avilkumar (1997) conducted a field expent in Jagtial and
concluded that mustard cultivar Divya recorded i§icgmtly higher number of
siliquae plant (132) over GM-2 (97).

In Kanpur, Yadawt al. (1994) also quoted that number of siliquae plamere
higher in cultivar Vaibhav (363) compared to cutiwaruna (257).

Mondal et al. (1992) stated that maximum number of siliquaefiiavas in the
variety J-5004, which was identical with siliquami* of Tori-7. The lowest
number of siliquae plarit(45.9) was found in the variety SS-75.

2.1.4 Length of siliqua

Rana and Pachauri (2001) conducted an experimemMeat Delhi at Indian
Agricultural Research Institute in sandy loam smld observed that length of
siliquae recorded higher in cultivar TERI (OE) R(#%6 cm) compared to cultivar
Bio 902 (3.47 cm) and cultivar TERI (OE) R 15.

Hussainet al. (1996) stated that the varieties were statidticdifferent with
respect to length of siliqua. The longer siliquasr$/cm) was found in the hybrid
BLN-900 which was identical to Hyola-101, Sampad/ sarisha-6 and Hyloa -
51. The shortest siliqua length (4.62 cm) was foumthe hybrid Semu-249/84
which was identical to those of Semu-DNK-89/218, i@ and Tori-7. The
longest siliqua (8.07 cm) was found in BLN -900 &hgbla -401.



Regression analysis revealed that siliqua weigitiscantly influenced the seed
yield whereas; siliqua length and siliqua diametexd a marginal effect
(Gangasararet al. 1981). They further noticed that siliqua lengtid anumber
served as the most reliable index of selectionyfetd improvement in brown
sarson B. campestris var.sarson).

2.1.5 Seeds siliqua

The number of seeds siliaontributes materially towards the final grain giel
in rapeseed. So, the number of seeds sifigeaan important yield attributes of
rapeseed and mustard and population density istad factor in producing
optimum number of seeds siligla

Raj Singhet al. (2002) recorded that cultivar Laxmi recorded gigantly higher
number of seeds siliqitg13) over BSH1 (11).

Raj Singhet al. (2001) conducted an experiment in Jodhpur anergbd that
cultivar Pusa Bold recorded higher number of sedigia® (14.02) as compared
to cultivar Local (11.15).

Jahan and Zakaria (1997) found that BARI Sarisipas@uced the highest number
of seeds siliqua (26.13) which was at par with Sonali (23.5) antht (22.8).
The lowest number of seeds siliguél8.0) was found in Tori-7 (205), AGA-95-
21(20.7) and BARI sarisha-8 (21.6).

Yadavet al. (1994) Kanpur conducted an experiment and re@dhat, number of
seeds siliqua recorded significantly higher in cultivar Rohirli4(.6 seeds siliqua
1) compared to cultivar Vardan (13.5 seeds silijua

2.1.6 1000 seed weight

It is also an important character which reflects geed size. It varies from
genotype to genotype and is influenced by some ymtimh factors. A good
number of research works have been conducted sichhiracter.

Fathyet al. (2009) conducted a study at the Agricultural Resle Station, Hada
El-Sham, King Abdul Aziz University. Four canolariaies, Callypso, Pactole,

Sero-4 and Sero-6 varieties were tested underrfibiogen fertilizer rates (0.00,
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92,138 and 184 kg N Ha In terms of variety differences, Pactale ancbSehad
the highest 1000-seed weights without significafiedences between them, while
Callypso variety was the lowest.

Significant differences for 1000-seed weight amaliiferent brassica varieties
were also reported by Sarahal., 2003.

Raj Singhet al. (2002) recorded significantly higher 1000-seedgivein cultivar
RH 30 (6.2 g) over Varuna (5.6 g).

Rana and Pachauri (2001) conducted an experimemMeat Delhi at Indian
Agricultural Research Institute in sandy loam smitl quoted that cultivar Bio 902
recorded higher 1000-seed weight (3.16 g) compard&ERI| (OE) R 15 (2.18 g).
Mondal and Wahab (2001) described that weight dd0i€eeds varied from
variety to variety and species. They found 100@seeight 2.50-2.65 g in case of
improved Tori-7 B. campestris) and 1.50.80 g in case of Raifs. {uncea).

Karim et al. (2000) stated that varieties showed significartation in the weight
of thousand seeds. They found higher weight of 1< in J-3023 (3.43Q), J-
3018 (3.42g) J- 4008(3.50).

BARI (2001) reported that there was significantiaon in 1000-seed weight of
rapeseed and mustard in different variety and igadst weight of 1000-seeds
was observed in variety Jamalpur-1 and the loweB®ARI sarisha-10.

Hussainet al. (1998) observed significant variation on 1000eseeeight as
influenced by different varieties. They found Hyok01 had the highest 1000-
seed weight (3.4 g) and the lowest 1000-seed weawgtrecorded in Tori-7 (2.1
g).

In Kanpur, Yadawet al. (1994) also quoted that 1000-seed weight reconiguer
in cultivar Rohini (4.9 g) compared to cultivar ¥aav (4.6 g).

2.1.7 Seed yield

It is an important polygenic character which is Hhg influenced by other
characters and production factors. A good numberepbrts reveled that there

were variability among different genotypes of ragesand mustard.
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Basaket al. (2007) conducted a field experiment on Non-Ca&oas Dark Grey
Floodplain Soil to find out the performance of #armustard varieties viz., i)
BARI Sarisha-9, ii) BARI Sarisha-12 and iii) Tori{Local) and three fertilizer
doses as: F1= 120-34-64-32-1.5 kg'INPKSB (HYG), F2= 86-26-44-26-1.0 kg
ha® NPKSB (MYG) and F3 = 54-60-15 kg h&lPK. The variety BARI sarisha-9
produced the highest seed yield (892 ki)hdhe fertilizer level of HYG gave
higher seed yield (956 kg fia BARI Sharisha-9 gave higher gross return (Tk.
21882 hd) and gross margin (Tk.14936 ‘Haunder HYG fertilizer level but
higher BCR (3.54) was recorded under MYG fertilizevel due to less
fertilization cost.

Rahman (2002) observed higher seed yield in BAREIsa-7, BARI Sharisha-8
and BARI sarisha-11 (2.00-2.50 t Haand the lowest yield in variety Tori-7
(0.95-1.10 t ha).

Raj Singhet al. (2002) recorded significantly higher seed yiglccultivar RH 30
(2390 kg hd) over Varuna (2240 kg H

Raj Singhet al. (2001) conducted an experiment in Jodhpur anergbd that
seed vyield recorded higher in cultivar Pusa Bol80QL kg h&) compared to
cultivar Local (1470 kg hY.

Significant differences in the seed yield amondedént varieties of brassica
species were reported (Reddy and Reddy, 1998).

In Hissar, Sharmat al. (1997) conducted an experiment in sandy loam audl
recorded significantly higher seed yield in culti®H-30 (1835 kg hd over RH
819 (1699 kg hd).

Yadavet al. (1994) Kanpur conducted a experiment and repdtatiseed yield
recorded higher in cultivar Vaibhav (1330 kg‘h@ompared to cultivar Varuna
and Rohini (980 and 1020 kg Harespectively.

2.1.8 Stover yield

BARI (2001) reported that in case of poor managért local gave the highest
Stover vyield (3779 kg K8 and the lowest Stover yield (1295 kqg'havas found
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from Nap-248. In case of medium management higivesght (6223.3 kg H)
was same variety and the lowest (3702.3kg)hfiom PT-303 under high
management conditions. The Stover yield, 6400 kg Wwas obtained from the
variety Rai-5 and the lowest stover yield, 4413g3hia* was obtained from Tori-
7.

Reddy and Avilkumar (1997) conducted a field expemnt in Jagtial and quoted
that cultivar Varuna recorded significantly higtstover yield (2096 kg h8 over
GM-1 (1806 kg hd).

In Kanpur, Yadawt al. (1994) also quoted that Stover yield recorded lngker

in cultivar Vaibhav (4430 kg i3 compared to cultivar Vardan (4000 kg'ha

2.1.9 Biological yield

In Hissar, Raj Singhet al. (2002) observed that biological yield recorded
significantly higher in Laxmi cultivar (1370 kg frover BJH-1 (1190 kg R3.
Rana and Pachauri (2001) reported that the cultBiar 902 recorded higher
biological yield of 7250 kg hAcompared to cultivar TERI (OE) M 21 (6850 kg
ha?).

Several investigators (Khoshanazamlket 2000) compared different mustard and
rapeseed cultivars and reported that all cultidiffered significantly in biological
yield and seed oil yields.

2.1.10 Harvest index

Raj Singhet al. (2002) conducted experiment in Hissar in sandymncoil and
observed that harvest index was significantly highecultivar RH 10 (0.19) over
Laxmi (0.17).

Rana and Pachauri (2001) conducted an experimemMeat Delhi at Indian
Agricultural Research Institute in sandy loam séhe cultivar TERI (OE) R 15
showed significantly higher harvest index of 24.8%mpared to cultivar TERI
(OE) M 21 (18.5%).

Islamet al. (1994) showed that variety had significant effectharvest index (%)

of rapeseed and mustard. They found that the hidtesest index in the variety
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RS 72 which was identical to Dulat and the lowasBonali Sharisha (21.90%)
followed by Sambal (26.7%).

2.2 Effect of population density

2.2.1 Plant height

Meitei et al. (2001) conducted two years experiment to deteznthe effect of
(23000 plants H§ 40000 plants g 50000 plants t&,62000 , 83000 plants Ha
100000 plants K& , 166000 plants ha) spacing on the vyield and yield
components ofB. juncea var. Rugosa cultivarsHanggam Amubi, Hanggam
Angoubi andHanggam Anganbi). They observed thdianggam Angoubi gave the
highest plant height (52.25 and 48.29 cm) and 2308&0ts ha population density
resulted on the tallest plants (55.00 and 48.38 cm)

Rana and Pachauri (2001) conducted a field expetinme New Delhi and
reported that plant height record was higher in0B@0plants hapopulation (166
cm) as compared to 149000 plants ha

Chauharet al. (1993) reported no significant effect of row sSpgcon the plant
height of toria. They evaluated three row spacimg 20, 30, and 40 cm. The
maximum plant height was found at 20 cm row spa@hgch was similar to the
plant height found at 30 cm row spacing and lowsstiO cm row spacing. It
showed that plant height decreased with the ineresow spacing.

Sharma and Thakur (1993) reported positive relatignbetween plant height and
increasing row spacing of rapeseed. During 198891#8mong three row spacing
of 30, 37.5 and 45 cm for the sowing of rapesdesl found the tallest plant with
45 cm row spacing which was higher than 37.5 coh 2 cm row spacing. But
the effect was not statistically influenced.

2.2.2 Branches plarit

Rana and Pachauri (2001) also observed that théemuof secondary branches
plant™*recorded higher in 340000 plants hdensity (7.6 branches plafht

Thakur (1999) conducted a field experiment at HinadcPradesh Krishi

Vishwavidyalaya, Kangra and observed that numbeprohary and secondary

14



branches plant was higher in 30 cm row spacing as compared tor@0raw
spacing.

Gurjar and Chauhan (1997) conducted a field exprirm Gwalior and reported
that primary and secondary branches ptamécorded significantly higher with 30
x 15 cm row spacing (6.72 and 21.57 branches plpas compared to 45 x 15
cm (5.80 and 16.76 branches plant

Shriefet al. (1990) maintained population density of 30, 66 80 plants i for
raising rapeseed and claimed positive responsk yiell contributing characters.
They found that number of branches pfamas significantly superior in the plant
density of 30 plants fhcompared to those from 60 and 90 plants m

Tomar and Namedo (1989) conducted a studyBi@ssica campestris var. Toria
and found that when population density was maiethiat 22.2 plants fthat
increased the number of branches plamthen seed rate of rapeseed was
maintained 5 kg ha B. campestris var. Toria, when population density was
maintained 22.2 plants mthere was increment in the number of primary and
secondary branches.

