INFLUENCE OF IRRIGATION AND NITROGEN ON
THE YIELD OF RAPESEED (Brassica napus)

By

MOHAMMAD ABDUL LATIF

REGISTRATION NO. 25289/00394
A Thesis

Submitted to the Faculty of Agriculture,
Sher-e-Bangla Agricultural University, Dhaka,
in partial fulfillment of the requirements for the degree of

MASTER OF SCIENCE (M.S.)
IN
AGRONOMY

SEMESTER: JANUARY - JUNE, 2006

Approved By:
Do
Dr. Md. Hazrat Ali Dr. Md. Jafar Ullah
Professor Associate Professor
Supervisor Co-Supervisor

e tey
Dr. Parimal Kanti Biswas

Chairman
Examination committee




®

o)

Dedicated to
My

Beloved Parents &

Brothers




CERTIFICATE

This is to certify that the thesis entitled “Influence of irrigation
and nitrogen on the yield of rapeseed (Brassica napus)”
submitted to the Faculty of Agriculture, Sher-e-Bangla Agricultural University,
Dhaka, in partial fulfillment of the requirements for the degree of MASTER
OF SCIENCE IN AGRONOMY, embodies the result of a piece of bona
fide research work carried out by Mohammad Abdul Latif, Registration No.
25289/00394 under my supervision and guidance. No part of the thesis has

heen submitted for any other degree or diploma.

I further certify that such help or source of information, as has been

availed during the course of this investigation has duly been acknowledged.

E ;g%;%‘l
nnnnnnnnnnnnn

Dated: Jume 25.2006 (Prof. Dr. Md. Hazrat Ali)
Dhaka, Bangladesh Supervisor



ACKNOWLEDGEMENT

Althamduliliah. Allah, the mercifil, who has created everything in this universe
and kindly enabled me to present this thesis for the degree of Master of Science (M.5.)
i Agrwic:m_v.

I am proud to express my deepest gratitude, deep sense of respect and
inniense  indebtedness to my research supervisor Prof Dr, Md Hazrat Ali
Department of Agronomy, Sher-e-Bangla Agricultural University, Dhaka-1207, for
lis constant supervision, invaluable suggestion, scholastic guidance, continuous
tnspiration, constructive comments and encouragement during my research work and
guidance in preparation af manuscript of the thesis.

! express my sincere appreciation, profound sense, respect and immeise
indebtedness to my respected Co-supervisor Dr. Md. Jafar ullah, Asseciate Professor,
Department of Agronomy, Sher-e-Bangla Agricultural University, Dhaka-1207, for
extending his generous help, scholastic guidance, constructive criticism, continuous
inspiration and valuable suggestions during the research work and preparation of the
manuseript of the thesis.

I would like to express my deepest respect and boundless gratitude to all the
respected teachers and staffs of the Department of Agronomy, Sher-e-Bangla
Agricultural University, Dhaka-1207 for the valuable teaching, sympathetic co-
aperation and inspirations throughout the course of this study and research work.

Heartiest thanks and gratitude are due to Sher-e-Bangla Agricultural
University Research System (SAURES) and Farm Division of Sher-e-Bangla
Agricultural University for their support to conduct the research.

! would like to expresses cordial thanks to my dear friends, Md, Kamrul
Hasan, Sanjit Dhar, Md. [ftekhar Ahmed, MS students, Department of Agronomy,
Sher-e Bangla Agricultural University, for their heartiest assistance in my research
periad,

! would like to express my last bt not least profound gratitude to my beloved
father, mother, elder brothers who sacrificed all their happiness during the whole
sty period and during this MS study. I am grateful to all of my relatives for their
inspiration, blessing and encouragement that opened the gate of my higher studies in
nny ife,

June, 2006 The Author



INFLUENCE OF IRRIGATION AND NITROGEN ON THE
YIELD OF RAPESEED (Brassica napus)

/ ABSTRACT

An experiment was conducted at the agronomy field laboratory of Sher-e-
Bangla Agricultural University, Dhaka-1207 during the period from October, 2005 to
February, 2006 to examine the influence of irrigation and nitrogen on the yield of
rapesecd (Brassica mapus). There were four dilferent levels of irrigation viz. no
imigation, one irrigation at 30 DAS, two irrigations at 30 and 50 DAS and three
irrigations at 30,50 and 65 DAS and four levels of nitrogen viz, 0, 40, 8 and 120 kg
N ha”'. The experiment was laid out in split plot design with 3 replications assigning
irrigation in the main plots and levels of nitrogen in the sub-plots,

Irmigation and nitrogen significantly influenced the growth, development,
yield and yield atinbuters of rapeseed. Plant height, dry matter, branches plant'],
length of main inflorescence, number of siliquae in the main inflorescence, siliguas
ph!.rt['t, siliqua length, sceds siliqua", weight of 1000 seeds, seed yield, stover yield,
harvest index and oil content were significantly influenced by both irrigation and
nitrogen.

Among the irrigation (reatments, three irrigations- one at 30 DAS (pre-
flowering stage), second at 50 DAS (siliquae formation stage) and another at 65 DAS
(siliquae development stage) resulted the greater growth parameters like plant height,
dry matter weight and the vield components like branches plant". length of mam
inflorescence, number of siliquae in the main inflorescence, siliquae plant”, siliqua
length, seeds siliqua™, 1000 seed weight, seed yield, stover yield and harvest index.
However, irrigation levels influenced the oil content. Three irrigations at 30, 50 and
63 DAS showed the best performance in all respect. The highest sced yield (1455.96
kg ha™') was obtained at three irrigations while control treatment gave the lowest yield
(348.05 kg ha''). The results revealed that nitrogen at the rate of 120 kg ha™' showed
the best results in all respect except oil content. The highest seed yield (1347.72 kg
ha™') was obtained at 120 kg N ha' while control treatment produced the lowest yield
(408.5 kg ha™).

The interaction effect of irrigation and nitrogen revealed that three irrigations
one at 30 DAS (pre-flowering stage), second at 50 DAS (siliqua formation stage) and
another at 65 DAS (siliqua development stage) in combination with 120 kg N ha'
showed the best performance in most of the cases whereas, the combination effect of
contral treatments showed the least performance.

Vi
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./ Chapter 1

INTRODUCTION

Rapeseed and mustard belongs to the family Cruciferae are important oil crops
and currently ranked as the worlds third important oil crop in terms of production and
area, Among the species, Brassica napus and Brassica campestris arc regarded as
“rapeseed” while Brassica juncea is regarded as mustard, Worldwide the total annual
production of Brassica is 44,41 million tons of sced from an area of 27.24 million
hectares (FAQ, 2004). Rapeseed and mustard contain 40-45% oil and 20-25% protein

in seed.

Oilseed crops play a vital role in human nutrition. It is not only a rich source
of energy (about 9 Kcal/g) but also rich in soluble vitamins A, D, E and K. The
National Nutrition Council (NNC) of Bangladesh reported that recommended dietary
allowance (RDA) per capita per day should be 6g of o1l for a diet with 2700 Keal. On
RDA basis, the edible oil need for 150 millions people per annum is 0.33 million tons

of oil equivalent to 0.82 million tons of oilseed (NNC, 1984).

In Bangladesh, sources of edible oil are rapeseed-mustard, sesame, groundnut,
soybean, niger, linseed, sunflower and safflower. But rapeseed-mustard is one of the
important oilseed crops of the world after soybean and palm (FAO, 2004). Rapeseed-
mustard is the principal oilseed crop of Bangladesh. In Bangladesh, it covers an area
of 0.28 million hectares with a production of 0.21 million tons (BBS, 2005). Rapeseed
oil is widely used as cooking oil and as medicinal ingredient and supplies fat in our
daily diet. Rapeseed oil cake is used as feed for cattle and fish and as manure for
crops. The average yield of rapeseed in Bangladesh is very low (0.77 t/ha) that is less

than 50% of the world average (FAO, 2004).

Domestic production of edible oil almost entirely comes from rapesced and
mustard occupying only about 2% of total cropped area in Bangladesh (BBS, 2002).
The annual oil seed production was about 0.41 million tons of which the share of

mpesceﬁ—mustard was 0.21 million tons, which comes about 52 % of the total edible



oil seed production (BBS, 2005). It is top of the list in respect of area and production

compared to other oilseed crops grown in Bangladesh.

Bangladesh is running with acute shortage of about 70% edible oil. Annually
producing about 0.16 million tons of edible oil as against the requirement of 0.5
million tons and to meet the demand, the country has to import oil and oilseeds to the

tune of about US § 160 million per annum (Wahhab et al., 2002).

Bangladesh Agricultural Research Institute (BARI) and Bangladesh Institute
of Nuclear Agriculture (BINA) have released quite a number of new high yielding
varieties (HYV) of these crops. The yield of HYV cultivars ranges between 1.4 and
3.1 t/ ha (BARI, 2002). However, the yields in farmer’s fields are still low compared
to their potentialities due to lack of proper management practices. Therefore, there is a
scope o increase the yield level of HYVs with proper management practices like

spacing, irrigation, fertilizer application and seed rate.

In Bangladesh, both rapeseed and mustard are mostly grown on the residual
soil moisture in Rabi season (Kaul and Das, 1986). But irrigation is a vital factor for
proper growth and development of the crops in dry season (Roy and Trpathy, 1985).
The crop essentially requires water ranging from 60-169 mm throughout its life cycle
(Rahman, 1989; Sarkar et al., 1989). In fact, Brassica is an irrigated crop since its
yield is greatly increased by the presence of adequate soil moisture for different
growth stages (Prasad and Eshanuliah, 1988). Trrigation has been found to increase
1000 sced weight, number of siliquae plant”, number of seed plant” and seed vield
and harvest index (Shrivastava et al, 1988) of this crop. Mondal et al. (1988)
reported that ene irmitation at flowering and pod development stage gave the highest
yield (2. 56 t/ha). Irrigation has also an effect in increasing the fertilizer uptake
(Reddy and Sinha, 1987) thus increased biomass, which ultimately increase the yield.
In recent year, some promising varicties have been released in Bangladesh which are

being grown as irrigated crops.

The yield of rapeseed can be augmented with the use of high yielding varieties
and appropriate agronomic inputs. Fertilizer is the depending source of nutrient that

can be used to boost up growth and yield of mustard (Sinha et al., 2003; Shukla et al.,



2002a; Meena et al.. 2002 and Zhao et al., 1997). High yielding varieties of rapeseed
are very responsive to fertilizers especially nitrogen and sulphur (Patel et al., 2004;
Sharawat et al., 2002; Ali and Rahman, 1986). Application of 100 kg N and 30 kg

S/ha promoted most of the growth parameters and yield attributes of mustard (Islam et

el 2004).

Rapeseed is highly sensitive to nitrogen and this element has tremendous
influence on plant height, dry matter accumulation and all the yield attributes at 120
kg N ha! (Tripathi and Tripathi, 2003; Singh et al., 2002; Shukla et al., 2002b; Saikia
et al., 2002 and Srinivas and Raju, 1997). Excessive use of this element may produce
too much of vegetative growth and thus fruit production may be impaired (Sheppard
and Bates, 1980). An efficient method and time of application is very much important
for proper utilization of nitrogen by plants (Ibrahim er al., 1989). Proper fertilization
is an essential need to maximize rapesced production in Bangladesh soil. The high
yielding varieties of rapeseed introduced into intensive cropping system and need
through investigation on the requirement of irrigation and N for their growth and
development 1o obtain maximum yield. In view of the limited information on the
problems mentioned above point in mind, the present piece of work was undertaken

with the following objectives:

|. Determine the proper number of irrigation for getting higher yield of rapeseed
2. Find out the optimum dose of nitrogen for getting higher yield of rapeseed
3. Examine the interaction effect of irrigation and nitrogen on the growth,

vield attributes and yield of rapeseed.
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Chapter 2
REVIEW OF LITERATURE

Rapeseed-mustard is an important oil crop in Bangladesh, which can
contribute largely in the national cconomy. But the research works done on this crop
with respect to agronomic practices are inadequate. The proper fertilizer management
accelerates its growth and influenced its yield as well as oil content. Therefore,
available findings of the direct effect of irrigation and nitrogen fertilizer and
combination effect relevant to the present study have also been brielly reviewed under

the following heads:

v~ 2.1 Effect of irrigation

Seed vield of Brassica is greatly affected by water stress during flower
initiation and siliquae filling stage (Richard and Thurling, 1978). Singh et al. (2002)
tested four Brassica spp. (Brassica carinata, Brassica napus, Brassica juncea and
Brassica campestris) under 2 moisture regimes, 1.e. normal irrigation (3 irrigations at
branching, bolting and siliquae filling stages) and limited irrigation ( one irrigation at
branching stage). Results revealed that growth, development and yield of all Brassica
spp. were adversely affected under limited irrigation condition, This clearly indicates

that yield expression of Brassica spp. differs under varying soil water environment.

+/2.1.1 Plant Height

Véiﬂg ef al. (1993) found a relationship between irrigation levels and plant
height of Toria. In an experiment, plant height was increased with the increasing
levels of irrigation. Plant height was 120.5 cm with 2 irrigations at branching and
siliquae development stage and it was the highest compared to 113.0 emand 108.7 em

with one irrigation at branching stage and without irrigation respectively.

\\%ﬂ and Giri (1988) reported that plant height was found to be highest when
one irrigation at 30 DAS was applied. But two irrigations applied at 30 and 90 DAS
produced more plant height than under rainfed condition. There was a significant

relationship between irrigation levels and plant height.



(/ 2.1.2 Dry matter accumulation

Giri (2001) reported that dry matter per plant was not significantly increased
with irrigation treatments. He conducted two experiments to find out the effect of
irrigation on growth and yield of mustard. Dry matter production was 107.1 g plant”
with two irrigations at flowering and siliquae development stage, which was higher
than the dry matter produced with one irrigation at flowering stage but one mrigation,

produced higher dry matter than two irrigation.

"/Ram et al. (1999) studied the effects of irrigation ( at pre-flowering and
siliquae- setting stages. pre-flowering + 50% flowering + siliquae setting stages, pre-
flowering + 50% flowering + seed — filling stages, and pre-flowering + 30%
flowering + siliquae-setting + seed filling stages) on the dry matter production and
yield of Indian mustard cv. Pusa Bold. Irrigations once al pre-flowering + 50%
flowering + siliquae-setting + seed- filling stages gave the highest dry matter
production at 30 ( 1.2 g pre-flowering + 50% flowering + seed filling stages gave the
highest dry matter production at 90 DAS ( 74.0 g per plant) and at harvest (112.25 g
per plant) as well as the highest grain yield (15.99 g ha),

A field experiment was conducted by Mahal et al. (1995) during the Rabi
seasons of 1987 and 1988 at Ludhiana. Toria was irrigated at 50, 60 or 70% depletion
of available soil moisture. The dry matter of leaves, stems and siliquae increased with

irrigation at lower depletion levels.

_ﬁ’GilI and Narang (1993) observed distinct differences in dry matter production
after 70 DAS in case of mustard, when differential imgation schedule were
maintained. Three irrigations (one at 28 DAS and 2 at 80 mm CPE) produced
maximum dry matter, being significantly more than that produced by one and two

irrigations at all the growth stages.

-

«Faul and Begum (1993) showed that total dry matter weight of different
irrigation treatment at successive stage of growth of rapeseed was significant except
the first harvest (38 DAS). The plant receiving continuous irrigation throughout the

growing period had the highest dry weight while rainfed plant had the lowest total dry



weight. Among the remaining treatments, irrigation at 50% flowering stage proved to
be the most important single irrigation treatment. Two irrigations also increased dry

matter production.

Tomer ef al. (1992) found increased dry matter production in mustard with
increasing number of irrigation. They conducted an experiment with no irrigation, one
irrigation at pre- flowering and two irrigation (one at pre-flowering and one at
fruiting). Significant increase in dry matter was found up to two irrigation. The
maximum dry matter production was found to be 102.37 g with two irrigations while
one irrigation and contral (no irrigation) produced 90.61 g and 67.75 g dry matter per

plant respectively.

&% et al. (1991) found a significant difference in case of dry matter
accumulation in mustard with application of irrigation. One irrigation produced more
dry matter (33.2 g plant™) which was significantly higher than that was produced

without irrigation (47.0 g plant '}.

Saran and Giri (1988) found that dry matter in plant of mustard was
significantly increased with the increasing levels of irrigation. However, the
differences were not significant. Highest dry matter accumulation was found with two
irrigations. In some of cases, at the time of harvest dry matter was found to be the

highest with one irrigation.

fz.l.:'. Number of branches plant"

¢/ Singh et al. (1994) conducted a field trial with Brassica juncea irmgated at
50% flowering, at 50% flowering + 50% siliquae development, or given no post-
sowing irrigations. They found the maximum branching with increased irrigation

level,

‘ﬂTomet et al. (1992) concluded that branches per plant of rapeseed were
significantly increased with irrigation. Branches per plant were highest with two
irrigation compared to one irrigation or without irrigation (control). They reported that

branches per plant were 40.29 when two irrigations were applied at pre-flowering and



fruiting stage. When one irrigation was applied at pre-flowering stage it produced
33.00 branches per plant. The least number of branches (26.56) was produced at

control treatment.

Patel et al. (1991) found that irrigation produced higher number of branches of
mustard than unirrigated condition. In another experiment, one irrigation produced

significantly higher number of branches compared to unirrigated control.

Rathore and Patel (1989) found the number of branches plant” of mustard
increased with increased in irrigation frequency. Prasad and Ehsanullah (1988)
reported that number of primary branches of mustard was significantly increased with
irrigation levels. They found maximum number of primary branches (5.7) per plant
with two irrigations at 30 and 60 DAS which was followed by 4.3 and 4.1 with one
irrigation at 30 DAS and without irrigation respectively. No significant difference was

found among the irrigation treatments on primary branches plant " because of high

rainfall.

Saran and Giri (1988) reported the maximum number of branches per plant of
mustard with one irrigation at 30 DAS than two irrigations at 30 and 90 DAS
followed by no imigation. Seven (7.0) branches per plant were found with one

irrigation whereas, two irrigations and rainfed condition produced 6.4 and 5.4

branches per plant.

2.1.4 Number of siliquae plant”

/ Giri (2001) found that in case of two irrigation 277 siliquae were found in
mustard at flowering and siliquac formation stage followed by 324 siliquac per plant

with one irrigation at flowering stage. But the difference was not significant.

JShamw and Kumar (1989b) found in another experiment with mustard that the
number of siliquae plant 1 increased with increasing irrigation frequency, while
irrigation was applied with zero and one level at the rosette or at siliquae formation

stage.



2.1.5 Length of siliquae
v
Singh and Saran (1992) observed in an experiment with Brassica campestris

during the winter seasons of 1987-1989 that irrigation at TW and CPE ratio of 0.4 and
0.2 (two and one irrigation, respectively) gave average siliquae length of 6.1 and 6.2
cm, respectively compared to 5.5 cm from the control treatment. Final plant height,
leafearea index (60 DAS) and dry matter ha'' changed favorably with an increasing in
irrigation regime up to 0.4 IW : CPE ratio, whereas, siliquae length significantly

increased only up to 0.2 IW : CPE ratio.

3.1.6 Number of seeds siliqua™

Patel et al. (2004) reported that one irrigation produced 463 siliquae per plant
while 327 siliquac were produced per plant without irrigation. Siag ef al. (1993) found
that when two irrigations were given either at branching and siliguae development or
at branching and flowenng stages recorded a significant increase in siliqua plant™.
The highest number of siliquae (261) was found with two irrigations at branching and

siliquae development stages.

Tomer ef al. (1992) conducted an experiment to observed the effect of
irrigation on the growth and yield of mustard (Brassica junecea). They tested three
irrigation treatments viz. no irrigation, one irrigation (at pre-flowering stage) and two
irrigation (one  at pre-flowering stage and one at fruiting stage). Maximum number of
siliquae (523.16) was found per plant when two irrigations were applied. One
irrigation and without irrigation produced 422.83 and 332.45 siliquae per plant

respectively,

Tamer et al. (1992) reported that secds per silquae were also significantly
increased with irrigation. Maximum number of seeds per siliqua were found when
two irrigations were applied (one at pre-flowering stage and one at fruiting stage). A
siligua produced 12.36 seeds on an average when two irrigations were applied while

one irrigation and without irrigation produced 10.81 and 8.02 seeds siliqua”

respectively.
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Sharma and Kumar {1989a) conducled an experiment with Brassica juncea cv.
Krishna and irrigated the erop with two levels. They observed that number of seed
siliqua”’ was highest, when irrigation was applied at irrigation depth and cumulative
pan evaporation ratio of 0.6. Number of seed siliqua™ was lower with irrigation to

ratio of 0.4 or without irrigation.

Prasad and Ehsanullah (1988) found an increasing trend of seeds siliqua” in
mustard with irrigation levels. The maximum number of seeds (12.0) per siliqua were
found when irrigation was applied at 30 and 60 DAS. It was followed by irrigation at

30 DAS and without irrigation which produced 10.8 and 10.0 seeds siliqua™.

Saran and Giri (1988) found that maximum siliquae per plant were produced
with two irmgations at 30 DAS and 90 DAS, which was identical with the number of
siliquae, produced without irrigation (control), One mrrigation at 30 DAS produced

lower number of siliquae than unirrigated control and two irrigations.

2.1.7 Weight of 1000 seeds

\o/l" omer et al. (1993) reported that maximum weight of 1000 seed was found
when one irrigation was applied during pre-flowering stage and another one during

fruiting stage. Least weight of 1000 seed was found without irrigation.

Sharma and Kumar {1989a) observed that 1000 seed weight and seed yield
were higher, when irrigation was applied at irrigation depth and cumulative pan
evaporation ratio of 0.6. Thousand seed weight and seed yield were lower with
irrigation to a ratio of 0.4 or without irrigation. Sarker and Hassan (1988) also

reported increased 1000 seed weight with increasing levels of irrigation.

Thousand seed weight did not significantly differ with irmgation (Saran and
Giri, 1988). One irrigation applied at 30 DAS produced 1000 seed weight of 5.2 g,
which was same to the 1000 seed weight found from two irrigations at 30 DAS and 90
DAS. Lowest weight of 1000 seed was found without irrigation but the difference was

not significant.



Prasad and Ehsanullah (1988) reported that irrigation significantly increased
the 1000 seed weight. They found maximum weight of 1000 seed (4.6 g) from the
application of two irrigations at 30 and 60 DAS. The lowest weight of 1000 seed (4.0
g) was found in rainfed condition (without irrigation) which was lower than the

application of one irrigation at 30 DAS that produced 4.2 g.

2.1.8 Seed yield

Different scientists observed that yield of rapeseed and mustard crop increased
with irrigation levels due to improvement of yield components like number of
branches plant” . number of siliquac plant” , number of seeds siliqua™ and 1000 seed
weight. Singh ef al. (1997) reported that the stages most sensitive to water stress were
the seedling stage followed by the flowering stage. Decrease in seed yield varied from
22.13 to 36.57 % when irmigation was applied at seedling and flowering stages, 17.98
to 32.43% when irrigation was applied at seedling and seed development stages, and
1.59 to 3.45% when irrigation was applied at the seed development stage compared
with irrigation applied at all these stages. However, early waler stress from flowering
lo seed development stages decreased the yield by 4.83 to 15.46% compared with

irrigation at all 3 stages.

\//E;umadder et al. (1997) studied the Brassica juncea cv. Bhagirathi with non
irrigated condition and irrigation at flowering or at flowering + seed formation stages

and found that seed yield was highest (1.49 t ha™) with 2 irrigations,

Mahal et al. (1995) reported that maximum seed yield (1.96 t ha™ in 1987 and
1.66 t ha' in 1988) was recorded with 2 irrigations (at 3-4 weeks and at 9-10 weeks
after sowing). Tiwari and Chaplot (1993) conducted a field experiment on the effect
of irrigation levels on mustard ( Brassica juncea cv. Yaruna) which was irngated at
vegetative, flowering, siliquae development or seed filling stage corresponding 3, 6, 9,
or 12 weeks after sowing ( WAS) or at various combinations of these dates. Seed
yields increased with increase in irrigation frequency. The highest mean seed yield of

1.09 t ha” was obtained from irrigating the crop at 3, 6 and 9 WAS,
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Sharma and Singh (1993) conducted an experiment with Brassica juncea cv.
Pusa Bold which was not imgated, imgated at the rosette stage ( 28-30 days after
sowing) , siliquae formation stage (55 DAS) or rosette siliquae formation stages. One
irrigation at the rosette stage gave significantly higher yields compared with one
irrigation at siliquae formation stage and unirrigated treatments. Gill and Narang
(1993) observed in an experiment with gobhi sarson that all growth parameters and
seed yield significantly increased, while irrigation was applied at 20 days after sowing

under cumulative pan evaporation of 80 mm.