Gupta (1988) conducted a field experiment to deternthe effects of spacing on
rapeseed on using (330000 plants' ha00000 plants ks 200000 plants ha
250000 plants g 166000 plants fg 266000 plants ha) the mean population

density and he found that wider spacing increaseciimber of branches pldnt

2.2.3 Siliquae plant'

Hasanuzzaman (2008) carried out an experiment at-&Bangla Agricultural
University (SAU) Farm, Dhaka-1207, Bangladesh. Aunalation of dry matter in
siliqua, number of siliquae plaht length of siliqua and seeds per siliqua of
rapeseedBrassica campestris L.) plants were studied under three irrigatiorelev
(no irrigation, one irrigation at 30 DAS and twagations at 30 and 60 DAS) and
three row spacing (20 cm, 30 cm and 40 cm). Nundesiliquae plant was

affected by different irrigation levels and row spay and the highest number of
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siligue was produced by two irrigations (at 30 Da®&1 60 DAS) with 40 cm row
spacing.

Rana and Pachauri (2001) conducted a field expetinte New Delhi and
reported that the number of siliquae plag272) recorded higher with 340000
plants hd as compared 0148000 plants'p@pulation density.

Butter and Aulakh (1999) conducted a study on Imavaustard cv. RLM 619 and
maintained 3 rows spacing (15, 22.5 and 30 cm)y Tiserved that row spacing
had significant effect on number of siliquae pthand found increased number of
siliquae plart with wider row spacing (40 cm).

Thakur (1999) conducted a field experiment at HinahcPradesh Krishi
Vishwavidyalaya, Kangra and observed that numbersitifjuae plarit were
higher in 30 cm row spacing.

Row spacing had remarkable effect in producing nmnaber of fertile siliquae
plant'. Wider spacing facilitated favorable environmeot foroducing more
siliguae than closer spacing (Siddiqui, 1999).

Gurjar and Chauhan (1997) conducted a field exparirm Gwalior and observed
that number of siliquae plahtecorded higher with 30 cm x 15 cm row spacing
(444) as compared to 45 cm x 15 cm row spacing)(356

Thakuria and Gogoi (1996) conducted a field expentto evaluateBrassica
junceacv. TM 2, TM 4 and Varuna at 2 row spacing (30 4bctm). The effect of
cultivars and row spacing on seed yield and yi#tidoaites was significant except
siliquae plarit which increased at 45 cm row spacing.

Sharma (1992) conducted a field experiment at @ellef Agriculture, Gwalior
(Madhya Pradesh) and concluded that a row spadir@) am recorded higher
number of siliquae plar(233.4) as compared to 45 cm row spacing (228.4).
2.2.4 Length of siliqua

Hasanuzzaman (2008) carried out an experiment at-&Bangla Agricultural
University (SAU) Farm where plants were studiedarmitiree irrigation levels (no

irrigation, one irrigation at 30 DAS and two irrigans at 30 and 60 DAS) and
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three row spacing (20 cm, 30 cm and 40 cm). Leng#iliquae as well as number
of seeds per siliqua was significantly affectedtbg combination of irrigation
levels and row spacing.

Rana and Pachauri (2001) also observed that tlgghlesf siliqua recorded was
higher with 148000 plants K&(4.02 cm) as compared to 500000 plants (8a73
cm).

Singh and Verma (1993) quoted that higher lengttsilidua with 60 cm row

spacing (4.26 cm) was observed as compared to 30wrspacing (4.14 cm).

Singh and Singh (1987) in an experiment with 3 spacing (30, 45 and 60cm) in
mustard found that length of siliqua however, ramadi unaffected by plant

densities.

2.2.5 Seeds siliqua

The number of seeds siligu@ontributes materially towards the final grainlgie
in rapeseed. So, the number of seeds sifigeaan important yield attributes of
rapeseed and mustard and population density ista factor in producing
optimum number of seeds siligha

Hasanuzzaman (2008) carried out an experiment at-&Bangla Agricultural
University (SAU) Farm, Dhaka-1207, Bangladesh aated that number of seeds
siliqua® were significantly affected by the combinationiofgation levels and
row spacing.

Rana and Pachauri (2001) conducted a field expetinte New Delhi and
reported that the number of seeds silijuacorded significantly higher under
220000 plants &(16.8) as compared to 500000 plants (i5.0).

Ali et al. (1996) found a significant difference in the nenif seeds siliqua

with different population densities while workingtiwrapeseed. They reported for
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the negative relation between the number of setgsas" and population density.
Rapeseed plant gave highest number of seeds Silighen population density
was 100,000 plants Havhile lowest number of seeds siliquaas found from the
population density of 1,000,000 plants'ha

In Kanpur, Yadawt al. (1994) revealed that a row spacing of 45 cm xc20
recorded significantly higher number of seeds s#iy(15) as compared to 45 cm
x 10 cm (13.0).

Singh and Verma (1993) quoted that a row spacingOotm recorded greater
number of seeds siligitg11.55) compared to 30 cm row spacing (10.80).
Sharma (1992) conducted a field experiment at @ellef Agriculture, Gwalior
(Madhya Pradesh) and concluded that row spacingSofcm recorded more
number of seeds siligifa(14.18) as compared to 30 cm row spacing (13.10).
Mishra and Rana (1992) also reported that a rowisgaf 60 cm recorded higher
number of seeds siliqgifa(13.2) as compared to 30 cm or 45 cm row spacing
(13.2).

2.2.6 1000 seed weight

It is also an important character which reflecte #eed size. It varies from
genotype to genotype and is influenced by some ymtomh factors. A good
number research works have been conducted onlthiacter.

Chauharet al. (1993) reported a positive relation between rpaceng and 1000-
seed weight. They found a significant effect of rgpacing (20, 30 and 40 cm) on
1000-seed weight of Toria. Among the row spacingc4® row spacing gave
highest weight of 1000-seeds while 20 cm row sgageave lowest weight.
Sharma (1992) found a significant increasing rdt@é090-seed weight with the
increase of row spacing in different mustard vaget He conducted an
experiment with four row spacing viz. 30.0, 33.%,8and 45.0 cm. Among all
row spacing maximum seed weight was found frommSaw spacing which was
significantly higher from others. Lowest seed weighs found from 33.5 cm row

spacing.
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Tomar and Namedo (1989) conducted a studrassica campestris var. Toria
when population density was maintained 22.2 plamfsthere was increment in
1000 seed weight conditions. It was observed titataction effect of variety and
plant populations were found significant on podaedd yield.

Singh and Singh (1987) in an experiment with 3 spacing (30, 45 and 60cm) in
mustard found that no significant effect of row dpg on 1000-seed weight of
mustard However, the weight increased with theease of row spacing and the
highest seed weight was found from 60 cm row sgpammd 30 cm row spacing
gave the lowest weight of 1000-seeds.

2.2.7 Seed Yield

Angadiet al. (2003) reported that reducing plant populatiorhbif from 80 to 40
plants n? did not reduce seed yield but seed yield declaegopulation dropped
below 40 plants i\

Chaniyaraet al. (2002) conducted a experiment in Gujarat at @elleof
Agriculture and emphasized that seed yield wasdrighh 45 and 15cm inter and
intra row spacing respectively. Row spacing of 80groduced higher seed yield
than 40 and 50 cm spacing (Khan and Tak, 2002).

Seed yield was higher with 30 x 15 cm row spacisg@mnpared to 60 cm row
spacing (Shivanet al., 2002). In Kanpur, Singh and Prasad (2003) coedua
field experiment at C. S. Azad University of Aghicwe and Technology and
emphasized that a row spacing of 45 cm resultékdarhigher seed yield (2064 kg
ha®. The closer row spacing of 20 cm recorded the toseed yield of 1343 kg
ha' (Kumar and Singh, 2003).

Beheraet al. (2002) conducted a field experiment to study ¢ffiect of plant
population and sulfur levels on yield of mustaBdjuncea) and found interaction
effects of variety and plant population significaot pooled seed yield and
recorded the maximum seed yield at the intermediatgulation level of 14.8
plants n?.
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Rana and Pachauri (2001) conducted a field expetinte New Delhi, and
reported that the higher seed yield (1670 kg’ racorded higher with 333000
plants ha' as compared to 148000 plants'hd 280 kg h&).

At Bangalore, Sahoet al. (2000) conducted an experiment and reported seed
yield was higher at closer spacing (30 x 15 cm, lgg8a>.

Gurjar and Chauhan (1997) conducted a field exparirm Gwalior and reported
that the seed vyield recorded higher with 30 x 15roming (1676 kg ha') as
compared to 45 x 15 cm row spacing (1119 k§ ha

In Dhaka, Shahidullakt al. (1997) conducted a field experiment and repathed
higher seed yield was obtained by 30 x 15 cm raacisyg.

Sanjeev Kumaeet al. (1997) in Ludhiana, reported that seed yield \Wegher
under 30 cm row spacing i.e., 333000 plants$ kB647 kg ha') as compared to
45 cm row spacing 2, 22,000 plants'i#476 kg ha')

Pangarkar and Shelke (1995) conducted a field imi@arbhani, and suggested
that seed yield was higher with a spacing of 42%2m (1260 kg hd) followed
by 60 x 22.5 cm (1230 kg h4). Similarly, Shelkeet al. (1995) revealed that seed
yield was higher with 45 or 60 x 22.5 cm spacing.

A field experiment was conducted at Regional Agtiral Research Station,
Shillongani, Assam and it was reported that a rpacsg of 30 cm recorded
greater yield than 40 cm row spacing (Sarmah, 1996)

2.2.8 Stover yield

Sanjeev Kumaet al. (1997) in Ludhiana, reported that 4,44,000 plgds ha
resulted in higher stover yield (9870 kg'Haas compared to 45 cm row spacing
i.e., 2,22,000 plants Ha8810 kg ha).

Ali et al. (1996) reported that, stover yield hsignificantly differed with different
population density. They found maximum stover ywith the population density
of 400,000 plant Ha The lowest Stover yield was found from 100,008t h&.

The yield variation was due to lowest number ohidaunit area and vice versa. It
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indicated that the improvement in yield attribusgdower plant density was not
reflected by stover yield.

Chauharet al. (1993) reported that stover yield of mustard geesatly affected by

row spacing due to variation of the population peit area. Among three rows
spacing (20, 30 and 40 cm) 30 cm row spacing gayleekt yield of stover. The
second highest yield was obtained with row spaarigd0 cm which was

statistically different with 30 cm row spacing yel

2.2.9 Biological yield

Rana and Pachauri (2001) observed that biologiedtl yecorded higher under
500000 plants K&(7010 kg h&) compared to 148000 plants H&270 kg ha).
Thakuria and Gogoi (1996) conducted a field expeninto evaluateBrassica
juncea cv. TM 2, TM 4 and Varuna at 2 row spacing ( 3d @5 cm) .The effects
of cultivars and row spacing on seed yield andogical yield was significant
except siliquae plaftwhich increased under 45 cm row spacing.

2.2.10 Harvest index

Rana and Pachauri (2001) conducted a field expetimeNew Delhi and reported
that the harvest index recorded higher with 330@dénts hd (24.8%) as
compared to 148000 plants h&20.4%).

Plant density at different levels increased thevéstrindex of rapeseed (Adt al.,
1996). Population of 70 and 100 plant$ did not show significant difference in
harvest index but 40 plantshgave higher harvest index.

Shriefet al. (1990) maintained population density of 30, 6@ 80 plants i for
raising rapeseed and claimed positive responsk yiell contributing characters.
They found that higher harvest index where densidg maintained as 30 plants

m>.

2.3 Interaction effect of variety and population daesity
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Venkaraddi (2008) conducted a field experiment airnVAgricultural Research
Station, University of Agricultural Sciences, Dhadvto study the response of
mustard varieties to date of sowing and row spaciitere were 12 treatment
combinations consisting of three varieties (PussaAg Pusa Mahak and EJ-15),
two sowing dates (Il fortnight of September anaitriight of October) and two
row spacing (30 cm and 45 cm). The mustard varktga Agram recorded
significantly higher seed yield (1028 kgHand oil yield (447.11 kg F. Early
sowing during Il fortnight of September recordedngiicantly higher seed yield
(888 kg h&) and oil yield (387.74 kg . Row spacing of 30 cm recorded
significantly higher seed yield (874 kg hjand oil yield (383.56 kg [3. The
performance of mustard with respect to growth aneldyparameters was
significantly superior with variety Pusa Agram,foirtnight of September sowing
and 30 cm row spacing. Significantly higher netune¢ and B:C ratio were
recorded with variety Pusa Agram (16081 Rs! had 2.14), early sowing during
Il fortnight of September ((13079 Rs. haand 1.78) and 30 cm row spacing
(12600 Rs. Ha and 1.68). It can be concluded that mustard sésd {1326 kg
ha'), oil yield (570.03 kg ha), net returns (23107 Rs. hand B:C ratio (3.12)
were higher with variety Pusa Agram sown durinpttnight of September at 30
cm row spacing.