Tomer et al. (1993} conducted an experiment to find out the effect ol imigation
levels on the growth and yield of mustard (Brassica juncea). They worked with three
irmgation treatments viz. no irrigation, one irigation (at pre-flowering stage) and two
irmgation {one at pre-flowering and another at fruiting stage). They concluded both
levels of irrigation significantly increased the seed yield over no irmigation.
Application of 2 irrigations (at pre-flowering and fruiting stage) out yielded 1

irrigation (pre-flowering stage).

Sharma (1991) conducted an experiment in the rabi seasons of 1986-1987 on
clay loam seil at Mandsaur, Madhya Pradesh of India and found that no tmgation, 1
irrigation at 15 or 30 days after sowing or 2 irrigations al 15 + 30 or 30 + 60 days after
sowing gave mustard ( Brassica juncea) cv. Varuna sced yields of 0.92, 1.05, 1.11,
1.28 and 1.47 t ha™, respectively, in 1986-1987 and 1.24, 1.46, 1.59 and 1.96 t ha™ in
1987-1988.

\/ﬁiug and Verma (1990) concluded that mustard ( Brassica juncea) given |
irrigation at the vegetative, flowering or siliquas development stage, or 2 or 3
irrigations, gave average seed yields of 1.67, 1.78, 1,90, 1.95-1.98 and 2.14 1 ha!

respectively.

Tomer and Singh (1990) studied the effects of 0, 1 or 2 irrigations on the yield
of Brassica juncea cv. Varuna. They found that increasing irrigation levels increased
seed and oil yields. In another experiment on mustard, Sharma and Kumar (1990)
observed that one or two levels of irrigation produced the seed yields of 1,11 and 1.37

t ha™', respectively in 1984-1985. The corresponding values were 1.26 and 1.38 t ha™
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in 1985-1986. Yields were obtained 0,95 and 0.71 t ha” without irrigation those years

respectively.

Rarihsr (1990) found in an experiment with mustard that the seed yield and
yield components were greater while imigation was applied at irrigation depth
cumulative pan evaporation ratio of 0.6. Tomer and Singh (1990) found that irrigating
Brassica juncea cv. Varuna at flowering or flowering and fruiting stages or not

irmigating, produced seed yields of 1.18, 1.45 and 0.83 t ha™ respectively.

Sharma and Kumar (1989b) observed Brassica juncea cv. Krishna was
unirrigated or given 1 irrigation at the rosette stage with or without 1 irrigation at
siliquae formation. Average seed yield ranged from 0.77 t ha™' without irrigation to

1.37 t ha™ with irrigation.

Rathore and Patel (1989} reported that mustard (Brassica juncea) gave
highest yields with 3 irrigations at branching, 50% flowering and seed filling,
followed by 2 irrigations at branching and 50% flowering , and irmigation at late
branching. Parihar and Tripathi (1989) gave irrigation to mustard (Brassica juncea)
with six c¢m irrigation and found that average yields were 0.69, 1.00 and 1.03 t ha' in

irrigation depth and cumulative pan ratios of 0.4, 0.6 and 0.8 respectively.

Lal et al. (1989) irrigated mustard cv. Varuna with one to three levels al
different growth stages in one of their experiment. They found that application of one
level irrigation at flowering stage gave the highest seed yields. They further observed
that irrigation with one to three levels gave seed yields of 1.11-1.36 1 ha where seed

vield 0.97 1 ha'' were obtained under rainfed conditions.
Sharma and Kumar (1989h) found in another experiment with mustard that
seed yield increased with increasing irrigation frequency, while irrigation was applied

with zero and one level at the siliquae formation stage.

Lal et al. (1989) reported that mustard (Brassica juncea cv. Varuna) gave seed

yields of 1.11-1.36 t ha” with 1-3 irrigations applied at different growth stages,

12



1

compared with 0.97 t ha” under rainfed conditions. Applying one irrigation at the

flowering stage gave the highest yields.

Rathore and Patel (1989) reported that mustard (Brassica juncea) gave highest
seed yields with 3 irrigations at branching, 50% flowering and seed filling, followed
by 2 irrigations at branching and 50% flowering , and irrigation at late branching,
Sarkar et al. (1989) reported that mustard irrigated at flowering stage produced the
highest seed vield and this was followed by the plants irrigated at vegetative and

siliquae filling stages,

%lo!e and Sharma (1988) conducted a field experiment on clay loam soils 1o
study the effect of irrigation schedule and found that yield was highest with two

irfigations one at branching one other at siliquae development stage.

Prasad and Eshanullah (1988) pointed out in an experiment in 1983-1985 with
Brassica juncea that two irrigations with six cm irrigation at irrigation water depth
and cumulative pan evaporation ratio of 0.8 or at 30 and 60 DAS gave seed yields of
1.81-1.83 t ha”! compared to 1.18-1.49 t ha” with one irrigation and 0.99-1.05 t ha’
without irrigation. Results obtained by Mondal et al. (1988) from a field experiment
with Brassica juncea cv. T-59 irrigated with 4 levels revealed that the maximum
yields with one irrigation at flowering and siliquae development stages were 2.56 and
2.46 t ha! and with three irrigations supplied at pre-flowering, early and late siliquae

stages were 2.06 and 2.10 t ha” respectively.

Sarker and Hassan (1988) made an experiment with Brassica juncea at two
locations in Bangladesh. They irrigated the crop al one to six levels commencing
20-25 DAS and observed the highest seed yield of 1.29 t ha'' with three levels of

irrigation and 1.18t ha™! with five irrigations.

Sharma and Giri (1988) reported that Brassica juncea grown with 0-80 kg N
ha”! under irrigated conditions and one-two irrigations gave similar seed yields of
0.8-1.5 t ha'' in 1984-1985 and 1.40-1.50 t ha'' in 1985-1986. Sharma and Kumar
(1988) irrigated mustard (Brassica juncea) with 60 em water depth and cumulative
pan evaporation ratio of (.4 or 0.6 (one and two irrigations respectively) and reported
the seed yields of 1.31 and 1.46 1 ha” in 1984-1985 and 1.03 and 1,23 t ha™ in 1985-
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1986 respectively compared with respective yields of 0.82 and 0.71 t ha” under

rainfed conditions.

Mondal et al. (1988) conducted a field trials in the rabi (winter) seasons on
Brassica juncea cv. T-59 was sown in the 1¥ week of November and given 1-4
irrigation treatments (1-4 trrigations at pre-flowering, flowering, early siliquac or late
siliquae developmental stages). Maximum yields with | irrigation at flowering were
1.81 and 1.85 t ha” with 2 irrigations at flowering and late siliquae stages were 2.56
and 2.46 t ha”', and with 3 irrigations supplied at pre-flowering, early and late siliquae

stages were 2,06 and 2.10 t ha'.

Hasan et al. (1988) conducted a field experiments in 1986-1987 at 2 locations
in Bangladesh, mustard (Brassica juncea) was given no irrigation, 1 irrigation 20-25
DAS (1, or I, together with later irrigation when IW: CPE (irmgation water depth and
cumulative potential evaporation ratio} reached at 0.2, 0.4, 0.6, or 1.0. Highest seed
vield of 1.29 1 ha'' resulted from irrigation at I, and 2 irrigations when IW: CPE was
0.4 at | location, whereas at the other location the highest seed yield of 1.18 t ha™'

resulted from irrigation at 1; and 4 irrigations when IW : CPE was 1.0,

Reddy and Sinha (1987) observed in an experiment with Brassica juncea in
rabi seasons of 1983-1985 that irrigation at IW and CPE ratio of 0.6 and 0.3 ( three
and one irrigation, respectively) gave average seed yields of 1.79 and 1.64 t ha™
respectively compared to 1.5 t ha” from the rainfed crops. Haque ef al. (1987)
observed that yield increase was highly significant for two imrigations, one at the early

vegetative stage and the other at the initial siliquae formation stage.

Roy and Tripathi (1985) rcported that the growth characters and yield of
Brassica juncea wWere signiﬁcanti}f increased with irmigation at IW: CPE (Irmgation
water depth: cumulative pan evaporation ratio) of 0.6 compared to irrigation at
IW:CPE ratio of 0.4. Yield was positively associated with number of branches and

siliquae plant”, number of seeds siliqua™ and 1000 seed weight.



Roy and Tripathi (1985) found that, in multiple correlation analysis , yield was
positively associated with number of branches and siliquae plant” , number of seeds

siliqua”’ and 1000-seed weight and the yield was greatly influenced by irrigation.

Singh (1983) found in an experiment with mustard (Brassica juncea) grown
with a pre-sowing irrigation in the Rajastan arid zone of India that irrigation at the
pre-flowering stage increased the yield of mustard from 0.62 to 1.17 t ha. But the

irrigation given at siliquac formation stage did not further increase seed yields.

2.1.9 Stover yield

‘/gtlﬂ‘r'ﬂl' yield was found to be higher with the application of irrigation in
mustard (Patel et al., 1991). Maximum straw yield (17.0 q ha™) was found with one

irfigation compared to unirrigated control which produced only 12.8 q ha™.

Saran and Giri (1988) reported that irrigation significantly increased the total
biomass vield of mustard in the year 1984-1985. The maximum yield of biomass
(54.0 q ha™) was produced with two irrigations applied at 30 DAS and 90 DAS. One
irrigation at 30 DAS produced 52.5 q ha™' biomass which was significantly lower than
the highest yield. The lowest biomass yield (44.1 q ha™) was found when no irrigation

was applied.

2.1.10 Harvest index

‘-/S]u-iva:;tava et al, (1988) observed in an experiment with mustard (Brassica
juncea) cv, Varuna that two irrigations at pre-flowering and seed development stages
gave higher harvest index. They also observed that irrigation at pre-flowering stage
gave higher harvest index than that was given by irrigation at seed development stage
or without irrigation. However, information is very scarce regarding to the effect of

irrigation on harvest index of rapesced.

2.1.11 il content

/gingh and Saran (1992) observed in an experiment with Brassica campestris
during the winter seasons of 1987-1989 that irrigation at I'W and CPE ratio of 0.4 and

0.2 (two and one irrigation, respectively) gave average oil content of 43.2 and 43.0 %
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respectively compared to 43.3 % [rom the control treatment. They observed that there

was no significant effect of irrigation levels on oil content,

2.2 Effect of nitrogen

2.2.1 Plant height

Sinha et al. (2003) fertilized rapeseed cv. B-9 plants with 0, 30, and 60 kg N
ha™' under irrigated or non-irrigated condition in a field experiment. They observed
that plant height increased with increasing rate of nitrogen and were higher under
irrigated than non-irrigated condition. Singh ef al. (2002) also reported that plant

height increased significantly with successive increase in nitrogen up to 120 kg ha™'.

BARI (1999) conducted trial in two different regions of Bangladesh, at
Joydebpur and Ishwardi to justify the effect of N on yield of mustard. The experiment
kept 3 levels of nitrogen 0, 120, 160 kg ha™ and plant height was found 87.78, 113,94,
106.46 cm, respectively at Joydebpur and 90.79, 118.46, 113.69 cm at Ishwardi. The
highest plant height was found in both the locations at 120 kg N ha''.

Brar et al. (1998) observed that each successive increase in nitrogen doses
from 100 to 200 kg N ha™', there was significant increase in plant height. This might
be due to the fact that nitrogen plays vital role in both cell division and cell
enlargement. Islam and Mondal (1997) showed that application of nitrogen at the rate
of 0,100.200,300 kg ha™, the maximum plant height was found 93.6 cm at 300 kg N
ha™,

Ali and Ullah (1995) reported that with the application of different doses of
nitrogen and maximum plant height was obtain from at 120 kg N ha”. Singh and
Saran (1989) set an experiment with Brassica campestris var. Toria and applied

different doses of nitrogen. They found that nitrogen at the rate of 60 kg ha™ increased

plant height.
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Shamsuddin et al. (1987) working with five levels of nitrogen (0, 30, 60, 90
and 120 kg N ha‘j} and four levels of irrigation, observed that plant height increased
progressively with the increasing levels of nitrogen but was not significantly different
with the application of different levels of nitrogen. Nitrogen at the rate of 120 kg ha!
gave the highest plant height. Mondal and Gaffar (1983) observed highest plant height
of the variety ‘Sampad’ by the use of 140 kg N ha™', which was identical with 105 kg
N ha™,

2.2.2 Dry matter accumulation

Sinha et al. (2003) fertilized rapeseed cv. B-9 plants with 0, 30, and 60 kg N
ha' under irrigated or non-irrigated condition. They observed increased dry matter

accumulation with increasing rate of nitrogen application.

Shukla et al. (2002b) conducted an experiment 1o study the integrated nutrient
management for Indian mustard (B. juncea). They found highest total dry matter at
the application of 120 kg N ha™'. Saikia et af. (2002) estimated that the total dry matter

significantly responsed with the increasing levels of nitrogen (0, 30, 90, 120 and 150
kg ha),

Singh et al. (2002) also concluded that dry matter accumulation plant™!
increased significantly with each successive increase in nitrogen level up to 120 kg
ha™'. Brar ef al. (1998) carried out a field trial and observed that application of 100,
150 and 200 kg N ha™' dry matter accumulation increased significantly up to 200 kg N

ha',

Patil et al.(1997) worked on Brassica campestris with 0, 40, 80 and 120 kg N
ha" and observed the changes in dry matter accumulation in various plant parts. They
reported that the application of nitrogen up to 120 kg ha' had an effect on the increase
in leaves, stems and siliquae during the entire period of crop growth, They also
reported the beneficial effect of nitrogen on dry matter accumulation for each
successive increase in nitrogen dose. Vyas et al. (1995) observed the effect of
nitrogen on the dry matter production of Indian mustard. They reported that an

increase in N rate increased the DM production.
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Patra er al. (1994) conducted field trial on mustard (Brassica juncea) cv.
Sarama. The crop was given 20 or 40 kg N ha™. They found maximum dry matter
accumulation after 90 days in mustard with 40 kg N ha”'. Sharma and Kumar (1989b)
showed that an application of 120 kg N ha” increased photosynthetic surface area
owing to greater accumulation of photosynthates and production of more dry matter in

Indian mustard,

2.2.3 Number of branches plant”

Number of branches per plant influences the yield of rapeseed-mustard and it
gradually increased with the increase in nitrogen fertilizers. Singh et al. (2003)
reported the effect of row spacing (30, 45 and 60 cm) and nitrogen rates (60, 120 and
180 kg ha'') and basis of N application (row and even application) on the performance
of Indian mustard cv. Basanti. They observed that N at 120 kg ha™ produced higher
number of branches per plant compared to 60 kg N ha™, The N level higher than 120

kg ha”' did not increase the number of branches per plant.

Tripathi and Tripathi (2003) performed an experiment to investigate the effect
of N levels (80, 120, 160 and 200 kg ha"} on the branches number of Indian mustard
cv. Varuna. Nitrogen was applied at 3 equal splits, at sowing, at first irrigation and 60
days after sowing. Results showed that the number of primary branches per plant

increased up to 200 kg N ha™'.

Shukla et al. (2002b) conducted an experiment to study the integrated nutrient
management for Indian mustard (B, juncea). They found that the highest number of
branches per plant was obtained with the application of 120 kg N ha''. Singh et al.
(2002) reported that primary and secondary branches per plant increased significantly

¥ 3 . * i -1
with each successive increase in nitrogen up to 120 kg ha™.

Sharma and Jain (2002) conducted an experiment with five levels of mitrogen
(0, 40, 80, 120 and 160 kg ha™') followed by the cropping system that the application
of 80 kg N ha™ resulted the highest number of branches (24.4) per plant. Mondal et al.
(1996) grew four rapeseed genotypes with five levels of nitrogen and observed that

number of primary branches per plant increased progressively with the increasing
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nitrogen doses and the highest number of primary branches per plant was obained
from the highest level of nitrogen (250 kg N ha™').

Tarafder and Mondal (1990) reported from an experiment conducting for
determining the effect of nitrogen and sulphur on seed yield of mustard (var. Sonali
Sarisha) and found that the number of branches per plant increased with the
increasing levels of nitrogen. The combination of nitrogen and sulphur fertilizers
significantly increased the number of primary branches per plant. Shamsuddin et al,
(1987) working with five levels of nitrogen (0, 30, 60, 90 and 120 kg N ha™') and four
levels of irrigation and observed that nitrogen at the rate of 120 kg ha” gave highest

number of primary branches per plant (5.03).

Patel et al.(1980) observed the highest number of branches plant™ at 50 kg N
ha among the four levels of nitrogen ( 0, 25, 50 and 75 kg ha™'). Primary and
secondary branches per plant significantly increased with the increase n nitrogen
levels from 0 to 100 kg N ha’' and the highest number of primary and secondary

branches per plant was observed with the highest level of nitrogen.

2.2.4 Number of siliquae pt:amt't

Ozer (2003) studied two cultivars (Tower and Lirawell) of rapeseed to
investigate the effect of sowing dates with four levels of nitrogen (0, 80, 160 and 240
ka N ha'}, He observed that adequate N fertilization is important in increasing
siliguae number per plant and observed highest siliquac number per plant of summer

oilsced rape at the rate of 160 kg N ha™.

Singh ef al. (2003) reporled from an experiment conducting for determining
the effect of row spacing (30, 45 and 60 cm) and nitrogen rates (60, 120 and 180 kg
ha'') on the performance of Indian mustard cv, Basanti. They observed that N at 120
kg ha” produced higher number of siliquac per plant (48.03), siliquac weight (2.09)
compared to 60 kg N ha™'. The N level higher than 120 kg ha' did not increase the

number of siliquae significantly.
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Sharma and Jain (2002} studied with five levels of nitrogen (0, 40, 80, 120 and
160 kg ha) followed by the cropping system that the application of 80 kg N ha”
resulted in the highest number of siliquae per plant (260.9). Singh et al. (2002) also
reported that siliquae per plant increased significantly with each successive increase

in nitrogen up to 120 kg ha™.

Shukla er al. (2002b) performed an experiment to observe the integrated
nutrient management for Indian mustard (Brassica juncea). They found that
maximum number of siliquae per plant was obtained with the application of 120 kg N
ha"'. Abadi et al. (2001) indicated that N had significant effect to increase the number

of silique per plant of rapeseed.

BARI (1999) investigated in a field trial application with 0, 80, 120, 140 N kg
ha and siliquae per plant were found 22.7, 42.0, 45.6, and 48.0 respectively.

Singh and Saran (1989) set an experiment with Brassica campestris var. Toria
and applied different doses of nitrogen. They found that nitrogen at the rate of 60 kg
ha™ increased the number of siliquae per plant. Shamsuddin ef al. (1987) working
with five levels of nitrogen (0, 30, 60, 90 and 120 kg N ha™') and four levels of
irrigation and observed that N at the rate of 120 kg ha'! significantly increased the

number of siliquae per plant.

2.2.5 Length of siliquae

Singh (2002) conducted an experiment with Varuna variety of mustard having
5 levels of nitrogen (0, 30, 60, 90 and 120 kg ha'l} and five levels of P (0, 15, 30, 45
and 60 kg ha™'). Application of N and P increased the length of siliqua. However, the
significant increase in length of siliqua was recorded up to 120 kg N ha'' with 60 ke I

ha™.
Shukla et al. (2002b) conducted an experiment to study the integrated nutrient

management for Indian mustard (B. juncea). They observed maximum siliquae length

with the application of 120 kg N ha"'. Singh et al. (2002) also reported that growth
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characters length of siliqua increased significantly with the successive increase in

nitrogen up to 120 kg ha™.

Singh and Saran (1992) set an experiment with Brassica campestris var. Toria
and applied different doses (0, 40 and 80 kg N ha™) of nitrogen. They found that
nitrogen application significantly increased the siliqua length up to 80 kg N ha™.
Effect of nitrogen was noticed only up to 40 kg ha' on yield attributes, such as
primary branches plant™, siluquae plant”’, siliqua length. Favorable effect of N on
these yield attributes can be explained that application of N resulted in higher leaf-

area index and dry matter accumulation and its translocation 1o reproductive parts.

2.2.6 Number of seeds siliqua™

Sharma and Jain (2002) conducted an experiment with five levels of nitrogen
(0, 40, 80, 120 and 160 kg ha™"y followed by the cropping system that the application
of 80 kg N ha”' resulted in the highest number seeds per siliqua (15.3).

Singh (2002) conducted an experiment with Varuna variety of mustard having
5 levels of nitrogen (0, 30, 60, 90 and 120 kg ha™) and five levels of P (0,15, 30, 45
and 60 kg ha™'). Application of N and P increased the number of seeds per siligua.
However, the significant increase in length of siliquae was recorded up to 120 kg N
ha™ with 60 kg P ha™'. Shukla e al. (2002b) conducted an experiment to study the
integrated nutrient management for Indian mustard (B. juncea). They obtained

maximum number of seeds per siliqua when nitrogen was applied at 120 kg ha™.

Generally, the number of seeds per siliqua increased with increasing levels of
N. Hossain and Gaffer (1997) observed that number of siliquae per plant, number of
seeds per siligua and 1000 seed weight varied significantly with mustard varieties and
the highest number of siliquae per plant and 1000 seed weight and grain yield were

obtained with 250 kg N ha™.
Tomar et al. (1997) worked with Indian mustard with 3 levels of nitrogen (60,

120 and 180 kg ha) and showed that yield attributes (siliquae per plant, seeds per

siliqua and 1000 seed weight) increased significantly with every increase in N up to
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180 kg ha”'. Due to enhanced growth attributes that diverted the photosynthates to
reproductive organs for the formation of large sized, more number of seeds of higher

seed weight that ultimately increased the yield ha™' .

Tarafder and Mondal (1990) reported from an experiment conducting for
determining the effect of nitrogen and sulphur on seed yield ol mustard (var. Sonali
Sharisa) and found that the combine effect of nitrogen and sulphur fertilizers

increased the number of seeds per siliqua.

2.2.7 Weight of 1000 seeds

Ozer (2003) studied two cultivars (Tower and Lirawell) of rapeseed 1o
investigate the effect of sowing dates with four levels of nitrogen (0, 80, 160 and 240
kg N ha™). He observed that adequate N fertilization is important in increasing 1000
seed weight in summier oilseed rape and suggested that the rate of 160 kg N ha™" will
be adequate for the crop to meet its N requirements. 1000 seed weight differs with

nitrogen levels that enhanced yield.

Singh (2002) conducted an experiment with Varuna variety of mustard having
5 levels of nitrogen (0, 30, 60, 90 and 120 kg ha"j and five levels of P (0, 15, 30, 45
and 60 kg ha). Application of N and P increased 1000 seed weight. However, the
significant increase in 1000 seed weight was recorded up to 120 kg N ha! with 60 kg
P ha'. Sharma and Jain (2002) conducted an experiment with five levels of nitrogen
(0, 40, 80, 120 and 160 kg ha™) followed by the cropping system that the application
of 80 kg N ha™' resulted in 1000 seed weight (3.55 g).

Shukla et al. (2002b) conducted an experiment to study the integrated nutrient
management for Indian mustard (8. juncea). They obtained maximum 1000 sced

weight with the application of 120 kg N ha™.

Singh and Saran (1989) set an experiment with Brassica campestris var, Toria
and applied different doses of nitrogen. They found that nitrogen at the rate of 60 kg
ha” increased 1000 seed weight. Shamsuddin et al. (1987) working with five levels of

nitrogen (0, 30, 60, 90 and 120 kg N ha™') and four levels of irrigation and observed
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that 1000 seed weight increased progressively with the successive increase of N rate

up to 120 kg ha™.

2.2.8 Seed yicld

Sinsinwar ef al. (2004) observed the increased seed yield of Indian mustard
with each increment of N fertilizer up to 60 kg ha!, beyond this the increase was
marginal. On an average, the increase in seed yield compared to the control was 33.3

and 83,8% with 30 and 60 kg N ha™ respectively.

Singh (2004) conducted a field experiment using blue green algae (BGA) and
Azolla in integration with graded levels of N fertilizer in rice followed by rapeseed.
Azolla were found better in seed yield with regard to the effect on subsequent crop of
rapeseed and the highest yield was recorded with higher dose of N (80 kg N ha''} in

integration with 4zolla.

Singh et al. (2003) reported from an experiment conducting for determining
the effect of row spacing (30, 45 and 60 cm) and nitrogen rates (60, 120 and 180 kg
ha"'} on the performance of Indian mustard cv. Basanti. They observed that N at 120
kg ha! produced higher seed vield (2.55 q ha') compared to 60 kg N ha"'. The N
level higher than 120 kg ha”, did nol increase the yield significantly.

Tripathi and Tripathi (2003) performed an experiment to inspect the effect of
N levels (80, 120, 160 and 200 kg ha™') on the yield of Indian mustard cv. Varuna.
Mitrogen was applied at 3 equal splits, at sowing, at first irrigation and 60 days after
sowing. Results showed that seed yield increased with increasing W levels up to 160
kg N ha™'. Singh and Prasad (2003) reported that 120 kg N ha gave the highest sced
yield (20.24 q ha™"). But the highest cost benefit ratio (0.85) was obtained with 180 kg
Nha'.