Johnson and Hanson (2003) conducted a study tondete the interactions for
commonly used spacing with canol®rgssica napus) performance using
contemporary open-pollinated, hybrid and transgeultvars. They observed that
population density and cultivar interaction werdyosignificant for plant height.
Shorter plants for thdrassica rapa cultivars was found when grown at the
narrower row spacing, buB. napus cultivars had similar plant height at both
population density and hybriB. napas cultivar yielded greater than the open
pollinated cultivars. Seed yield and oil contehe primary characters determining

crop value were not affected by population density.
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Beheraet al. (2002) stated that field experiment were condiliadering rabi
season to study the effect of plant population consive use productivity and
moisture of mustardBfassica juncea) varieties viz “Sanjukta Asceh” and Varuna
under rainfed conditions. It was observed thatradgon effect of variety and
plant populations were found significant on podeéd yield.

Beheraet al. (2002) conducted a field experiment to study éffilect of plant
population and sulfur levels on yield of mustaBd juncea) and found interaction
effects of variety and plant population significaot pooled seed yield and
recorded the maximum seed vyield at the intermediajgulation level of 14.8
plants nt.

Suryaet al. (1998) conducted a field experiment in the rabinf{er) season of
1996-97 in Hiser, wher®rassica juncea cv. Varuna, RH-30 and Laxmi were
sown 5 or at spacing of 30 x 15 cm or 40 x 30 cieldvand yield components
were not affected by spacing, Laxmi gave the higledd, followed by RH-30
then Veruna.

From the above review of different experimentaddevices related to this study it
was noticed that different varieties and populatiemsity had influence on yield

contributing characters of mustard.
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Chapter 3
| Materials and Methods




MATERIALS AND METHODS

The experiment was conducted at the Departmentgobriomy field of Sher-e-
Bangla Agricultural University. This experiment wasnducted with four
rapeseed varieties along with four populationsitess in the rabi season of
November 2011- February 2012 to evaluate the peence of population
density along with variety on growth and yieldRdpeseed-Mustard in respect of

growth and yield performance.

3.1 Experimental Site

The research was conducted at the Agronomy fielfher-e-Bangla Agricultural
University, Dhaka-1207. The experiment area isaseid at 2341'N latitude and

90°22E longitude at an altitude of 8.6 meter above s®all The experimental
site is shown in the AEZ Map of Bangladesh in Apgign.

3.2 Sall

The soil of the experimental site belongs to theoagological region of
“Madhupur Tract” (AEZ No.28). It was Deep Red Browrerrace soil and
belonged to “Nodda” cultivated series. The top dgsilclay loam in texture.
Organic matter content was very low (0.78%) and gdi was 5.6. The physical

and chemical characteristics of the soil have lpgesented in Appendix Il.

3.3 Climate

The experimental area experiences a sub-tropicabtd where the kharif season
starts with high temperature and it decreases viherseason proceeds towards
Rabi. The mean maximum temperature rises in thettmoh April, whereas in
winter the mean maximum temperature downs in Jgnlsually scanty rainfalls
in Rabi season (October to March) and heavy rdidfaing Kharif season (April

to September). The relative humidity increases fthme to September (80% or
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above) and declined to a minimum in the winter. Wanthly average rainfall, air
temperature and relative humidity of the site dyirihe experimental work have

been shown in Appendix III.

3.4 Experimental materials

Four varieties of rapeseed were used as plantingrias and the test varieties
were (i) BARI Sarisha-13, (ii) BARI Sarisha-15,i(iBARI Sarisha-16 and (iv)
SAU Sarisha-3.

Seed of BARI Sarisha-13, BARI Sarisha-15 and BARtisha-16 were collected
from the Oil Seed Research Center, Bangladesh dlgural Research Institute,
Gazipur and SAU sarisha-3 was collected from Depant of Genetics and Plant
Breeding, Sher-e- Bangla Agricultural Universityhdka-1207.

The important characteristics of these varieties a& mentioned below:

BARI Sarisha-13: BARI Sarisha-13 is a high yielding variety of raped. It is a

short duration variety. Siliqua of this variety atemparatively longer. Plant
height of this variety is about 80-100cm. No. digsiae plant is 65-75 with 28-

30 seeds siliqua Seeds are purple in color with 42- 43% oil. Thepcroatures

within 90-95 days and its yield varies from 220@Q&g ha'.

BARI Sarisha-15: BARI Sarisha-15 is also a high yielding varietyrapeseed.
Plant height of this variety is about 90-100 cm.. Nbsiliqua plarit 70-80 with
20-22 seeds siliqifa Seeds argellow in color. The crop matures withiB0-85
days and its yield varies frof550-1650kg ha'.

BARI Sarisha-16: BARI Sarisha-16 is also a high yielding variety rafistard.

Plant height of this variety is abolilt5-195cm. Seeds are purple in color. No. of
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siliqua plant: 180-200 with 9-11 seeds siligha The crop matures withih05-115
days and its yield varies froB000-2500kg ha'.

SAU Sarisha-3 SAU Sarisha-3 is a high yielding variety of raped. It is under
yellow sarson group oBrassica campestris. Siliqua of this variety are medium.
Plant height of this variety is about 80 cm. Semdsdark grey in color. The crop
matures within 110-115 days and its yield variesnfr1.5-1.9 t ha.

3.5 Experimental treatments

The treatments comprised of four varieties and fmpulation densities.

3.5.1 Experimental factors

Factor-1: Variety

i. V1=BARI Sarisha-13
ii. V,=BARI Sarisha-15
ili. V3 =BARI Sarisha-16
iv. V, = SAU Sarisha-3

Factor-2: Population density

i. P, =100000 plants R4.e. 10 plants M

ii. P,=400000 plants Rai.e. 40 plants M
iii. P;= 700000 plants hhi.e. 70 plants i

iv. P, = 1000000 plants Hai.e. 100 plants i

27



3.5.2 Treatment combinations
There were altogether 16 treatments combinatiohs.ékperiment consists of the

following treatment combinations:

V1P, VP, V3P, V4P,
VP, VP, V3P, V4P,
V1P; V,P3 V3P3 V,4P3
VP, V5P, V3P, V4Py

3.6 Experimental design and layout

The experiment was laid out in a Split plot deswith three replications. The
experimental unit was divided into three blocksheat which representing a
replication. There were altogether 48 XxB% unit plots, each plot measuring 2&m

2.50 m. Inter-block and Inter-plot spacing wereO0m and 0.75 m, respectively.

The layout of the experiment was presented in AgpelVv.

3.7 Land preparation

The experimental field was opened by a tractor drailssc plough and was
ploughed and cross ploughed three times with pdiler followed by laddering

to obtain a desirable tilth. The corners of thedlarere spaded out. Weeds stubble
and residues were cleaned from the soil and tie Weas made ready for layout.
Finally, the plots were laied out and the decorapa®rganic manure were applied
seven days before while the basal doses of inacdniilizer that applied one
day before sowing and were spaded well followingppr levelling to make the

plots ready for sowing.
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3.8 Fertilizer application

The experimental plots were fertilized with the aeunended fertilizer dose as

given below:

i. Cowdung : 10 t ha

i. N ; 115 kg ha
i.  P,Os ; 86.4 kg ha
iv. K,O ; 60 kg hh
v. Zn0, ; 5 kg hd
vii S ; 27 kg Ha
vii.  Boric Acid : 10 kg hd

Half of the urea and full amount of other fertiligavere broadcasted during final
land preparation. Rest half of urea was top-dredsefdre flowering of each

sowing.

3.9 Germination test

Germination test was performed before sowing tleelsén the laboratory. Filter
paper was placed on petridishes and the papers sealed with water. Seeds
were distributed at random in petridish. Data oreeyance were collected on

percentage basis by using the following formula:

Numbergarminated seeds
Germination (%) = x 100
Number of seeds set for germonati

3.10 Sowing of seeds
Seeds were sown in lines continuously and linen® distance was 30 cm. Seeds
were placed 2 cm depth and then rows were coveitedleose soil properly and

maintained according to the treatments. Seeds s on different population
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densities according to treatment specification.dSegere sown on*1November
2011.

3.11 Weeding and thinning

The experimental plots were weeded twice in timist veeding was followed by
thinning which was done at 12 days of emergencesandnd weeding was done
at 30 days after emergence. Thinning was done ionak the unit plots with care

to maintain a plant population density in each esaper treatment.

3.12 Irrigation
Irrigation was done at 25 days and 45 days of spwim order to maintain

adequate moisture in the field.

3.13 Plant protection measure

There was light attack of insect-pests during tra growth period. The plants
were attacked by aphids at the time of floweririgwas controlled by spraying
Malathion 57 EC at the rate of 2 mi‘lof water. The spraying was done in the

afternoon while the pollinating bees were away ftomfield.

3.14 General observations of experimental field
The plots under experiment were frequently obsetoetbtice any change in plant
growth and other characters were noted down immnegido make necessary

measures.

3.15 Harvesting and post-harvest operations

The crop maturity varied with varieties. The maturof crop was determined
when 80% to 85% of siliqua become straw in coloARB Sarisha-13, BARI
Sarisha-15, BARI Sarisha-16 and SAU Sarisha-3 wamyested at maturity on
13, 16, 18 and 21 February, 2012 respectively. Sine@are meter area from the
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center of each plot was harvested for recordintylydata.recorded. The harvested
plants were tied into bundles and carried to thesthing floor. The crops were sun
dried by spreading on the threshing floor. The seedre separated from the
siliguae by beating with bamboo sticks and laterensdeaned, dried, weighed and

converted into t HA The weights of the dry straw were also taken.

3.16 Sampling and data collection
Ten sample plants were selected at random from pkthfor taking plant and
yield contributing data. The heights of plants wareasured with a scale placed
on the ground level to top of the leaves. Numbebrahches, number of siliqua,
siliqua length, number of grain siliguaand weight of thousand seeds were
recorded separately. From each plot the weighh@&traw were taken. Biological
yield and the harvest index were also calculatedhfthis data.
The parameters studied in the experiment werelasvia

) Plant height (cm)

i) Leaf length (cm)

iii) Leaf breadth (cm)

iv)  Dry weight plant (g)

v)  Branches plaft(number)

vi)  Siliquae plarit(number)

vi)  Seeds siliqua(number)

viii)  Length of siliquae (cm)

iX)  Weight of 1000 seed (g)

X)  Grain yield (t ha)

xi)  Stover yield (t hd)

xii)  Biological yield (t h&)

xiii)  Harvest index (%)

3.17 Procedure for data collections after harvest
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3.17.1 Plant height (cm)
Plant height was measured from the ground levét@écapex of the leaf or siliqua
in randomly selected 10 plants from specific rowgach plot at 25, 50, 75 DAS

and at harvest and when from the mean plant hé&gh¥ was recorded.

3.17.2 Leaf length (cm)
Leaf length was taken from randomly selected 10dsand then averaged. Leaf

length was measured from base to top of the leaves.

3.17.3 Leaf width (cm)

Leaf breadth was taken from randomly selected a@de and then averaged.

3.17.4 Dry weight plant* (g)
Five plants plot were uprooted by random selection at different dafter
sowing. The samples were oven dried until a constaght was recorded. The

average weight was expressed as dry weight plant

3.17.5 Branches plarnit (number)
The total number of branches planvas counted from selected samples at the
time of harvest and was recorded. Mean numberasfdires plafitwas expressed

as number of branches plant

3.17.6 Siliquae plant (number)
Number of total siliquae of pre selected ten pldrdasn each unit plot was noted
and the mean number was recorded. The numberiqbliad of each plant was

counted and the mean was recorded.

3.17.7 Siliquae length (cm)

The length of the siliquae was measured from tise b@ the tip of the siliqua.

3.17.8 Seeds siliqua(number)
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The number of seeds was counted from randomly gakihsiliquae per treatment.

The average value is calculated as the numbereofsssiliqud .

3.17.9 1000-seed weight (g)
From the seed stock of each plot, 1000-seeeds veer@gomly collected and

weighed by an electric balance. The 1000-seedhweigs recorded in gram.