Kumar and Singh (2003) reported significant increase in seed yield (1617 kg
ha'') with nitrogen at 150 kg ha'!, Addition of 50 kg N ha™ resulted in producing 8.62
kg of seed per kg of N applied. The maximum yield (24.51 g ha"j was obtained from
20-25 October sown crops with 40 em row spacing and supplied with 150 kg N ha™.
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Khan ef al. (2003) studied the interactive effect of nitrogen (0, 40, 60 and 80
kg ha'') and plant growth regulators (cycocel and ethrel both at 200 or 400 ppm) on
the photosynthetic biomass production and partitioning in response of seed yield of
indian mustard cv. Alankar and found that 80 kg N ha” and ethrel at 200 ppm

increased the seed yield.

Ozer (2003) studied the effect of sowing dates with four levels of nitrogen (0,
80, 160 and 240 kg N ha™) on two cultivars of rapeseed. He observed that adequate N
fertilization is important in vield formation in summer oilseed rape and suggested that
the rate of 160 kg N ha” will be about adequate for the crop to meet its N

requirements.

Sharma and Jain (2002) conducted an experiment with five levels of nitrogen
(0, 40, 80, 120 and 160 kg ha™') followed by the cropping system that the application
of 80 ke N ha”' resulted in the highest seed yield (1649.22 kg ha™"). The highest values
of seed yield and yield attributes were recorded for S. eanabina — Indian mustard
receiving 80 kg N ha'. Shukla e al. (2002a) also conducted an experiment to
investigate the effect of 5 (0 or 40 kg ha™') and N (60, 90 or 120 kg ha"} on the yield
and yield attributes of rape cultivars. Sulphur did not significantly affect the seced
yield and yield attributes. But N at 120 kg ha™ produced higher seed yield than N at

60 and 90 kg ha™.

Singh (2002) conducted a study with variety Varuna of mustard having 5
levels of nitrogen (0, 30, 60, 90 and 120 kg ha™') and five levels of P (0, 15, 30, 45 and
60 kg ha™'). Application of N and P increased the seed yield. However, the significant
increase in sced yield was recorded up to 120 kg N ha” with 60 kg P ha'. The
maximum seed vields (12,98 and 13.83 g ha”') were obtained with the application of

nitrogen at 120 kg ha™.

Shukla et al. (2002b) investigated the integrated nutrient management for
Indian mustard (B. juncea). They observed maximum seed yield per hectare with the

application of 120 kg N ha'.
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Ghosh ef al. (2001) conducted an experiment to study the response of 3 levels
of K (0, 12.5 and 25 kg ha™), 3 levels of N (0, 40 and 80 kg ha™') and biofertilizers
(Azotibacter, Azospirillion) under irrigated condition. Interaction between K and
biofertilizer and between biofertilizer and N were found significant in increasing the
yvield of rapeseed, They observed that maximum yield of rapeseed was obtained
followed by the yield obtained with 80 kg N ha™ along with 12.5 kg K ha™.

Sidlauskas (2000) found that the yield of rapeseed was increased with the
increasing rate of nitrogen levels up to 120 kg ha''. Further increase of nitrogen level

did not affect the seed yield.

BARI (1999) investigated with 4 levels of nitrogen (0, 80,120,140 kg ha™') on
different varietics of mustard and yields were found 493.3, §33.3, 940.0, 993.7 kg ha
respectively. Zekaite (1999) also reported that, the seed yield of rapeseed (0.88 ha™)
was obtained at a nitrogen fertilization of 90 kg ha'. Fertilization of nitrogen at 120

ke ha”' significantly increased the seed yield.

Patel (1998) conducted an experiment to study the response of mustard
(Brassica juncea) cv. Varuna to 3 levels of irrigation and 4 levels of mitrogen (0, 20,
40 and 80 kg ha™). He obtained seed yield averaged 0.43, 0.73, 0.95 and 1.21 t ha”
with 0, 20, 40 and 60 kg N ha™, respectively. Singh ef al. (1998) reported that seed
and oil yields as well oil component values were increased with increasing nitrogen

rates (0, 40, and 80 ke N ha™).

Shukla and Kumar (1997) reported that six varieties of Indian mustard were
grown to assess the effect of nitrogen fertilization on yield attributes, seed yield and
il content. They found that N application at 120 kg ha™ significantly influenced the
seed vield, Gurjar and Chauhan (1997) observed that Pusa Bold and Kranti were
grow in winter seasons at 5 N + P levels and at row spacing of 30 cm or 45 cm. They
found that seed yield did not differ between cultivars, was greater at 30 cm spacing

1.68 vs. 1,12 tha') and increased up to 75 kg N + 50 kg P05 ha’'.
(

Islam and Mondal (1997) in a feld trial showed that application of four levels
of nitrogen 0, 100, 200, 300 kg ha”' yielded 0.69, 1.29, 1.45, 1.21 t ha” seeds,
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respectively. They observed increased seed yield up to 200 kg N ha™'. Hossain and
Gaffer (1997) conducted a trial with 5 level of nitrogen at 0,100,150,200,250, kg ha”
on rapeseed and maximum yield was found 1.73 t ha! with 250 kg N ha™.

Thakuria and Gogoi (1996) conducted an experiment on Brassica juncea cv,
TM 2, TM 4 and Varuna to evaluate the effect of 2 row spacings with 4 levels of
nitrogen fertilizer (0. 40, 80 and 120 kg N ha). Seed yield and yield components
significantly increased with increasing N application up to 80 kg ha™'. Tuteja et al.
(1996) investigated the effect of nitrogen at 60, 90 and 120 kg ha™ on the vield of
Brassica juncea cv. Varuna. Seed yield was highest (1.12 t ha™) with 120 kg N ha".

Mondal er al. (1996) reported that the highest seed yield of rapeseed (1401
ha') was obtained from fertilizer levels of 150:90:100:30:4:1 kg ha of N, P05,
K-0, S, Zn and B with 6 tones of cow dung. This level of fertilizer was the most
profitable among the 5 levels of fertilizers. Arthamwar e al. (1996) conducted an
experiment with mustard variety (Pusa Bold and T-59) having both the 3 levels of N
(0, 50 and 100 kg ha™') and P»0s (0, 40 and 80 kg ha™). Result showed that highest
seed yield obtained with N at of 100 kg ha™ (1.20 t ha™") and 80 kg P,0s ha”' (125t

ha™).

Dobariya and Mehta (1995} also reported that increasing nitrogen rate [rom 23
to 75 kg ha'' increased seed yield from 2.07-2.41 1 ha''. Letu er al. (1994) also
reported that application of 3 levels of N at 0, 120, 160 kg ha™ produced the seed
yield of 1.3, 1.4 and 1.5 tha™, respectively.

Tarafder and Mondal (1990) set an experiment to evaluate the effect of
nitrogen and sulphur on seed yield of mustard (var. Sonah Sarisha) and found that
seed yield increased with increasing levels of nitrogen or both nitrogen and sulphur.
The results suggested that the nitrogen at the rate of 120 kg ha” did produce the

economic seed yield in mustard in the grey terrace soil of Joydebpur.

Perniona ef al. (1989) studied the effect of nitrogen (50, 100 and 150 kg ha™}

on winter rape and found that average seed yield increased with the increased rate of
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nitrogen at 150 kg ha. Singh and Saran (1989) set an experiment with Brassica
campestris var. Toria and applied different doses of nitrogen. They found that
nitrogen at the rate of 60 kg ha”' increased the seed yield. This dose gave seed yields
of 1.20 t ha' compared to 0.89 t ha” without nitrogen. A further increase in yield with

00 kg ha™ was not significant.

Shamsuddin er al. (1987) working with five levels of nitrogen (0, 30, 60, 90
and 120 kg N ha™') and four levels of irrigation and observed that different levels of
nitrogen did not significantly differed the seed yield. Nitrogen at the rate of 120 kg

ha" gave seed vield of 830 kg ha™.

Mondal and Gaffer (1983) conducted experiment with Sampad variety of
mustard having 5 levels of N (0, 35, 70, 105 and 140 kg ha"}l and four levels of PaOs
(0, 35, 70 and 105 kg ha''). The highest seed yield (1280.95 kg ha'l} was obtained
from N treatment of 140 kg ha” which was found identical with that of 105 kg ha™.

2.2.9 Stover yield

Prasad er al. (2003) reported the effect of N, S and Zn fertilizers on the
nuirient uptake, quality and yield of Indian mustard ¢v. Vaibhav. The treatments
consisted of 60 kg N ha™' singly or in combination with 30 kg P, 20 kg S, 5 kg Zn; 30
ke P+20kg S; 30 kg P+5keZn; 20 kg S +5 kg Zn; or 30 kg P+ 20 kg S + 5 kg
Zn/ha. N, P, S and Zn were applied through urea, diammonium phosphate, gypsum
and zinc oxide respectively. The application of 60 kg N + 30 kg P+ 20 kg 5 + 5 kg
Znand 60 kg N +30 kg P+20 kg S ha gave the highest stover yicld (33.08 g ha™).
Singh and Prasad (2003) also mentioned that 120 kg N ha” gave the highest stover
yield (12.22 q ha™).

Meena et al. {2002) conducted an experiment to study the effect of nitrogen,
irrigation and intercultural operation on yield and yield attributes of mustard. The
results of experiment revealed that the application of 60 kg N ha” registered
significantly higher stover yield of mustard over control. Singh er al. (2002) also
reported that stover yield increased significantly with successive increase in nitrogen

up to 120 kg ha™'.

27



2.2.10 Harvest index

Cheema et al. (2001) reported that increased fertilizer application up to 90 kg
N ha”' increased the harvest index. Kachroo and Kumar (1999) got higher harvest

index at higher I rates.

Shukla and Kumar (1997) grew six varieties of Indian mustard to assess the
effect of nitrogen fertilization on yield attributes, seed yield and oil content. They
found that N application at the rate of 120 kg ha” significantly influenced harvest

index.

Al et al (1996) observed that harvest index invariably increased owing to
increased rate of N application. Ali and Ullah (1995) obtained the maximum harvest

index in rapeseed with 120 kg N ha™'.

Srivastava et al. (1988) got higher harvest index in mustard with 90 kg N ha™
applied at the pre-flowering stage. Patel ef al. (1980) reported that highest seed yield
was achieved at the rate of 30 kg N ha due to the formation of higher harvest index

in rapeseed.

Harvest index or the capacity to convert biomass into harvestable organs has
been recognized as an important selection criterion for many crops (Donald, 1963).
Thus the increase in yield of cereals during past decades has been associated with the

improvement of harvest index. Nitrogen fertilizer influences the harvest index.

2.2.11 il content

Patel e al, (2004) conducted experiment to investigate the effect of irrigation
schedule, spacing (30 and 40 cm) ﬁnd N rates (50, 75 and 100 kg ha"} on the growth,
vield and quality of Indian mustard c¢v. GM-2. They reported that oil contents
decreased with increasing nitrogen levels. Saha er afl. (2003) also reported the highest
oil content at 30 kg N ha', Singh er al. (2004) conducted an experiment to study the
response of Indian mustard cv. T-59 to nitrogen and sulfur rates. Different levels of
nitrogen (0, 30, 60, 90 and 120 kg ha'') application did not differed the oil content in

mustard
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Prasad er al. (2003) reported the effects of N, S and Zn fertilizers on nutrient
uptake, quality and yield of Indian mustard (cv. Vaibhav).The application of 60 kg N
ha™' gave the highest oil content (39.98 %). Singh and Meena (2003) conducted a field
experiment to determine the effect of N fertilizers (20, 40, 60, 80 and 100 kg N h,zt'!‘_l
on the oil and protein yield of Indian mustard ¢v. Varuna. Pooled analysis of data
showed that 40 ke N ha™ gave the highest oil content (39.61%). The most profitable
rate of N was lound at 80 kg ha™'.

Meena and Sumeriya (2003) cammied out a study to evaluale the effect of
nitrogen (0, 30, 60 and 90 kg ha™') on oil content of mustard Brassica juncea.
Application of 60 kg N ha! gave the maximum oil (37.04%) content, compared to no
nitrogen application. Abadi e al. (2001) also indicated that N had a sigmficant effect

on oil content of rapeseed and mustard.

Shukla and Kumar (1997) investigated six wvarieties of Indian mustard
(Krishna, Varuna, Vardan, Kranti, Rohini and Pusa Bold) to assess the effect of
nitrogen fertilization on seed yield and oil content. A decreasing trend of oil content
was observed with the increase in N fertilization. Dubey er al. (1994) carried out an
experiment on B. juncea cv. Varuna and was given 0, 30, 60 or 90 kg N ha! under

irmgated condition. Seed oil content decreased by N application.
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2.3 Interaction effect of irrigation and nitrogen on the growth, yield and yield

attributes of rapeseed

2.3.1 Plant height

Tomar er al. (2001) conducted an experiment to studied on three imigations (at
30, 45 and 60 DAS), four levels of nitrogen (at 0, 60, 90 and 120 kg N ha™') and five
levels of P (0, 15, 30, 45 and 60 kg I ha™') on growth and yield of mustard. They
observed that the plant height significantly increased with the increasing levels of N

and P up to 120 and 60 kg ha™' with two levels of irrigation respectively.

Abadi ef al. (2001) reported that the plant height increased significantly with
successive mncrease in two levels of irrigation (at 30 and 60 DAS) with the application

of 120 kg Nha™.

Singh et al. (1998) conducted an experiment during winter {rabi) season of
1994-1995 and 1995-1996 with Indian mustard (Brassica juncea) to study the effect
of different fertility and irrigation levels on growth, vield and vield attributes.
Application of 120 kg N + 60 kg P2O; + 10 kg Zn + 90 kg S ha™ with two irrigation
fat 30 and 60 DAS) significantly increased the plant height.

Singh et al. (1997) conducted an experiment with four levels of irmgation (30,
435, 60 and 75 DAS) and five levels of nitrogen (0, 30, 60, 90 and 120 kg N ha']j on
Indian mustard. They observed that three irrigations (at 30, 45 and 60 DAS) along

with 120 kg N ha'' significantly increased the plant height.

2.3.2 Dry matter accumulation

Tomar et al. (2001) conducted an experiment to studied on three irmgations (at
30, 45 and 60 DAS), four levels of nitrogen (at 0, 60, 90 and 120 kg N ha™') and five
levels P (0, 15, 30, 45 and 60 kg P ha™') on growth and yield of mustard. They
observed that the dry matter production increased significantly with the increasing

levels of N and P up to 120 and 60 kg ha™" with two levels of irrigation respectively.
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Abadi er al (2001) reported that the dry matter production increased
significantly with successive increase in irrigation levels (at 30 and 60 DAS) with the

application of 120 kg N ha™.

Mondal et @l {2000) conducted an experiment and studied the response of
mustard (Brassica juncea) cv. Varuna to three levels of irrigation (at 30, 60, 75 DAS)
and four levels of nitrogen (0, 40, 80 and 120 kg N ha''}. Thé maximum dry matter
obtained by the application 2 levels of irrigation (at 30 and 60 DAS) along with 80 kg
N ha

2.3.3 Number of siliquae plant™

Tomar et al. (2001) conducted an experiment to studied on three irrigations (at
30, 45 and 60 DAS), four levels of nitrogen (at 0, 60, 90 and 120 kg N ha"} and five
levels P (0, 15, 30, 45 and 60 kg P ha) on growth and yield of mustard. They
observed that the number of siliquae plant” significantly increased with the increasing

levels of N and P up to 120 and 60 kg ha™' with two levels of irrigation respectively.

Singh ef al. (1998) conducted an experiment during winter (rabi) season of
1994-1995 and 1995-1996 with Indian mustard (Brassica juncea) 1o study the effect
of different fertility and irrigation levels on growth, yield and yield attributes,
Application of 120 kg N + 60 kg P,0s + 10 kg Zn -+ 90 kg S ha™ with two irrigations
(at 30 and 60 DAS) significantly increased the number of siliquae plant™

2.3.4 Number of seeds siliquac™

Meena ef al. (2002) conducted an experiment to study the effect of nitrogen,
irrigation and intercultural operation on yield and yield attributes of mustard. The
results of experiment revealed that two irmigation (at 30 and 50 DAS) with the

application of 120 kg N ha”' registered significantly higher seeds per siliquae.

Tomar et al. (2001) conducted an experiment to studied on three irrigations (at
30, 45 and 60 DAS), four levels of nitrogen (at 0, 60, 90 and 120 kg N ha') and five
levels P (0, 15, 30, 45 and 60 kg P ha™) on growth and yield of mustard. They

observed that the number of seeds per siliquae sigmificantly increased with the
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increasing levels of W and P up to 120 and 60 kg ha! with two levels of irrigation

respectively.

Singh et a@l. (1998) conducted an experiment during winter (rabi) season of
1994-1995 and 1995-1996 with Indian mustard (Brassica juncea) to study the effect
of different fertility and irrigation levels on growth, yield and yield attributes.
Application of 120 ke N + 60 kg P,Os + 10 kg Zn+ 90 kg 5 ha™! with two irmgations
(at 30 and 60 DAS) significantly increased the number of seeds per siliquae.

2.3.5 Weight of 1000 seeds

Tomar ef al. (2001) investigated the effect of three irrigations (at 30, 45 and 60
DAS), four levels of nitrogen (at 0, 60, 90 and 120 kg N ha"} and five levels of PP (0,
15, 30, 45 and 60 kg P ha™') on growth and yield of mustard. They observed that the
weight of 1000 sced significantly increased with the increasing levels of N and P up

to 120 and 60 kg ha™' with two levels of irrigation respectively.

Abadi et al. (2001) reported that the weight of 1000 seed increased
significantly with successive increase in two levels of irrigation (at 30 and 60 DAS)

along with the application of 120 kg N ha™.

Mondal et /. (2000) conducted an experiment and studied the response of
mustard (Brassica juncea) cv. Varuna to three levels of irrigation (at 30, 60, 75 DAs)
and four levels of nitrogen (0, 40, 80 and 120 kg N ha™). The maximum weights of
1000 seed were obtained by the application 2 levels of irmigation (at 30 and 60 DAS)
along with 80 kg N ha''.

Singh er al. (1998) conducted an experiment during winter (rabi) season of
1994-1995 and 1995-1996 with Indian mustard (Brassica juncea) to study the effect
of different fertility and imigation levels on growth, yield and yield attnbutes,
Application of 120 kg N+ 60 kg P.0Os + 10kg Zn +90 kg S ha™ with two irrigations
{at 30 and 60 DAS) significantly increased the weight of 1000 seed.
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2.3.6 Seed yield

Meena et al (2002) conducted an experiment to study the effect of nitrogen,
irrigation and intercultural operation on yield and yield attributes of mustard. The
results of experiment revealed that two irrigation (at 30 and 50 DAS) along with the

application of 120 kg N ha™' registered significantly higher seed yield.

Tomar ef al. (2001) carried out an experiment with three irrigations (at 30, 45
and 60 DAS), four levels of mitrogen {at 0, 60, 90 and 120 kg N ha"} and five levels P
{0, 15, 30, 45 and 60 kg P 11a"} on growlh and yield of mustard, They observed that
seed yield significantly increased with the increasing levels of N and P up to 120 and

60 kg ha™' with two levels of irrigation respectively.

Mondal et al. (2000} conducted an experiment to study the response of
mustard ( Brassica juncea) cv. Varuna to three levels of irrigation (at 30, 60, 75 DAS)
and four levels of nitrogen (0, 40, 80 and 120 kg N ha™'). The highest seed vields were
obtained by the application 2 levels of irrigation (at 30 and 60 DAS) along with 80 kg
N ha''.

Singh et al. (1998) conducted an experiment during winter (rabi) season of
1994-1995 and 1995-1996 with Indian mustard (Brassica juncea) to study the effect
of different fertility and irrigation levels on growth, yigld and yield attributes.
Application of 120 kg N + 60 kg P,0s + 10 kg Zn + 90 kg S ha”' with two irrigations
(at 30 and 60 DAS) significantly increased seed yield.

Singh er al. (1997) conducted an experiment with four levels of irrigation (30,
45, 60 and 75 DAS) and five levels of nitrogen (0, 30, 60, 90 and 120 kg N Im"} on
Indian mustard. They obiserved that three irrigations (at 30, 45 and 60 DAS) along

with 120 kg N ha™' significantly increased seed yield,
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Chapter 3

MATERIALS AND METHODS

The experiment was undertaken to examine the influence of imrigation and

nitrogen on the yield of rapeseed (Brassica napus).

3.1 Location

The research was conducted at the Agronomy field of Sher-e-Bangla
Agricultural University, Dhaka-1207, during the period from October 2005 to
February 2006.

3.2 Site selection

The experimental field was located at 90"22° E longitude and 23°41° N
latitude at an altitude of 8.6 meters above the sea level. The land was in Agro-
ecological zone of “Madhupur Tract™ (AEZ No. 28). It was Deep Red Brown Terrace
soil and belonged to “Nodda” cultivated series. The soil was sandy loam in texture

having pH 5.47 - 5.63. The physical and chemical characteristics of the soil have been

presented in Appendix L

3.3 Climate

Cold temperature and minimum rainfall is the main feature of the Rabi season.
Monthly total rainfall, average sunshine hour and temperature during the study period

(October to February) are shown in Appendix I

3.4 Variety

BARI Sharisha-8 (Brassica napus) was used in the experiment as the test crop.
Its leaves are deep green, smooth and hairless and look like leaves of cauliflower.
Leaves are without petiole and base of the leaf clasped half of the stem. Open flower
lies below the bud. In each plant there are 60 to 70 siliquae. Siliqua is long, two
chambered and each siliqua contains 25-30 seeds. Seeds are big and 1000 seed weight

is 3.5 g. Seeds are blackish in colour. Plant height is 0.8 to 1.0 m. There are 4-5
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primary branches per plant. Flowers are yellow in colour, First flower 1s seen after 25-
30 days of sowing. Duration of flowering stage is longer than the other varieties. It
takes 95-100 days to mature. Per hectare yield ranges from 2100 to 2400 kg/ha. The
sced was collected from the Oilseed Research Centre, Bangladesh Agricultural
Research Institute, Gazipur-1701. Before sowing, germination test was carried out in

the laboratory and percentage of germination was over 95.

3.5 Lay out of the experiment

The experiment was laid out in a split plot design with three replications.
Irrigation treatments were applied in main plot and nitrogen treatments in sub plot.
There were 4 irrigation treatments and 4 nitrogen fertilizer treatments for rapeseed. In
the experiment, there were 3 replications and the total numbers of plots were
16x3=48. The size of each unit plot was 2. 7m*4m=10.8 m’. The replications were

separated from one another by 1 m. The distance between plots was 1 m.

3.6 Irrigation treatments under investigation

There were 4 irrigation treatments in the experiment. The treatments were

Iy = Ne irrigation

1y = One irmigation at 30 DAS

I; = Two irrigation at 30 and 50 DAS; and
1;= Three irrigation at 30, 50 and 65 DAS.

Irrigations were given as per treatments. First irrigation was given at 14
December 2005 (30 DAS) in the plots according to treatments. The second irrigation
was given at 03 January 2006 (50 DAS) in the plots as required by the treatments. The
third or final irrigation was given at 18 January 2006 (65 DAS) in the plots as
required by the treatments. Irrigation was done by check basin method. After first

imigation at joe condition all the plots were spaded umiformly and carefully to

conserve the moisture.

3.7 Fertilizer treatments

There were 4 Nitrogen fertilizer treatments in the experiment. The standard

rate of P,Os @ 86 kg ha™', K20 @ 60 kg ha™, Sulphur @ 32 kg ha™', zinc oxide @ 5
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kg ha™ and Boric acid @ 10 kg ha™ were applied to all the plots (BARI, 2001). There
were four levels of N:

Ny= Control

N;=40 kg N ha”

Na= 80 kg N ha™ and

N;=120 kg N ha™'

3.8 Details of the field operations

The particulars of cultural operations carried out during the experimentation

are presented below.

3.8.1 Land preparation

The land was ploughed with a rotary plough and power tiller. Ploughed soil
was then brought into desirable fine tilth and leveled by four of ploughing operations
and repeated laddering. The land was fallow, so the weeds of fallow land were
cleaned properly. The final ploughing and land preparation was done on November

12, 2005.

3.8.2 Application of fertilizer

The amounts of fertilizer in the forms of urea, triple super phosphate, muriate
of potash, gypsum, zinc oxide and boric acid required per plot were calculated from
fertilizer doses. During final land preparation onc - half of urea and total amount of all
other fertilizers were applied and incorporated into soil. Rest of the urea as per

treatment was top dressed afier 30 days of sowing (DAS).