3.17.10 Seed yield (t H§
The mean weight were taken by threshing the plaihésach sample area and then

converted to t Hain dry weight basis.

3.17.11 Stover yield (t ha)

The weight of the plants containing grain was taksnsubtracting the grain
weight from the total weight. The stover weightsrevealculated after threshing
and separation of grain from the plants of f mrea and then expressed in tha

on dry weight basis.

3.17.12 Biological yield (t h&)
The summation of grain yield and stover yield wewasidered as biological yield.

Biological yield was calculated by using the follog formula,
Biological yield = Grain yield + stover yield; (dweight basis).

3.17.13 Harvest index (%)
The harvest index was calculated from the raticedd yield to biological yield
(seed yield + stover yield) and expressed in tesfrgercentage. It was calculated

by using the following formula (Donald, 1963):

Seed yield (kg h9
Harvest index = x 100
Biological yield (kg h&)
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3.18 Statistical analysis

The collected data were analyzed statistically lsyngt analysis of variance
(ANOVA) technique with the help of computer packad8TAT-C program. The
mean differences among the treatments were tegtkhbt significance difference

at 5% level of probability.
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Chapter 4
_ Results and Discussion
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RESULTS AND DISCUSSION
The experiment was conducted to study the perfoceaih population density and
variety on growth and yield of Rapeseed-Mustarde Tiesults of the present
investigation have been presented, discussedd campared as far as possible
with the results of other research.

4.1 Growth parameters
4.1.1 Plant height
4.1.1.1 Effect of variety

The plant height of the varieties was differendlifferent days after sowing (DAS)
(Fig 1). At 20 DAS, the highest plant stature of7l0cm was produced by the
variety, SAU Sarisha-3 () which was highly significant and different fromose
of BARI Sarisha-13 (Y), BARI Sarisha-15 (}) and BARI Sarisha-16 (). But at
40, 60 DAS and at harvest, the plant height ofwgety, BARI Sarisha-16 (3
was significantly highest of 75.79, 148.10 and.26@m respectively which was
statistically similar to SAU Sarisha-3 f{Vat 40 DAS. Results also showed that,
the shortest plant of 8.45 cm was found from BARtisha-15 () at 20 DAS.
But at 40, 60 DAS and at harvest, the plant hedflihe variety, BARI Sarisha-13
(V1) was significantly lowest measuring of 63.86, 85and 88.78 cm respectively
and different from those of other tested varietiesan be mentioned that initially
SAU Sarisha-3 showed the tallest plant but afteDA® and at maturity BARI
Sarisha-16 produced the highest plant height. 8mfihdings were reported by
Alam (2004) who reported that plant height of ragees and mustard differed

among the varieties due to different genetic mpkeu
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20 40 60 At harvest
Days after sowing
Fig. 1: Effect of variety on plant height at diféeit days after sowing of rapeseed-
mustard. (LSDQy o= 0.592, 1.613, 1.196 and 1.665 at 20, 40, 60 DAGa

harvest, respectively)
Here,
V; = BARI Sarisha-13
V,=BARI Sarisha-15
V; = BARI Sarisha-16
V, = SAU Sarisha-3

4.1.1.2 Effect of population density

Plant height was significantly affected by plantpplation density and was
observed at different days after sowing (DAS) (Fp.Results under the present
study revealed that the tallest plant of 10.27 was recorded from Rt 10 plants
m? density which was closely followed by Bf 100 plants M at 20 DAS. But at
40 and 60 DAS, Pat 70 plants M produced the tallest plant of 76.20 and 108.40
cm respectively. Again, at the time of harvestaf40 plants M density gave the
highest plant height of 113.40 cm followed bya® 10 plants A density. On the
other hand, the lowest plant height was observed Ri at 100 plants i at 60
DAS and at harvest it was 102.70 and 106.40 cmeatsely. But at 20 and 40
DAS, P, with 70 plants if and R with 10 plants i§ respectively produced the
shortest plant. The results obtained from the prtestidy was conformity to the
findings of Sharma and Thakur (1999) and Chawghah (1993).
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Fig. 2: Effect of population density on plant heigi different days after sowing
of rapeseed-mustard. (LgE = 0.594, 1.591, 1.070 and 1.837 at 20, 40, 60

DAS and at harvest ,respectively)
Here,
P, = 100000 plants Ha
P, = 400000 plants Ha
P, = 700000 plants Ha
P, = 1000000 plants Ha

4.1.1.3 Interaction effect of variety and populatia density

The interaction effect of variety and populatiomsi¢y had a significant effect on
the plant height (Table 1). Significant differenadsplant heights were found in
every stages of plant growth. Maximum plant heigh20 and 40 DAS of 11.06
and 84.12 cm respectively was observed in theraoten of 4P, of SAU
Sarisha-3 and at 100 plants’rand \4P; of BARI Sarisha-16 and at 70 plant§’m
respectively. But at 60 DAS and at harvegP)Mof the variety BARI Sarisha-16
with 10 plants nf gave the tallest plant height of 156.10 and 1FCcén
respectively. The lowest plant height was founanfid,P; at 20 DAS, 4P, at 40
DAS, V;P, at 60 DAS as well as with 2, at harvest respectively produced 7.78,
60.56, 86.55 and 81.23 cm respectively). The plasponse in terms of height to
the combined treatment was found higher at middéevth stage from 40 to 60
DAS considered as maximum growth stage. The maximlamt height of 170.90
cm at harvest was obtained from the treatmeR YBARI Sarisha-16 x 10 plants
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m?) followed by WP, (BARI Sarisha-16 x 40 plants $ Similar result was

obtained by Meiteet al. (2001).

Table 1. Interaction effect of variety and popuatidensity on

different days after sowing of rapeseed-mustard

plant height at

Treatments Plant height (cm)

20 DAS | 40 DAS | 60 DAS At harvest
I nteraction effect of variety and population density
V1P; 10.72 a 61.33 ¢ 91.52 j 90.89 ¢
V1P, 9.93 cd 61.56 g 86.55 k 7.88 g-i
V1Ps3 9.15 ef 64.56 f 91.94 j 0.8 g-i
V1P, 9.92 cd 68.00 e 72.95 | 87.11 hi
V7P 8.98 e-g 68.34 e 93.78 hi 97.99 f
VP, 8.45 ¢ 71.67 d 100.80 f 97.32 f
VP 7.78 h 76.56 C 101.10 f 101.80 e
VP, 8.61 fg 74.56 c 103.40 e 101.60 e
V3P, 10.57 ab 60.56 g 156.10 a 170.90 a
V3P, 8.98 e-g 80.78 b 144.00 ¢ 164.30 b
V3P3 9.48 de 84.12 a 2150 b 150.00 d
V3P, 9.90 cd 76.67 C 140.20 d 155.50 ¢
V4P 10.82 a 68.39 e 92.19 ij 90.11 gh
V4P, 10.08 bc 7155 d 97.07 ¢ 104.20 e
V4Ps3 10.90 a 79.56 b 87.36 k 86.78 i
V4P, 11.06 a 83.67 a 94.19 h 81.23 j
LSDo.o: 0.538 2.202 1.714 2.882
CV (%) 12.63 10.18 8.90 9.11

Here,

V; = BARI Sarisha-13
V, = BARI Sarisha-15
V; = BARI Sarisha-16

V, = SAU Sarisha-3

4.1.2 Leaf length
4.1.2.1 Effect of variety

P= 100000 plants Ha
P= 400000 plants ha
P= 700000 plants ha
P=1000000 plants Ha

Leaf length of different varieties was different different days after sowing
(DAS) (Fig 3). At 20 DAS, the highest leaf length494 cm was produced by
the variety, BARI Sarisha-16 @Y where BARI Sarisha-13 @Y showed the
highest leaf length of 26.67 cm at 40 DAS whiclswanificantly different from
all other tested varieties. But at 60 DAS and awést, the leaf length of the
variety, BARI Sarisha-16 (3 was significantly highest of 25.25 and 25.09 cm
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respectivelywhich was statiscally identical with BARI Sarist-13 (V,) at 60
DAS and at harvest and significantly different frémse of BARI Sarist-15 (V,)
and SAU Sarish&- (V,). Results also showed that, the lowest leaf le of 3.56
cmwas found from BARI Sarisl-13 (V,) at 20DAS. But at 40, 60 DAS and
harvest, the lowest leaf lengof 15.64, 17.31 and 15.61 cm respecti was
obtaired from BARI Sarish-15 (V,) and different from those of other ted
varieties. Here, it can be noted that at initialgst BARI Sarisi-16 showed the
higher leaf lengttbut after 40 DAS ar at maturity BARI Sarisi-13 and BARI
Sarishal6 gave highest leaf length. This result might be tb cause of variet

performance i.e. genotypic character and also so@ation with populatiol

density.
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20 40 60 At harvest
Days after sowing

Fig. 3: Effect of variety on leaf length at diffatedays after sowing ¢
rapeseednustard. (LS o= 0.260, 0.911, 1.108 and 0.269 at 20,
60 DAS and at harve, respectively)

Here
V. = BARI Sarisha-13
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V, = BARI Sarisha-15
V; = BARI Sarisha-16
V, = SAU Sarisha-3

4.1.2.2Effect of population density

Leaf length was significantly affected by populatidensity and variations were
observed at different days after sowing (DAS) (Hip.Results under the present
study revealed that the highest leaf length of £@0was recorded from; 10
plants n) which was closely followed by,R40 plants i) at 20 DAS. But at 40,
60 DAS and at harvest the highest leaf length afi2324.11 and 21.89 cm
respectively was found from,R40 plants rif) which was statistically identical
with P; (10 plants rif) at 40 DAS. On the other hand, the lowest leaftlerof
4.08 cm was observed with 70 plants %) at 20 DAS. But at 40, 60 DAS and at
harvest B (100 plants M) showed the lowest leaf length of 20.00, 21.26 and
19.05 cm respectively which was significantly diéfiet from all other treatments
of population densities. This result might be adidative due to built in genetic
characters of different entries expressed whenarget plant spacing facilitates
were provided by getting more nutrient, light avater.

——P1 —8-P2 P3 —P4

N w
(&) o
1 )

20 - \(

Leaf length (cm)

T
o U o o
1 1 1

20 40 60 At harvest
Days after sowing
Fig. 4: Effect of population density on leaf |é&m@t different days after sowing

of rapeseed-mustard. (LSBos) = 0.231, 0.873, 0.339 and 0.284 at 20, 40,
60 DAS and at harvest respectively)

Here,
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P, = 100000 plants Ha
P, = 400000 plants ha
P, = 700000 plants ha
P, = 1000000 plants Ha

4.1.2.3 Interaction effect of variety and populatia density

The interaction effect of variety and populatiomsi¢y had a significant effect on
the leaf length (Table 2). Significant differenoas leaf length were found in
every stages of growth. Maximum leaf length of 5¢t was observed in the
interaction of \4P, (BARI Sarisha-16 x 100 plants T which was closely
followed by V4P, (SAU Sarisha-3 x 10 plants That 20 DAS. But at 40, 60 DAS
and at harvest 3P, (BARI Sarisha-16 and 10 plants3ngave the highest leaf
length of 30.34, 31.89 and 29.79 cm respectivelye Towest leaf length was
producd by (P, at 20 DAS of 3.35 cm and,®, at 40 DAS of 14.22 cm. But at
60 DAS and at harvest the lowest leaf length 0014nd 13.99 cm respectively
was produced by ¥P; (BARI Sarisha-15 x 70 plants fh The maximum leaf
length of 29.79 cm at harvest was obtained from tieatment ¥P; (BARI
Sarisha-16 x 10 plants hfollowed by 4P, (BARI Sarisha-16 x 40 plants )

Table 2. Interaction effect of variety and populatidensity on leaf length at
different days after sowing of rapeseed-mustard

Treatments Leaf length (cm)

20 DAS | 40 DAS | 60 DAS | At harvest
I nteraction effect of variety and population density
V1P 3.53 i 24.56 cd 27.45 c 25.19 ¢
V1P, 3.77 gh 29.56 b 27.13 c 2497 c
V1P 3.59 hi 26.33 C 26.85 ¢ 24.61 ¢
V1P, 3.35 ] 26.23 ¢ 27.08 c 24.90 ¢
VP, 4.93 cd 16.78 jk 16.21 i act.k
VP, 5.08 bc 16.22 jk 20.58 fg 18.29 ¢
V,P3 4.04 f 15.34 Kl 14.01 | 13.99 k
VoP, 4.32 e 14.22 | 18.47 h 16j15
V3P, 5.06 bc 30.34 a 31.89 a 29.79 a
V3P, 4.48 e 25.56 ¢ 29.05 b 26.89 b
V3P 4.82 d 22.89 de 24.80 d 2255 d
V3P, 5.40 a 22.23 ef 23.26 de 21.11 e
V4P 5.28 ab 18.68 hi 19.05 gh 16.71 i
V4P, 455 e 21.11 fg 19.69 gh 17.39 h
V4P3 3.89 fg 19.67 gh 22.23 ef 20.01 f
V4P, 445 e 17.33 ij 16.23 | 1318
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LSD.05 0.217 1.672 1.721 0.563

CV(%) 12.37 12.33 12.28 6.062
Here,

V; = BARI Sarisha-13 P= 100000 plants Ha

V, = BARI Sarisha-15 P= 400000 plants ha

V3 = BARI Sarisha-16 = 700000 plants ha

V, = SAU Sarisha-3 £=1000000 plants Ha

4.1.3 Leaf width
4.1.3.1 Effect of variety
Leaf width of different varieties was different different days after sowing

(DAS) (Fig 5). At 20 DAS, the highest leaf width 274 cm was produced by the
variety, BARI Sarisha-13 (Y. But at 40, 60 DAS and at harvest, the highest le
width of the variety were 7.29cm, 8.52cm and 7c¢B0 respectively and was
obtained from the variety BARI Sarisha-163(Which was significantly different

from those of BARI Sarisha-15 {Yand SAU Sarisha-3 (Y. Results also showed
that, the lowest leaf width was found from BARI iSha-15 (\) at all growth

stages varieng from 2.31cm, 4.18cm, 4.69cm and &16&t 20, 40, 60 DAS and
at harvest respectively which was significantlyfetiént from the other tested
varieties. Here, it can be mentioned that at ingftage BARI Sarisha-13 had the
higher leaf width but after 40 DAS to at maturitABI Sarisha-16 produce the
highest leaf width where BARI Sarisha-15 produttesl lowest leaf width at all

growth stages. This result indicated the differandee to differences in varietal
characteristics happened due to genotypic vanatind also in association with

population densities.
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Fig. 5: Effect of variety on lei width at different days after sowing of rapes-
mustard. (LSI 5= 0.139, 0.692, 0.841 and 0.211s at 20, 40, 60 B¢

at harvestrespectively
Here,
V,; = BARI Sarisha-13
V, = BARI Sarisha-15
V; = BARI Sarisha-16
V, = SAU Sarisha-3

4.1.3.2Effect of population density

Leaf width was significantly affected by different popidat densities an
variations were observed at different days aftavisg (DAS) (Fig. 6). Result
under the present study raled that the highest leaf width 2.64 cm was
recorded from P(70 plants r) which was closely followed by, (10 plants 1)
at 20 DAS. But at 40, 60 DAS aiat harvest the highest leafdth of 6.73, 7.11
and 6.08cm respectively was found from P (10 plants r?) which was
statistically idental with F, (40 plants rﬁ) at 60 DAS. On thecother hand, the
lowest leaf wilth was observed with, (100 plants i) at 20, 40, 60 DAS and
harvest were2.45, 5.03, 5.82 and 4.78 cm respectively which sigsificantly
different from all other treatmts of the population densities. This resmight be
due to cause of genotypic differences expressedn larger plant spacin

facilitateswere providec to obtain more nutrienlight and water by plar
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Fig. 6: Effect of population density on leaf brdadt different days after sowing
of rapeseed-mustard. (LSBws)= 0.139, 0.249, 0.286 and 0.112 at 20, 40,
60 DAS and at harvest ,respectively)

Here,

P, = 100000 plants Ha

P, = 400000 plants ha _ _

P, = 700000 plants Fa 4.1.3.3 Interaction effect of variety and

P, = 1000000 plants ta population density
The interaction effect of variety and populatiomsiéy had a significant variation

on leaf width at all growth stages (Table 3). Rissieveal that the maximum leaf
width of 2.87 cm was observed in the interactio/g?; (BARI Sarisha-13 x 10
plants n) which was closely followed by ¥, (BARI Sarisha-13 x 40 plantst
and \4LP, (BARI Sarisha-16 x 100 plantshat 20 DAS. But at 40, 60 DAS and at
harvest \4P; (BARI Sarisha-16 x 10 plants fhproduced the highest leaf width of
7.66, 10.20 and 9.16 cm respectively which wasissitzally identical with \{P;,
V3P, VsPsand V4P, at 40 DAS. On the other hand, the lowest leaf wattB0O, 60
DAS and at harvest of 1.99, 4.18 and 3.21 cm resede was observed with
V,P, (BARI Sarisha-15 x 70 plantsfh But at 40 DAS VP, (BARI Sarisha-15 x
40 plants rif) showed the lowest leaf width of 3.54 cm. The Itssobtained from
all other treatment combinations gave significawlifferent leaf width compared
to highest and lowest leaf width.
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Table 3. Interaction effect of variety and populatidensity on leaf breadth at

different days after sowing of rapeseed-mustard

Treatments Leaf breadth (cm)

20 DAS | 40 DAS | 60 DAS | At harvest
I nteraction effect of variety and population density
V1P 2.87 a 7.22 a 6.63 de 5.60 f
V1P, 2.78 a-c 5.75 bc 7.72 bc 6.66 d
V1P;3 2.64 cd 5.71 bc 6.60 de 595f
V1P, 2.66 cd 4.84 c-e 5.96 e 498
V,P1 2.22 gh 5.16 cd 5.59 ef 454 h
V7P, 2.34 g 3.54 f 4.66 fg 3.61 i
V,P;3 2.67 b-d 4.08 ef 4.33 ¢ 3.34 j
VP, 1.99 | 3.92 ef 418 g 3.21 j
V3P 2.45 ef 7.66 a 10.2 a 9.16 a
V3P» 2.11 hi 7.58 a 852 b 7.49 b
V3P;3 2.62 cd 7.32 a 8.04 bc 7.03 c
V3P, 2.82 ab 6.62 ab 7.34 cd 6.32 e
V4Py 2.59 de 6.89 a 6.02 e 5.01 g
V4P, 2.57 de 4.37 d-f 6.63 de 5165
V,Ps3 2.64 cd 5.50 ¢ 6.69 de 5.69 f
V4P, 241 f 4.75 c-e 5.78 e 4.61 h
LSD(o.05 0.149 0.926 0.980 0.197
CV(%) 8.94 12.87 9.39 8.19
Here,

P= 100000 plants Ha
P= 400000 plants ha
= 700000 plants Ha
= 1000000 plants Aa

V; = BARI Sarisha-13
V, = BARI Sarisha-15
V; = BARI Sarisha-16
V, = SAU Sarisha-3

4.1.4 Dry weight plant*
4.1.4.1 Effect of variety
Different varieties showed different dry weight mia at different days after

sowing (DAS) (Fig 7). At 20 DAS, there was a nogngicant difference was
observed on dry weight plahamong the varieties. But at 40, 60, 80 DAS and at
harvest BARI Sarisha-13 (¥ produced the highest dry weight plamf 5.25,
12.12, 14.62 and 17.58 g respectively which wasssically identical with BARI
Sarisha-16 () at 60 DAS. Results also showed that, the lowsstwight plant
was found from BARI Sarisha-15 {)/at all growth stages were 3.17, 7.92, 9.60
and 8.83 g at 40, 60, 80 DAS and at harvest respéct which was significantly

different from the other test varieties. These lissmight be due to cause of
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genetic makeup and also nutrient availability, wated sunlight in association

with plant spacing.
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Fig. 7: Effect of variety on dry weight of plant different days after sowing of
rapeseed-mustard (LSkws)= NS, 0.211, 1.155, 0.937 and 1.132 at 20, 40,
60, 80 DAS and at harvest ,respectively)

Here,

V1 = BARI Sarisha-13
V, = BARI Sarisha-15
V; = BARI Sarisha-16
V, = SAU Sarisha-3

4.1.4.2Effect of population density

Dry weight plant was significantly affected by different populatidansities and
variations were observed at different days aftevisg (DAS) (Fig. 8). Results
under the present study exposed that there wagnidicant variation at 20 DAS,
but at 40 DAS and at harvest.The significant vamatvas obtained. The highest
dry weight plant of 5.08 g was recorded fromy R0 plants rif) at 40 DAS. But
at 60, 80 DAS and at harvest the highest dry wepdgmt’ of 13.85, 14.47 and
17.50 g respectively was found from @0 plants i) which was significantly
different from all other treatments of populatioendities. On the other hand, the
lowest dry weight plaftwas observed with,f100 plants i) at 40, 60, 80 DAS
and at harvest were 3.52, 6.66, 9.58 and 8.65 gectisely which was
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significantly different from all other treatments mopulation densities. The result
obtained from the present study also similaritythvthe findings of Mudholkar
and Ahlawat (1981).
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Fig. 8: Effect of population density on dry weigiftplant at different days after
sowing of rapeseed-mustard (LS§»s) = NS, 0.183, 0.799, 0.428 and
1.132 at 20, 40, 60, 80 DAS and at harvest, resdgx

Here,

P, = 100000 plants ha

P, = 400000 plants ha

P, = 700000 plants Ha
P, = 1000000 plants Ha

4.1.4.3 Interaction effect of variety and populatia density

The interaction effect of variety and populatiomsiéy had a significant effect on
dry weight plant at all growth stages except at 20 DAS (Table M. significant
effect was found at 20 DAS. Results exposed thatrtaximum dry weight plarit

of 6.43 g was observed in the interaction gPMBARI Sarisha-13 x 40 plants'm
%) at 40 DAS. But at 60, 80 DAS and at harveg?(BARI Sarisha-13 x 10 plants
m?) gave the highest dry weight pldnof 19.13, 16.23 and 22.70 g respectively
which was statistically identical with ¥ at 60 DAS and W and V,P; at 80
DAS. On the other hand, the lowest dry weight ptaat 40, 80 DAS and at
harvest of 2.64, 7.05 and 6.01 g respectively waserved with YP; (BARI
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Sarisha-15 x 70 plantsh But at 60 DAS VP, (BARI Sarisha-13 x 40 plants'm
%) showed the lowest dry weight pldnof 5.13 g. The results obtained from all
other treatment combinations gave significantlyfedént dry weight plat
compared to highest and lowest dry weight ptant

Table 4. Interaction effect of variety and popwatdensity on dry weight of plant
at different days after sowing of rapeseed-mustard

Dry weight plant™ (g)
Treaments 50 hAs [ 40DAS | 60DAS | 80 DAS At harvest
I nteraction effect of variety and population density
VP, 0.25 4.65 de 19.13 a 16.23 a 22.70 a
V1P, 0.25 6.43 a 18.75 a 15.10 ab 16.10 c
V1P3 0.23 522 ¢ 5.13 i 1553 a 19.13 b
V1P4 0.23 4,70 de 5.48 hi 11.63 d 12.37 d
VP, 0.19 3.67 hi 9.56 de 11.54 d 12.01 de
VP, 0.23 3.58 h-j 6.55 gh 11.21 d | 10.91 ef
VoP3 0.25 2.64 k 8.96 e 7.05 g 6.01 i
VP, 0.16 2.81 k 6.61 gh 8.60 ef | 6.38 hi
V3P1 0.20 441 ef 16.20 b 14.24 bc 15.07 ¢
V3P, 0.24 452 ef 13.17 ¢ 942 e 9.95 f
V3P3 0.21 4.20 fg 10.49 d 7.53 fg 6.02 i
VaPs 0.21 3.34 i 849 ef | 9.15 e 8.43 g
V4P, 0.25 3.91 gh 1052 d |15.87 a 20.20 b
V4P, 0.26 5.78 b 8.40 ef 13.80 ¢ 12.60 d
V4P3 0.22 4,95 cd 7.46 fg 12.38 d 12.47 d
V 4P4 0.21 3.24 | 6.06 g-i 8.96 e 7.43 gh
LSDgo: NS 0.349 1.296 1.135 1.135
CV (%) 438 10.45 9.32 24.43 43.45

Here

V, = BARI Sarisha-13
V, = BARI Sarisha-15
V3 = BARI Sarisha-16

P= 100000 plants ha
P= 400000 plants ha
$= 700000 plants ha

V,= SAU Sarish-3 P, = 1000000 plants I*

4.2 Yield contributing parameters

4.2.1 Branches plant

4.2.1.1Effect of variety

Numbers of branches plahtiffered significantly due to different varieti€Bable

5). Data showed that BARI Sarisha-13 producedhigbest number of branches
plant' of 6.14 which was significantly higher than BABhrisha-15 (4.59),
BARI Sarisha-16 (4.87) and SAU Sarisha-3 (4.78). tBa& other hand, BARI

Sarisha-15 gave the lowest number of branches plaing.59. Numerical value
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indicates that BARI Sarisha-13 produced 33.77%07%. and 28.45% higher
branches plafitthan BARI Sarisha-15, BARI Sarisha-16 and SAU Jari3
respectively. The results obtained from the preséwmily were similar with the
findings of Hussairt al. (1996) and Khaleque (1989).