3.8.3 Sowing and seed rate

Seeds were sown continuously in 30 em apart in rows at the rate of 9 kg ha
on good tilth seil condition to conserve moisture, which ensured satisfactory
germination of seeds, After sowing; the sceds were covered with the soil and slightly
pressed by hand. Plant populations were kept constant through maintaining plant-to-

plant distance 5 ¢cm in rows.
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3.8.4 Thinning and weeding

The optimum plant population was maintained by thinning 15 DAS. At final
thinning plant spacing within rows was maintained 5 cm plant te plant distance in
rows. Thinning was done in the entire plots with special care as to maintain a constant
plant population in the entire plot. One weeding with khurpi was given 25 days after

SOWINgE.

3.8.5 Pest and disease management

The crop was sprayed with Malathion 57 EC @ 2 ml per litre of water, al

siliquae formation stage to control aphids.

3.8.6 Harvesting and threshing

The crop was harvested when 80% of the siliquae in terminal raceme turned
golden yellow in colour. The erop maturity varied with fertilizer and irrigation
treatments. Samples were collected from different places of each plot leaving
undisturbed one meter square in the cenire. After collecting sample plants, harvesting
was started on February 20 and completed on February 25, 2006. The harvested crops
were tied into bundles, tagged and carried to the clean cemented threshing floor. The
crop bundles were sun dried by spreading those on the threshing floor. The seeds were

separated from the plants by beating the bundles with bamboo sticks.

3.8.7 Drying and weighing

The seeds thus collected were dried to 6-8 % moisture contents. The stovers
were also dried in the sun. Dried seeds and stovers of each plot was weighed and

subsequently converted into kg ha''.

3.9 Collection of experimental data

For the convenient of collecting data, ten plants per plot were randomly
selected and tagged for recording various yield contributing characters and yield. But
for estimation of total dry matter, five plants were selected per plot for each time {30,

45, 60, 75 DAS and at harvest) at different growth stages of plant.
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3.9.1 Plant height (cm)

At different stages of crop growth for all treatments the height of five
randomly selected plants were measured from the base to the tip of the plant and
mean plant height was determined. The plant height was measured at 30, 45, 60, 75

DAS and at harvest,

3.9.2 Dry matter (g/plant)

Dry matter at 30, 45, 60, 75 days after sowing and at harvest was observed and

average was recorded.

3.9.3 Number of primary branches plant”

The primary branches were counted from the ten tagged plants in each plot at

harvest and average was taken.

3.9.4 Number of secondary branches plant”

The ten tagged plants in cach plot were also used for counting the number of
secondary branches at harvest. The secondary branches which bome at least one
siliqua, were termed productive secondary branches and these were counted at harvest

and expressed on per plant basis.

3.9.5 Length of main inflorescence (em)

The ten tagged plants in each plot were also used for measure the length of
main inflorescence, The main axis length represents the section of plant from point of
initiation of first siliqua of most branches is termed as main inflorescence. These

lengths were measured at harvest and expressed on main inflorescence basis.

3.9.6 Number of siliquae in the main inflorescence

Number of siliquac for each main inflorescence of ten tagged plants was

counted at harvest.
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3.9.7 Number of siliquae plant”

The number of siliquae from ten tagged plants were counted afier the harvest

and expressed on per plant basis.

3.9.8 Length of siliqua (cm)

Length of ten siliquac was randomly collected from the ten tagged plants and

average length per siliqua was calculated.

3.9.9 Number of seeds siliqua™

At the time of counting the number of siliquae, all the siliquae of ten plants
were thoroughly mixed and twenty siliquae were taken from this lot for counting the

seeds and was made average to find oul the number of seeds per siliqua.

3.9.10 Weight of 1000 seeds (g)

A composite sample was taken from the vield of ten tagged plants. 1000 seeds
of each plot were counted and weighed with a fine electric digital balance. The 1000

seed weight was recorded in g

3.9.11 Seed yield (kg ha™)

Im % 1m = Im" areas were selected in middle points of each plot for recording
seed yield per hectare. The total produce from the net area of each plot was cleaned,

weighted, and computed the seed yield in kg ha™',

3.9.12 Stover yield (kg ha™)

Before threshing, the total biological yield from the net area was recorded.
Later, the stover per net area of each plot was obtained by deducting the seed vield
per plot from the biological yield (seed+stover) per plot and used to compute the

stover yield in kg ha™.
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3.9.13 Harvest index (%)

Harvest index was calculated by dividing the economic (seed) yield from the
net plot by the total biological yield (sced+stover) from the same area (Donald, 1963)
and multiplying by 100:

Seed yield (t/ha)
Biological yield (t/ha)

Harvest index=

3.9.14 Qil content {%)

The il content of seed was determined by Soxhlet method (Hughes, 19635) in
percentage (%). This was done in Oilseed Research Centre, Bangladesh Agricultural

Research Institute, Gazipur-1701.

3.10 Soil sampling

Three composite soil samples were cellected within 15 cm depth of soil
profile, taking one from each block at first ploughing. Each composite sample was a
mixture of 10 samples obtained from ten different spots in each block. Collected
samples were air dred and ground to pass a 10-mesh sieve and stored in polvthene
bags for laboratory analysis. Soil analysis was done at Soil Resources Development

Institute (SRIDI).

3.11 Data analysis

The collected data were complied and analyzed by split plot design to find out
the statistical sigmihcance of expenimental results. The collected data were analyzed
by MSTAT software (Russell, 1986). The means for all recorded data were caleulated
and the analyses of variance for all characters were performed. The mean differences

were evaluated by least significant difference (LSD) test.
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Chapter 4

RESULTS AND DISCUSSION

The results of the present study have been discussed in this chapter.
Experimental results pertaining to the effects of different treatments viz. irrigation and
nitrogen levels on the yield of rapeseed during 2005-2006 are presented here. The
yield and yield components included plant height (cm), total dry matter per plant,
number of primary branches per plant, number of secondary branches per plant,
length of main inflorescence, number of siliquae in main inflorescence, number of
siliquae per plant, siliqua length, number of seeds per siliqua, 1000 seed weight, seed
yield ha'', stover yield ha” and harvest index have been presented in different tables
and figures. Chemical composition of some Brassica oilseeds have been presented in
appendix 1Il. The analyses of variance in respeet of all the characters under study
have been presented in Appendix IV-VI. The detailed experimental findings have

been explained and discussed below with supporting references wherever passible.

4.1 Plant height (em)
4.1.1 Effect of irrigation

Significant variation was found among the irrigations (Table 1) for plant
height of rapeseed. The highest plant height at harvest was found from the treatment
Is (three irrigations), which was significantly different from the other treatments. The
lowest plant height was found from the control treatment (no irrigation) throughout
the life cycle. No significant difference was found between the treatment I; and 15
because the third irrigation was applied after 65 DAS. It might be due to the soil
moisture availability for the plant was sufficient before third time irmrigation at 65
DAS. Similar result was reported by Bihari et af. (1992). Sarker (1994) found tallest
plant with one irrigation while the smallest plant was found in without irrigation. This
finding was at par with the result of Saran and Giri (1988). Paul and Begum (1993)
also found that one irrigation at bud initiation stage gave maximum plant height at
harvest in mustard plant. Siag er al. (1993) reported maximum plant height when

irrigation was applied during branching and siliquae development stage.
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Table 1. Plant height (cm) of rapeseed at different days after sowing (DAS) as
affected by differcnt irrigation levels

Irrigation DAS
levels 30 45 60 75 At harvesi
— L 10.41 47.14 62.51 73.73 73.76
I 11.05 50.28 72.95 84.36 85.36
i I, 11.10 54,72 77.66 99.07 100.29
I; 11.27 56.12 79.88 103.10 104.46
LSD (at 5%) | NS 1.85 2.41 154 | 246 |

4.1.2 Effect of nitrogen

Each successive increase of nitrogen increased the plant height significantly. It
was observed from Table 2 that plant height varies due to variation of nitrogen at
different growth stages. Application of 120 kg N ha™ produced the tallest plant height
and the shortest plant height was produced due to control treatment. This might be
due to the fact that nitrogen plays vital role in both cell division and cell enlargement.
These findings are in agreement with those of Singh ef al. (2003), Tripathi and
Tripathi (2003), Singh et al. (2002). Tarafder and Mondal (1990) who obtained tallest
plant height of mustard with the application of N at 120 kg ha”. Patel (1998),
Shamsuddin e al. (1987), Gurjar and Chauhan (1997), Thakuria and Gogoi (1996)
revealed taller plant height at 140 ke N ha which was identical with that of 105 kg N
ha'. Maximum plant height was recorded at 100 kg N ha™ reported by Patel et al.
(2004).

Table 2. Plant height (cm) of rapeseed at different days after sowing (DAS) as
affected by different nitrogen levels

Nitrogen DAS |
levels 30 45 60 75 | At tmrves‘_[
Na 10.10 44 33 62.97 82.43 82,68
N 10.39 49 86 (.82 B6.06 86.96
N3 11.36 54.96 T71.59 93.78 04.92
N 11.99 50,11 82.63 98.00 99.30
LSD (at 5 %) NS 1.70 1.33 1.33 141
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4.1.3 Interaction effect of irrigation and nitrogen

The interaction effect of irrigation and nitrogen had remarkable effect on the
plant height of rapeseed (Figure 1). Significant differences of plant height were found
in every stages of growth except al the early stage (up to 30 DAS). This was due to
the slow growth rate and also for the reason of no irrigation before 30 DAS. Tt was
found from Figure 1 that the interaction of three levels of irrigations with 120 kg N
ha gave the tallest plant height viz. 12.53 cm, 65.09 cm, 89.05 cm, 113.60 cm and
114.77 cm at 30, 45, 60, 75 DAS and at harvest, respectively. Maximum plant height
was observed in the treatment Iz Ns (three irrigation and 120 kg N ha™'). The lowest
plant height was found from the treatment IN; (control). The plant response in terms
of height to the combined treatment was found higher in the middle of growth stage
(from 45 DAS to 75 DAS) because of better growth. The maximum plant height at
harvest (114.77 em) was obtained from the treatment I;N: which was statistically
similar with I;N; and IsN». Singh ef al. (1998), Tomar ef al. (2001) and Abadi ef al
(2001) obtained significantly taller plant height when two irrigations were apphied in
combination with 120 kg N ha”'. Singh er al. (1997) obtained significant taller plant
height by applying three levels of irrigations and N rates up to 120 kg ha.

|—¢—anms —m— 45 DAS B0 DAS - 75DAS —%— At harvest

Plant height {cm
ccBB8BEEBSEE

T T T 1

Ny Nz hNs Mo J:My e RNs Mo BNg kN2 lsNs
Treatment combination

loMNg IgMN; loMaz LMNs IiNg

Figure 1. Plant height of rapeseed at different days after sowing (DAS) as
affected by interaction effect of irrigation and nitrogen (LSD 0.05 = NS,
339, 2.67, 2.66, 2.82 at 30, 45, 60, 75 DAS and at harvest)
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4.2 Total dry matter (g/plant)
4.2.1 Effect of irrigation

Significant variation was found in total dry matter per plant with the time
among the different levels of irrigation excepl early growth stages. Distinct
differences were observed in dry matter production after 30 DAS when irrigations
were initiated (Table 3). These differences further increased at the successive stages.
Wright er al. (1988) expressed the similar observation. The total dry matter
production was increased with each increment of irrigation levels. At 45 DAS the
treatment I; (30, 530 and 65 DAS) produced the maximum dry matter which was
statistically similar with [} (30 DAS) and [; (30 and 50 DAS). At 60, 75 and 90 DAS
the highest dry matter accumulation was found from the treatment I (30,50 and 65
DAS) followed by 1; and ;. The I; treatment produced highest number of branches
which might have contributed in the accumulation of highest dry matter at those three
stages. It might be due to maximum plant height and stem thickness in this treatment.
The lowest dry matter was found from the control treatments. Siddqui (1999) reported
that regardless of population density, cumulation of TDM in rapeseed increased
progressively over time attaining a peak at 80 DAE to attain the physiological
maturity of the crop. The rate of increase in TDM, however, varied depending on
growth stage. TDM increased at a slow rate up to 30 DAE., A very sharp rise in TDM
production occurred from 20 to 60 DAS and thereafier the rate of increase was
comparatively low, Total dry matter showed a declining tendency after 80 DAS. This
was mainly due to leaf senescence and leaf abscission. Paul and Begum (1993) stated
that dry matter production was highest with one irrigation atl bud initiation stage. One
irrigation at 30 DAS produced higher dry matter than that of two irmgation because
there was no moisture deficiency in the soil. Tomer e al. {1992) noticed that dry
matter per plant was highest with two irrigations- one at pre-flowering stage and
another at fruiting stage. The lowest dry matter in plant was due to internal moisture
deficit that made the plants to have lower height and failed to increase growth
parameters due to lower net assimilation rate that adversely affected dry matter
accumulation in plants. Tomer e al. (1992), Saran and Giri (1988) also noticed
increasing trend of dry matter accumulation in mustard plant with increasing
irrigation levels, Giri (2001) found more dry matter weight per plant in mustard with

two irrigations than with one irrigation.