4.2.1.2Effect of population density
Population density exerted influence on the nunab&ranches plait(Table 5).

Results indicated that higher population densitpdpced lower number of
branches plafit The maximum number of branches plaof 6.84 was found
from P; (10 plants rif). On the other hand, the lowest numbers of brasphent'

of 3.75 was found from /{100 plants i). The maximum increases of 82.40%
branches plaft was observed with ;P(10 plants rif) compared to lowest
performance of producing branches pfa(t00 plants ). Branch number was
also increase with the increase of plant spacingil& findings were reported by
Shriefet al. (1990), Chauhaa al. (1993) and Gupta (1988).

4.2.1.3 Interaction effect of variety and populatia density

Numbers of branches plahtvere significantly influenced by the interactidifeet

of variety and population density (Table 5). Thexmaum number of branches
planf1 of 7.56 was found from the interactions ofPy (BARI Sarisha-13 x 10
plants nf) which was statistically identical with® (BARI Sarisha-15 x 10
plants n) and closely followed by ¥P,and V,P,. The lowest number of branches
plant' of 2.23) was found from the treatment combimatif V,P, (BARI
Sarisha-15 x 100 plantsZnfollowed by \4P; and \,P,. The result obtained from
the present study was similar with the findingsTomar and Namedo (1989) and

Kumar and Gangwar (1985).

4.2.2 Siliquae plant'

4.2.2.1Effect of variety
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Number of siliquae plattvaried significantly due to varieties (Table 5).eTh
result revealed that the highest number of siliguiaat' of 126.90 was obtained
from BARI Sarisha-13 (Y) which was significantly higher than that of BARI
Sarisha-15, BARI Sarisha-16 and SAU Sarisha-3. W\gtie lowest number of
siliquae plant of 42.13 was found from SAU Sarisha-3Mvhich was also
significantly different from all other tested waties. Similar observation was also
reported by Islanet al. (1994) that siliquae plahtvaried from variety to variety.
Similar result was also reported by Jahan and ZaKa®97) and Mondadt al.
(1992).

4.2.2.2Effect of plant population density
Plant population density had significant influemcethe number of siliquae plant

(Table 5). The maximum number of siliquae pfanf 95.04 was found from,P
(10 plants rif). On the other hand, the lowest number of siligplamt® of 61.08
was found from P(100 plants ii). The maximum increases of 55.60% of siliquae
plant* was observed with;R10 plants i) compared to lowest performance of
producing siliquae plaft(100 plants 7). Siliquae plant was also increased with
the increase of plant spacing. The result obtaifmech the present study was
similar with the findings of Singkt al. (1986) and Mustapiet al. (1987).

4.2.2.3 Interaction effect of variety and plant ppulation density

Number of siliquae plaitwas significantly increased by the interactioreeffof
variety and population density (Table 5). The maxi)mumber of siliquae plaht

of 145.70 was found from the interactions oPPY(BARI Sarisha-13 x 10 plants
m?) which was statistically different from all othteatment combinations,%,,
V1P3, \4P; and 4P, also showed comparatively higher number of siligplast’

but significantly different from W;. On the other hand, the lowest number of

siliqua plant of 24.67 was found from the treatment combinat®r/,P; (SAU
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Sarisha-3 x 70 plants'ﬁn followed by \LP;, V,P,and V,P,. Similar findings also
reported by Butter and Aulakh (1999).

4.2.3Length of siliquae
4.2.3.1Effect of variety
Length of siliquae was varied significantly withetlest varieties (Table 5). The

result revealed that the highest length of siligfiar.67 cm was obtained from
BARI Sarisha-13 (Y) which was significantly higher than that of BAR&risha-
15, BARI Sarisha-16 and SAU Sarisha-3. Again, theest length of siliquaf
4.59 cm) was found from BARI Sarisha-16Mvhich was also significantly
different from all other tested varieties. Theutesbtained from the present study
was similar with the findings of Hussamt al. (1996) and Gangasarae al.
(1981).

4.2.3.2Effect of population density
Population density exerted no significant influecethe length of siliqua (Table

5). But it was observed that the highest lengtlsibiua of 5.90 cm was found
from P; (70 plants if) where the lowest length of siliqua 5.74 cm wasfb from
P, (40 plants rf).

4.2.3.3 Interaction effect of variety and populatia density

Length of siliqua was significantly varied by thearaction effect of variety and
population density (Table 5). The maximum lengthstiqua of 7.94 cm was
found from the interactions of,¥; (BARI Sarisha-13 x 70 plants hwhich was
statistically identical with VP, (BARI Sarisha-13 x 100 plants Thand followed
by V,P, and \,P,. On the other hand, the lowest length of siligti@d.63 cm was
found from the treatment combination ofR/(BARI Sarisha-16 x 100 plants

which was statistically identical with:%;, VP> and V4P;.

4.2.4 Seeds siliqua
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4.2.4.1Effect of variety

Number of seeds siligifavaried significantly due to the test varieties {[Ea5).
The result revealed that the highest number of sesifjua’ of 25.36 was
obtained from BARI Sarisha-13 (¥which was significantly higher than that of
BARI Sarisha-15, BARI Sarisha-16 and SAU SarishAagain, the lowest number
of seeds siliqua(14.95) was found from BARI Sarisha-163j\Mvhich was also
significantly different from all other test variefi. The result obtained from the
present study was conformity with the findings ahdn and Zakaria (1997) and
Gurjar and Chauhan (1997).

4.2.4.2Effect of population density

Population density exerted no significant influeoncethe number of seeds siliqua
! (Table 5). But it was observed that the higheshlmer of seeds siliquaof 20.26
was found from P (70 plants rif) where the lowest number of seeds silitjud
19.70 was found from P40 plants rf). The result obtained from the present
study was not similar with the findings of Singhda®ingh (1987) and he reported
that the number of seeds siliquimcreased as the population density decreased.
4.2.4.3 Interaction effect of variety and populatia density

Number of seeds siligifawas significantly varied by the interaction effemt
variety and population density (Table 5). The maximnumber of seeds siligia
of 26.03 was found from the interaction ofP¢ (BARI Sarisha-13 x 70 plants'm
%) which was statistically similar with ¥, (BARI Sarisha-13 x 10 plantsHhand
closely followed by (P, and \V,P,. On the other hand, the lowest number of seeds
siliqua® of 14.20 was found from the treatment combinatidnVsP, (BARI
Sarisha-16 x 40 plants fhwhich was statistically similar with J%; and closely
followed by 5Py, VaP,and V,P,.

4.2.5 Weightof 1000 seeds

4.2.5.1 Effect of variety
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Weight of 1000 seed differed significantly among tharieties (Table 5). The
result revealed th&ARI Sarisha-13 (Y) had the highest 1000 seeds weight of
4.00 gm which was statistically higher fromatthof BARI Sarisha-15, BARI
Sarisha-16 and SAU Sarisha-3. On the other haedptvest 1000 seed weight of
2.82 g was found in SAU Sarisha-3jMvhich was statistically identical with
BARI Sarisha-15 (). Similar findings were reported by Mondal and \&lah
(2001) that weight of 1000 seeds varied from vgrietvariety.

4.2.5.2 Effect of population density

Different levels of population density had no sfgmint effect on 1000 seed
weight (Table 5). But results also showed that lighest 1000 seed weight of
3.39 gm was obtained with; P70 plants rif) where the lowest of 3.24 was with P
(40 plants rif). The result obtained from the present study veasimilar with the
findings of Chauhamt al. (1993), Sharma (1992) and Patehl. (1980) and they
observed that wider spacing gave higher 1000 segghiv

4.2.3.3 Interaction effect of variety and populatia density

Weight of 1000 seeds varied significantly with theeraction effect of variety and
population density (Table 5). It was found that thghest 1000 seed weight of
4.10 g was found from the interactions oy (BARI Sarisha-13 x 70 plants
which was closely followed by ¥, V;P;and V;P,. On the other hand, the lowest
1000 seed weight of 2.74 was found from the treatns®mbination of P,
(BARI Sarisha-15 x 100 plants fhwhich was statistically identical witha?;and
closely followed by \P», V,Ps, V4P, V4P, V,Psand V4P,
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Table 5. Effect of variety and population densitydaheir interaction on yield
contributing parameters of Rapeseed-Mustard

Branches plant’ |  Siliqua Length of Seeds | 1000 seed

Treatments (No.) plant*(No.) | siliqua siliqua® | weight (g)
(cm) (No.)

Effect of variety
Vi 6.14 a 126.90 a | 7.67 a 25.36 a |4.00 a
2 459 c 53.17 ¢ 5.06 c 22.76 b| 2.87 ¢
V3 487 b 96.59 b |4.59 d 14.95 d 3.61 b
V4 478 b 42.13 d 6.04 b 16.95 c| 2.82 ¢
LSDoocs 0.794 1.597 0.2983 1.342 0.204
Effect of population density
P, 6.84 a 95.04 a 5.88 20.19 3.30
P, 575 b 92.76 b 5.74 19.70 3.24
Ps3 4.03 c 69.91 c 5.90 20.26 3.39
P, 3.75 d 61.08 d 5.83 19.87 3.37
LSDoocs 0.650 1.552 NS NS NS
I nteraction effect of variety and population density
V1P 7.56 a 145.70 a 7.68 b 25.53 a 4.03 ab
V1P, 6.23 b 127.10 c 7.18 c 24.87 ab |3.83 ae
V1P; 5.11 cd 136.60 b 7.94 a 26.03 a 4.10 a
V1P, 5.67 bc 98.11% 7.87 a 25.01 ab |4.03 ab
VP, 7.45 a 69.45 1 |5.07 f 2263 ¢ |3.20 e
VP, 5.11 cd 73.11 hi 5.10 f 2225 ¢ |275 f
VoP3 3.56 ef 33.23 | 514 f 22.89 2.78 f
VP, 223 ¢ 36.89 | 491 g |23.27 bc |2.74 f
V3P 5.78 bc 106.40 e 461 h 15.40 ef 3.50 d
V3P, 5.00 cd 119.10 d |4.56 h 14.20 f 3.57 cd
V3P3 4.45 de 85.09 g 4.64 h 1453 f 3.62 cd
V3P, 4.23 de 75.78 h 453 h 15.67 ef 3.77 db-
V4P 6.56 ab 5856 ] |6.17 d 17.20 de | 2.76 f
V4P, 6.67 ab 51.78 k |6.12 d 17.47 d 2.83 f
V4P3 3.01 fg 24.67 m 594 e 976 2.75 f
V4P, 2.89 fg 33.53 | 592 e 15 .6f 2.94 ef
LSD(o.05 0.924 4.124 0.149 1.669 0.258
CV (%) 8.70 10.78 6.12 8.05 7.37
Here,
V; = BARI Sarisha-13 P= 100000 plants Ha
V, = BARI Sarisha-15 P= 400000 plants ha
V3 = BARI Sarisha-16 £= 700000 plants Ha
V, = SAU Sarisha-3 £=1000000 plants Ha

4.3 Yield parameters
4.3.1 Seed yield
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4.3.1.1Effect of variety
Grain yield of rapeseed- mustard varieties varigaifcantly from each other

(Table 6). The results under the present studycaidd that the variety BARI
Sarisha-13 (V) produced seed vield of 1.35 thavhich was significantly highest
than those of BARI Sarisha-15 (0.92 t'aBARI Sarisha-16 (1.16 t i and
SAU Sarisha-3 (1.19 t Hy The lowest seed yield (0.92 tHavas found with the
variety BARI Sarisha-15 (). This result is in conformity with the findingd o
Islam et al. (1994) and Rahman (2002) who indicated the yigldation due to
varietal differences.

4.3.1.2Effect of population density
Population density had significant influence oe #eed yield (Table 6). It was

observed that the maximum seed yield of 1.32% aas found from P(70 plants
m?). On the other hand, the lowest seed yield of ®.8a8" was found from P
(100 plants ). The maximum increases of 60.98% of seed yield aleserved
with P; (70 plants rif) compared to lowest performance of producing séeld P;
(10 plants rif). Here, it can be mentioned that lower plant spgcie. higher plant
population increase seed yield to a certain lewtldxcess plant population is a
cause of decreased seed yield. The result obtdmed the present study was
similar with the findings of Angadit al. (2003) ..

4.3.1.3 Interaction effect of variety and populatia density

Seed yield was significantly increased by the stgon effect of variety and
population density (Table 6). Results showed thatnhaximum seed yield of 1.60
t ha') was found from the interactions ofR4 (BARI Sarisha-13 x 70 plants
which was closely followed by ¥, (BARI Sarisha-13 x 100 plants ™ but
statistically different from all other treatmentnabinations. \(P,, V3P,, V3Ps,
V4P, V4P; and P, also showed comparatively higher seed yield butiogntly
different from V,P;. On the other hand, the lowest seed vyield of ®.6a8* was
found from the treatment combination ofP{ (BARI Sarisha-15 x 10 plants
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followed by V;P;, V3P, and V,P;. The result obtained from the present study was
similar with the findings of Behert al. (2002) and Suryet al. (1998).

4.3.2 Stover yield
4.3.2.1Effect of variety

Stover yieldof rapeseed mustard varieties were significantffedént from one
another (Table 6). The results under the presenlysindicated that the variety
BARI Sarisha-16 (V) produced stover yield of 2.27 t‘havhich was statistically
identical with the variety BARI Sarisha-13 {Mand was significantly highest than
those of BARI Sarisha-15 of 1.78 t"hand SAU Sarisha-3 of 2.04 t haThe
lowest stover yield of 1.78 t Ha was found with the variety BARI Sarisha-15
(V). The result obtained from the present study hamagity with the findings
of BARI (2001) and Aliet al. (1996).

4.3.2.2 Effect of population density

Population density had significant influence on stever yield (Table 6). It was
observed that the highest stover yield of 2.33t Wwas found from P(70 plants
m?). On the other hand, the lowest stover yield 681t ha" was found from P
(10 plants rif). The maximum increases of 52.28% of stover yiei$ observed
with P; (70 plants if) compared to lowest performance producing stoied pf
P; (10 plants rif). Here, it can be concluded that lower plant spadie. higher
plant population increased stover yield to at ataterlevel but excess plant

population was one of the causes of decreasedrsy@id.

4.2.3.3 Interaction effect of variety and populatia density

Stover yield was significantly increased by thesrattion effect of variety and

population density (Table 6). Results showed that maximum stover yield of
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2.93 t hd was found from the interactions of®4 (BARI Sarisha-16 x 70 plants
m?) which was statistically different from all othgeatment combinations. On
the other hand, the lowest stover yield of 1.5&% lwas found from the treatment
combination of \4P; (BARI Sarisha-16 x 10 plants H which was statistically
identical with V,P; and V,P;.

4.3.3 Biological yield
4.3.3.1 Effect of variety

Biological yield of rapeseed -mustard varieties were significaniffei@nt from
one another (Table 6). The results under the ptestmly indicated that the
variety BARI Sarisha-13 () produced biological yield of 3.55 t iawhich was
statistically different from all other test varedi The lowest biological yield of
2.70 t ha was found with the variety of BARI Sarisha-15,V

4.2.3.2 Effect of population density

Population density had significant influence on thelogical yield (Table 6). It
was observed that the highest biological yield.dB3 ha" was found from P(70
plants nf) which was statistically identical with,R100 plants ). On the other
hand, the lowest biological yield of 2.35 t*haas found from P(10 plants ).
The result obtained from the present study waslafmiith the findings of Singh
et al. (1986).

4.2.3.3 Interaction effect of variety and populatia density

Biological yield was significantly increased by tinéeraction effect of variety and

population density (Table 6). Results showed thathaximum biological yield of
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4.06 t hd was found from the interactions of®4 (BARI Sarisha-13 x 100 plants
m?) which was statistically different from all othgeatment combinations. On
the other hand, the lowest biological yield of 198&a* was found from the
treatment combination of )?; (BARI Sarisha-15 x 10 plants Hhhwhich was also

significantly different from all other treatmentrabinations.

4.3.4 Harvest index
4.3.4.1Effect of variety

Harvest indexof rapeseed -mustard varieties were significadifiierent from one
another (Table 6). The results under the presenlysindicated that the variety
BARI Sarisha-13 (V) produced harvest index of 37.65%, which was dtatilly
different from all other test varieties. The lowdstrvest index of 33.73% was
found with the variety of BARI Sarisha-15 )V The result obtained from the
present study was similar with the findings of islet al. (1994).

4.3.4.2 Effect of population density

Population density had significant influence on tiagvest index (Table 6). It was
observed that the highest harvest index of 36.14%faund from P(70 plants m
%) which was statistically different from all oth&eatments of plant population.
On the other hand, the lowest harvest index of 3®4.5vas found from (10
plants nf). The result obtained from the present study wiasla with the
findings of Scarisbriet al. (1982) and Shriedt al. (1990).
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4.3.4.3 Interaction effect of variety and populatia density

Harvest index was significantly increased by theriaction effect of variety and
population density (Table 6). Results showed thatrhaximum harvest index of
41.02% was found from the interactions Py (BARI Sarisha-13 x 70 plants'm
%) which was statistically different from all oth&neatment combinations. ;2
V,4P; and V4P, also showed comparatively higher harvest indexdmyrificantly
different from V,P;. On the other hand, the lowest harvest index 0213 was
found from the treatment combination ofP¢ (BARI Sarisha-16 x 70 plants
which was also significantly different from all ethtreatment combinations.,®;
and 4P, also showed comparatively lower harvest index bigmnificantly
different from \4P;. The result obtained from the present study wamslai with
the findings of Singh and Singh (1987).
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Table 6. Effect of variety and population densityg dheir interaction on seed and

Stover yield, biological yield and harvest indexRapeseed-Mustard

Treatments Seed ylield Stover ){ield Biological1 Harvest index
(tha™) (tha™) yield (t ha™) (%)

Effect of variety
V4 1.35 a 220 a 355 a 37.65 a
Vo 092 c 1.78 c 2.70 d 33.73 d
V3 1.16 b 2.27 a 293 ¢ 34.15 ¢
V4 1.19 b 2.04 b 3.23 b 36.93 b
LSDg 0.112 0.091 0.071 0.095
SE 0.133 0.083 0.214 0.203

Effect of population density
P: 0.82 ¢ 1.53 ¢ 235 c 3451 c
P, 123 b 222 b 3.48 a 35.97 b
Ps3 1.32 a 2.33 a 3.15 b 36.14 a
P, 1.22 b 220 b 3.43 a 35.85 b
LSDg 0.094 0.081 0.09133 0.134

| nteraction effect of variety and population density
V4P, 0.83 h 1.63 f 2.46 h 33.74 i
V1P, 147 b 2.30 cd 3.77 ¢ 38.99 b
V1P3 1.60 a 2.30 cd 3.90 b 41.02 a
V1P, 1.50 ab 257 b 4.06 a 36.86 d
VP 0.60 i 1.33 ¢ 1.93 j 31.09 k
VP, 1.00 fg 2.00 e 3.00 fg 33.82
VoP3 1.00 fg 1.90 e 291 ¢ 34149
VP, 1.07 ef 1.90 e 2.98 fg 36102
V3P 0.90 gh 157 f 2.48 h 36.44 d-f
V3P, 1.23 cd 2.17 d 341 e 6.19 ef
V3P3 1.33 c 2.93 a 2.26 i 231 k
V3P, 1.17 de 240 c 3.58 d 32.76 |
V4P 0.93 gh 1.60 f 2.52 h 36.76 de
V4P, 133 c 2.43 bc 3.76 c 35.36 g
V 4P3 1.34 c 2.20 d 3.54 d 37.85 c
V4P, 1.17 de 1.93 e 3.11 f ara
LSD.05 0.106 0.149 0.129 0.5728
CV (%) 10.77 10.19 7.50 9.03

Here

V; = BARI Sarisha-13
V, = BARI Sarisha-15
V; = BARI Sarisha-16
V, = SAU Sarisha-3

P= 100000 plants Ha
P= 400000 plants Ra

P1 = 700000 plants ha-1
P2 =1000000 plants ha-1
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Chapter 5

Summary and conclusion
-I [ ]
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SUMMARY AND CONCLUSION

The experiment was conducted at the field of ShBewmgla Agricultural
University farm, Dhaka to evaluate the performaontegopulation density and
variety on growth and yield of Rapeseed-Mustarce €kperiment consists of two
factors (1) Variety and (2) Population density. Foarieties were viz. (i) Y=
BARI Sarisha-13, (ii) ¥ = BARI Sarisha-15, (iii) ¥ = BARI Sarisha-16 and (iv)
V, = SAU Sarisha-3 were used and four population ideasvere used viz. (i) P

= 100000 plants K& (ii) P, = 400000 plants Ha (i) P; = 700000 plants fsand

(iv) P, = 1000000 plants Ha There were sixteen treatment combinations under
the present study. Data were collected from theeexental field and analyzed

statically.

Data were collected on Plant height (cm), Leaf ter{gm), Leaf width (cm), Dry
weight plant,, Branches plafit Siliquae plarit, Seeds siliqug Length of siliqua
(cm), Weight of 1000 seed (g), Grain yield (thaStover yield (t hd), Biological
yield (t ha') and Harvest index (%).

Significant variation was found in all parametetsddferent growth stages of
rapeseed-mustard. Different varieties showed saamf variation at different

stages.

Plant height at 40, 60 DAS and at harvest BARI sbad16 (\4) gave highest
plant height of 75.79, 148.10 and 160.20 cm respsdgtwhere BARI Sarisha-13
(V,) showed the lowest plant height of 63.86, 85.7d 88.78 cm respectively.
Again, BARI Sarisha-16 (3 also showed highest leaf length of 25.25 and25.0
cm at 60 DAS and at harvest respectively andwadfh of 7.29, 8.52 and 7.50
cm at 40, 60 DAS and at harvest respectively wHARI Sarisha-15 (V)
showed lowest leaf length of 15.64, 17.31 and 1®@lat 40, 60 DAS and at
harvest respectively and leaf width of 2.31, 4489 and 3.68 cm at 20, 40, 60
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DAS and at harvest respectively. In terms of drygiveplant', BARI Sarisha-13
(V1) showed the highest dry weight plaraf 5.25, 12.12, 14.62 and 17.58 g at
40, 60, 80 DAS and at harvest respectively wher&B8arisha-15 (Y) gave the
lowest weight plant of 3.17, 7.92, 9.60 and 8.83 g at 40, 60, 80 DAS at

harvest respectively.

Considering yield contributing parameters, BARIiSaa-13 produced the highest
number of branches plahof 6.14, siliquae plafitof 126.90, length of siliquae of
7.67 cm, number of seeds siliuaf 25.36 and 1000 seeds weight of 4.00 gm
where BARI Sarisha-15 () gave the lowest number of branches plami4.59.
But the lowest number of siliquae plamf 42.13 and 1000 seed weight of 2.82 g
were found from SAU Sarisha-3 {/and the lowest length of siliqua&4.59 cm
and number of seeds siliglaf 14.95 were found from BARI Sarisha-165{V

Considering yield parameters, it was observedBidR| Sarisha-13 (V) gave the
highest seed yield of 1.35 t'hebiological yield of 3.55 t ihand harvest index of
37.65% but BARI Sarisha-16 §)/ produced highest stover yield of 2.27 t'ha
where the lowest seed yield of 0.92 t'hatover yield of 1.78 t i biological
yield of 2.70 t h& and harvest index of 33.73%) were found with theaty of
BARI Sarisha-15 (}).

Different population densities also showed sigafficvariation at different stages.
Plant height at the time of harvest, (RO plants rif) gave best result of 113.40 cm
where lowest plant height was observed wit{I®0 plants i) at 60 DAS and at
harvest of 102.70 and 106.40 cm respectively. Aghi@ highest leaf length was
achieved from P(40 plants 1) at 40, 60 DAS and at harvest of 23.11, 24.11 and
21.89 cm respectively wherg PLOO plants i) showed the lowest leaf length of
20.00, 21.26 and 19.05 cm s at 40, 60 DAS andraekarespectively. But in case
of leaf width, R (10 plants rif) showed the highest result of 6.73, 7.11 and 6.08

cm at 40, 60 DAS and at harvest respectively, wihileeelowest leaf width was
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with P, (100 plants if) at 20, 40, 60 DAS and at harvest of 2.45, 5.082 &nd
4.78 cm respectively. But in terms of dry weighargf, P, (10 plants rif) also
gave the best result of 13.85, 14.47 and 17.50 §0aB80 DAS and at harvest
respectively where as, 100 plants i) showed the lowest dry weight pldnof
3.52, 6.66, 9.58 and 8.65 g at 40, 60, 80 DAS amadmvest respectively.

Considering yield contributing parameters, the mmxn number of branches
plant' of 6.84 and siliquae plahtof 95.04 were found from;R10 plants rf).
But there was no significant effect was found isecaf length of siliqua, number

of seeds siliquaand 1000 seed weight.

Considering yield parameters, the maximum seedl yiéll.32 t hd, stover yield
of 2.33 t h&, biological yield of 3.48 t hhand harvest index of 36.14% were
found from B (70 plants i) where the lowest seed yield of 0.82 t'iveas found
from P, (100 plants i) but the lowest stover yield of 1.53 thabiological yield
of 2.35tha and harvest index of 34.51% were found fronf1® plants r).

In case of combined effect of variety and poputatiensity, \4P; (BARI Sarisha-
16 x 10 plants /) gave the tallest plant of 156.10 and 170.90 c®0abAS and
at harvest respectively where the shortest plaighhevas found from WP, at
harvest of 81.23 cm. But the interaction effectVvaP; (BARI Sarisha-16 x 10
plants n) gave the highest leaf length of 30.34, 31.89 2849 cm at 40, 60
DAS and at harvest respectively wherg®MBARI Sarisha-15 x 70 plants
showed the lowest leaf length of 14.01 and 13.99atr80 DAS and at harvest
respectively. Again, YP; (BARI Sarisha-16 x 10 plants fhgave the highest leaf
width of 7.66, 10.20 and 9.16 cm at 40, 60 DAS anbarvest respectively where
the lowest leaf width was observed withP/(BARI Sarisha-15 x 70 plants fhat
60 DAS and at harvest of 4.18 and 3.21 cm respagtiin case of dry weight
plant! V;P; (BARI Sarisha-13 x 10 plants thgave the highest dry weight plant
of 19.13, 16.23 and 22.70 g at 60, 80 DAS and atdsa respectively where,®;

65



(BARI Sarisha-15 x 70 plants fhgave the lowest dry weight planof 7.05 and
6.01 g at 80 DAS and at harvest respectively.

Considering yield contributing parameters, The mmaxn number of branches
plant' of 7.56 and siliquae plahtof 145.70 were found from ¥, (BARI
Sarisha-13 x 10 plants fhbut the maximum length of siliqua of 7.94 cm, ren
of seeds siliqua of 26.03 and 1000 seed weight of 4.10 g were ddoom VP,
(BARI Sarisha-13 x 70 plantsfh The lowest number of branches planf 2.23
and 1000 seed weight of 2.74 were found fraga®, (BARI Sarisha-15 x 100
plants n¥) but the lowest number of siliquae plardf 24.67, length of siliqua of
4.53 cm and number of seeds siliquaf 14.20 were found from M5 (SAU
Sarisha-3 x 70 plants fy V3P, (BARI Sarisha-16 x 100 plants hand 4P,
(BARI Sarisha-16 x 40 plants fhrespectively.

Considering yield parameters, the maximum seed yiell.60 t hd and harvest
index of 41.02% were found from;®; (BARI Sarisha-13 x 70 plants fhbut the
maximum stover yield of 2.93 t Hawas found from WP; (BARI Sarisha-16 x 70
plants nf) and the maximum biological yield of 4.06 t*havas found from VP,
(BARI Sarisha-13 x 100 plants Thwhere the lowest seed yield of 0.60 t'tend
biological yield of 1.93 t Ha were found from WP, (BARI Sarisha-15 x 10 plants
m?) but the lowest stover yield of 1.57 t*hawas found from WP, (BARI
Sarisha-16 x 10 plantsfhand the lowest harvest index of 31.21%of was foun
from V5P (BARI Sarisha-16 x 70 plants'th

From the results obtained, it may be concluded ttatperformance of rapeseed
cv. BARI Sarisha-13 was better in respect of growthld and yield components
when sown at plant population of 70 plant$.rVith this combination the yield
was 1.60 t ha But with the treatment combination of,R4 (BARI Sarisha-13 x
100 plants if) showed very close yield of 1.50 th&o, from economic point of

view, V;P; (BARI Sarisha-13 x 70 plants fhwas the best treatment combination.
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However, this result has made a basis for furtitedy that in different region
involving different factors of production of rapesemustard to make make a
remarkable conclusion. Further research is, thezefoecessary to reach a

conclusion.
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Appendix |. Experimental site at She-e-Bangla Agricultural University, Dhaka-
1207
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Appendix lI: Characteristics of experimental soil was analyzed at Soil Resources
Development Institute (SRDI), Farmgate, Dhaka.
A. Morphological characteristics of the experimental ield

Morphological features | Characteristics

Location Agronomy Farm, SAU, Dhaka
AEZ Modhupur Tract (28)

General Soil Type Shallow red brown terrace soil
Land type High land

Soil series Tejgaon

Topography Fairly leveled

Flood level Above flood level

Drainage Well drained

Cropping pattern Not Applicable

Source: Soil Resource Development Institute (SRDI)

B. Physical and chemical properties of the initibsoil

Characteristics | Value
Particle size analysis
% Sand 27
%Silt 43
% Clay 30
Textural class Silty-clay
pH 5.6
Organic carbon (%) 0.45
Organic matter (%) 0.78
Total N (%) 0.03
Available P (ppm) 20.00
Exchangeable K ( me/100 g soil) 0.10
Available S (ppm) 45

Source: Soil Resource Development Institute (SRDI)

Appendix Ill. Monthly average air temperature, relative humidity and total rainfall
of the experimental site during the period from Noember 2011 to February

2012.
Max. Temp. Min. Temp. Rain fall
Month RH (%) (°C) (°C) (mm)
November 50.26 24.80 16.40 0
December 48.36 24.52 14.18 0
January 69.53 25.00 13.46 0
February 50.31 29.50 18.49 0

Source: Bangladesh Meteorological Department (Climate division), Agargaon, Dhaka-
1212
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Appendix IV: Layout of the experimental design.

S
E < A|, > W
N

Number of plots: 48

Plot size: 2m x 2.5m (5
Block
0.75m
Plot to plot distance: 0.5m

to block distance

Variety

(i)

(ii)
(iii)
(iv)

Population density

(i)

(ii)
(i)
(iv)

V; = BARI sarisha-13
V, = BARI Sarisha-15
V3 = BARI Sarisha-16
V4 = SAU sarisha-3

P, = 100000 plants ha
i.e. 10 plants M
P, = 400000 plants ha
i.e. 40 plants M
P; = 700000 plants ha
i.e. 70 plants M
P, = 1000000 plantg
hai.e. 100 plants i

Vi P V3 Py V4 Py
V3 P, Vs P3 Vi Py
V2 Py V1P, V2 Ps
V1P, V4 Py V3 Ps
V, Py Vi Py Vo Py
V1 Py V4P V3 P,
V4 Ps Vo P, Vi Py
V3 P; V3 Ps V4 P,
V1 P; V4 Ps Vs Py
V4 P, Vi Py Vo P,
Vi P V3 P, V4 Py
Vo P, Vo P Vi P,
V3 Py Vo Py V3 Py
V2 Ps V1P; Va2 Py
Va Py Vs Py V4 Ps
Vo Py V4P V1P;
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Appendix V: Effect of variety and population density on plant height at different
days after sowing of rapeseed — mustard

Source of Degrees | Mean square of plant height_ (cm) at different daysfter
variation of Sowing
freedom | 20 DAS 40 DAS 60 DAS At harvest

Replication 2 1.35 2.80 2.05 1.86
Factor A 3 3.53* 3.68* 9.35* 3.44*
Factor B 3 2.44* 3.21* 8.74* 4.56*
AB 9 0.48** 6.73* 1.78** 6.39*

Error 30 1.504 2.80 2.05 3.98

"Significant at 5% level

Appendix VI: Effect of variety and population density on leaf lagth at different

days after sowing of rapeseed — mustard.

Source of Degrees Mean square of leaf Iength_(cm) at different daysfeer
variation of Sowing
freedom | 20 DAS 40 DAS 60 DAS At harvest

Replication 2 1.65 1.48 2.91 1.00
Factor A 3 4.19* 3.41* 3.57* 5.67*
Factor B 3 0.78** 6.28* 6.32* 1.01*
AB 9 0.48* 6.58* 6.10* 1.75*
Error 30 0.097 1.19 1.76 0.28

“Significant at 5% level

Appendix VII: Effect of variety and population density on leaf width at different

days after sowing of rapeseed — mustard.

Degrees | Mean square of leaf breadth (cm) at different daysfter
Source of :
variation of sowing
freedom | 20 DAS 40 DAS 60 DAS At harvest
Replication 2 0.92 2.05 1.22 0.84
Factor A 3 0.37** 9.83* 9.99* 2.68*
Factor B 3 0.09** 3.92* 2.52* 3.91*
AB 9 0.16** 1.30** 2.07* 1.26*
Error 30 0.12 1.01 0.68 0.54

"Significant at 5% level
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Appendix VIII: Effect of variety and population density on dry weght of plant at
different days after sowing of rapeseed — mustard.

Degrees | Mean square of dry weight plant’ at different days after

Source of of sowing

variation | reedom | 50 pas | 40DAS | 60DAS | 80DAS | ft
arvest

Replication 2 0.01 1.34 1.78 2.53 2.32

Factor A 3 NS 8.90* 6.89* 6.65* 4.61*

Factor B 3 NS 4.88* 8.51* 5.04* 2.86*

AB 9 NS 0.87** 5.30* 7.28* 4.45*

Error 30 0.00 0.06 1.92 1.26 1.84

"Significant at 5% level

Appendix IX: Effect of variety and population densty on vyield contributing
parameters of rapeseed-mustard

Mean square of yield contributing parameters
Source of Degrees Branch{as Siliqu_:i\ Length §eed_si 1000
variation of plant plant _ _of siliqua se_ed
freedom siliqua weight
(cm) (9)
Replication 2 6.83 0.71 0.26 0.76 0.02
Factor A 3 6.66* 5.40* 9.28* 8.68* 4.02*
Factor B 3 4.26* 4.72* NS NS NS
AB 9 1.47* 3.85* 1.13* 1.58* 1.07**
Error 30 0.91 1.67 0.14 2.59 0.26

“Significant at 5% level

Appendix X: Effect of variety and population densiy on seed yield, stover yield,
biological yield and harvest index of rapeseed- mterd.

Source of Degrees _ Mean square of yield _para_meters
variation of Seed yield Stover yield Blologlcal _ Harvest
freedom (t ha) (t ha™) yield (t ha™) | index (%)
Replication 2 0.32 0.40 0.01 0.14
Factor A 3 0.55** 0.39** 1.62* 4.30*
Factor B 3 1.59* 1.62* 3.30* 6.71*
AB 9 0.17** 1.03* 0.44** 1.74*
Error 30 0.02 0.06 0.20 1.04

"Significant at 5% level
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Plate 1: Field view of AI Sarisha- 1

Plate 2: Field view of BARI Sarisha- 15
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Plate 3: Field view of BARI Sarisha- 16

Plate 4: Field view of SAU Sarisha- 3
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