Table 3. Dry matter weight (g/plant) of rapeseed at different days after sowing
(DAS) as affected by different irrigation levels

Irrigation DAS |
levels 30 45 60 75 At harvest |
L 0.43 1.46 3.85 6.89 7.22 '

I; 0.57 2.38 5.60 9.88 10.41

I 0.60 2.39 7.78 14.36 15.43

I 0.61 2.49 8.02 16.37 17.74

LSD (at 5 %) NS 0.20 0.23 0.56 0.65

4.2.2 Effect of nitrogen

The dry matter per plant at 30, 45, 60, 75 DAS and at harvest was higher due
to nitrogen application. Each level of nitrogen significantly increased dry matter over
preceding level (Table 4). Nitrogen at 120 kg ha™ produced the highest dry matter per
plant (0.75 g, 2.97 g, 8.73 g, 15.95 g and 17.03 g at 30, 45, 60, 75 DAS and at
harvest) than 40 and 80 kg N application ha™ and also control. The yield of a crop
depends on the dry matter production and amount of dry matter partitioning into 1its
harvestable organ. The increase in the number of branches per plant may be ascribed
to the functional role of nitrogen in the plant body. The chief functions of N are cell
multiplication, cell elongation and tissue differentiation. With adequate supply of N
the plants grew taller, produced more functional leaves with higher chlorophyll
content, Thus photosynthesizing area might have increased resulting in greater
production of dry matter per plant. So, at any given lime the dry maitter accumulation
is a physiological index, which is closely related to the photosynthetic activity of
leaves. These findings confirm the observations of Kumar and Gangwar (1985),
Tomar and Mishra (1991) and Upasani and Sharma (1986). Bharati and Prasad
(2003),Vyas et al. (1995), Singh- et al. (2002), Shukla et al. (2002b), Murtaza and
Paul (1989), Mondal and Gaffer (1983) also obtained highest result at the rate of 120

kg N ha™ on dry matter production.
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Table 4. Dry matter weight (g/plant) of rapeseed at different days after sowing
(DAS) as affected by different nitrogen levels

Nitrogen DAS
levels 30 45 60 75 | Atharvest
Ng 0.37 133 2.89 7.31 7.83
N 0.48 k03 5.95 10.40 11.17
N2 0.62 2.49 7.68 13.83 14.76
N3 0.75 2.97 8.73 15.95 17.03
LSD (at 5 %) 0.01 | 0.10 0.20 0.36 0.43

4.2.3 Interaction effect of irrigation and nitrogen

It was revealed from Figure 2 that the combined effect of three levels of
irrigation (30,50 and 65 DAS) with 120 kg N ha™' gave the significant weight of dry
matler per plant at all growth stages (0.81, 3.49, 10.99, 20.77, 22.29 g per plant at 30,
45, 60, 75 DAS and at harvest respectively). Control treatment of imigation and
nitrogen gave the lowest dry matter production (0.26, 0.83, 1.86, 3.43 and 3.48 g per
plant at 30, 45, 60, 75 DAS and at harvest). The result is in confirmation with that of
Tomar et al. (2001}, Abadi ef al. (2001) who observed two irrigations and N at the
rate ol 120 kg ha™ increased the dry matter production per plant. Mondal et al. (2000)
obtained significantly higher dry matter production by applying two levels of

irfigations with 80 kg N ha™".

4.3 Number of primary branches plant™

4.3.1 Effect of irrigation

From the study it was [ound that irrigation had great influence on the number
of primary branches per plant in rapeseed (Figure 3). Number of irrigation
significantly increased the nwmber of primary branches per plant, The maximum
numbers of primary branches (3.66) were found from a plant subjected to three
irrigations (30, 50, and 65 DAS). The lowest numbers of primar-}' branches were
found from contrel treatment. Tomer et al. (1992) noticed significant increase in the

number of primary branches per plant up to two irmmigations. Rahman (1994) also
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reporied that two irrigations gave the highest primary branches per plant and the
lowest number of primary branches per plant was found in case of without irngation.
Probably irrigation water supported the plant to initiate more branches.

| ——30DAS 8- 45DAS 60DAS —»—T5DAS —¥— Atharvest|

Dry matter (g/plant)

Treatment combination

Figure 2. Total dry matter per plant of rapeseed at different days after sowing
(DAS) as affected by interaction effect of irrigation and nitrogen
{ LSD 0.05 = NS, 0.17, 0.40, 0.71, 0.86 at 30, 45, 60, 75 DAS and at

harvest)
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Figure 3. Number of primary and secondary branches per plant at harvest as
affected by different irrigation levels ( LSD0.05=023 & 0.25 at
primary and secondary branches per plant)
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4.3.2 Effect of nitrogen

Nitrogen fertilizer had significant effect on primary branches per plant. The
levels of nitrogen (80 and 120 kg ha™") produced higher number of primary branches
over control (Figure 4). Increasing rates of nitrogen increased the number of primary
branches per plant and successive treatment differences were also significant. So
number of branches per plant influences the yield of rapeseed and it gradually
increased with the increase in nitrogen fertilizers. This findings were supported by
Tripathi and Tripathi (2003), Ozer (2003), Singh et al. (2003), Sharma and Jain
(2002), Singh et al. (2002), Shukla er al. (2002b), Patel (1998), Taralder and Mondal
(1990), Shamsuddin er al. (1987), Mondal and Gaffer (1983) who obtained significant
higher number of primary branches per plant by applying nitrogen up to 120 kg ha™.

8 Pri branches
\J_Bjam ry branches

R

No. of branches/plant
S = W W & th oo

No Ny M2 Na
Nitrogen levels

Figure 4. Number of primary and secondary branches per plant at harvest
as affected by different nitrogen (LSD 0.05 = 0.13 & 0.16 at primary
and secondary branches per plant)
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4.3.3 Interaction effect of irrigation and nitrogen

It was observed that combined effect of irrigation and nitrogen had showed
significant difference to produce primary branches per plant. The effect of irmgation
inleracts better with nitrogen when suflicient moisture was supplied. In the study the
maximum number of primary branches per plant (4.78) was found from the
interaction between three irrigations (30, 50 and 65 DAS) with 120 kg N ha'. The
least number of primary branches (0.72) were found from the interaction of control

treatment (Figure 5),
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| 4.5 g
2 a4
S asl
5 3
c 2_5_' .
E a2 ¢ N
=] - 3
u= 1.5 - N
i - 2
° 4 ! N, Nitrogen
zn 0.5 1 levels
0

T L ls

Irrigation levels

Figure 5. Interaction effect of irrigation and nitrogen on the production of
primary branches per plant ( LSD 0.05=0.27 )
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4.4 Number of secondary branches plant’

4.4.1 Effect of irrigation

From the study, it was found that irrigation had great influence on the number
of secondary branches per plant in rapeseed (Figure 3). Number of imgation
significantly increased the number of secondary branches per plant. The maximum
numbers of secondary branches (4.87) were found from a plant subjected to three
irfigations (30, 50 and 65 DAS). The lowest numbers of secondary branches (0.57)
were found from control treatment. Tomer ef al. (1992) noticed significant increase in
the number of secondary branches per plant up to two irrigations. Rahman (1994) also
reported that two irrigations gave the highest secondary branches per plant and the
lowest number of secondary branches per plant was found in case of without

irrigation. Probably irrigation water supported plant to initiate more branches.

4.4.2 Effect of nitrogen

Nitrogen application favored to produce number of secondary branches per
plant (Figure 4). However, the significant increase was noted at the level ol 120 kg N
ha” compared to 40, 80 kg N ha” and control. Singh et al. (2003) and Singh et al.
(2002) obtained increased number of the secondary branches per plant with nitrogen
a1 120 kg ha”'. Ali and Ullah (1995) observed the similar trend of branches per plant
with the increase in nitrogen levels, Number of branches per plant was highly
responsive 1o nitrogen reported by Prakash and Verma (1997) and Ali and Rahman
(1986). But Sharma and Jain (2002) reported higher secondary branches per plant at
the rate of 80 kg N ha.

4.4.3 Interaction effect of irrigation and nitrogen

The treatment combination of irrigation and nitrogen had significant effect on
secondary branches per plant (Figure 6). In the present work, it might be concluded
that three irrigations (30, 50 and 65 DAS) and 120 kg N ha™ produced maximum
number of secondary branches per plant (6.74) and the lowest number of secondary

branches per plant (0.00) were produced from the control treatment,
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Figure 6. Interaction effect of irrigation and nitrogen on the production of
secondary branches per plant ( LSD 0.05=0.32 )

4.5 Length of main inflorescence

4.5.1 Effect of irrigation

From the study, it was found that imigation had significant effect on the length
of main inflorescence (Table 5). The length of main inflorescence significantly
increased with the increasing level of imrigations up to three irrigations. Three
irrigation levels (30, 50 and 65 DAS) produced highest length of main inflorescence
(66.74 cm) and lowest was found (42.39 cm) from the control treatment. Probably
favorable moisture regimes inflluenced the plants to produce more length of main

inflorescence.
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Table 5. Effect of irrigation on different parameters of rapeseed

4.5.2 Effect of nitrogen

Irrigation | Length of No. of No. of | Siliqua | No.of | Weight
levels main siliquae in siliquae | length | seeds | of 1000
inflorescece the main per {cm) per seeds
(cm) inflorescence | plant siliqua (2)
T 42.39 26.27 35.31 6.38 | 21.86 | 3.03
1, 58.52 41.70 79.45 Y2y | 2242 | 319
L 63.70 52,12 | 108.82 | 7.62 | 25.83 | 3.26
I3 66.74 58.01 136.24 7.65 27.20 | 3.36
LSD (at 5%) 1.55 337 3.96 020 | 115 | 015 |

Nitrogen fertilizer had significant effect on the length of main inflorescence.

The rate of 80 and 120 kg N ha” showed significant effect on length of main

inflorescence (63.35 and 65.11 cm respectively) and control gave the lowest one

{50.30 cm) (Table 6). However, the differences between 80 and 120 kg N ha™ were

not found significant, The main functions of N are cell multiplication, cell elongation

and tissue differentiation. With adequate supply of N the plants grew taller, produced

more functional leaves with higher chlorophyll content.

Table 6. Effect of nitrogen on different parameters of rapeseed

| Nitrogen Length of No. of No.of | Siliqua | No, of | Weight
levels main siliquae in siliquae | length | seceds of
inflorescence the main per {em) per 1000
(cmi) inflorescence plant siliqua | seeds
= (g)
No 50.30 36.53 6139 | 6.56 | 20.86 | 3.00
N 5359 41.03 17.74 7.07 | 24.02 3.16
Nz 63.35 47.62 103.22 | 7.55 25.90 3.25
. N3 65.11 52.91 117.46 7.73 27.44 341
| LSD (at5%) | 2.58 2.19 231 0.18 | 0.85 | 0.09
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4.5.3 Interaction effect of irrigation and nitrogen

It was seen that the treatment combination of three irrigations and the rate of
120 kg N ha™' produced the highest length (75.87 cm) of main inflorescence (Table 7)

and it was also similar with the effect of two irrigations and 120 kg N ha™. The

combination of lo and Ny gave the lowest length (35.57 cm) of main inflorescence.

Table 7. Interaction effect of irrigation and nitrogen on different parameters of
rapeseed

Interaction | Length of No. of No. of Siligua No. of Weight l
(Irrigation main siliquae in siliquae lengih seeds of
X inflorescence |  the main per plant {cm) per 1000
Nitrogen) {cm) inflorgscence siliqua | seeds (g)
TgMNy 35.57 19.98 2273 535 17.00 2.67
[N 41.60 23.92 34.67 6.30 21.36 3.07
Ty 45.80 28.11 37.60 6.82 23.98 314
InlNy 46.60 33.07 46.23 7.05 25,10 3.26
LNy 52.67 35.99 65.10 6.70 20.18 306 |
LNy 55.67 38.70 TLHY 712 22,49 513 ]
IiNa 59.63 43.19 52.83 7.52 24 55 320
IiN; 66.10 48.93 88.10 7.73 26.07 331
I:Np 55.27 40.76 74.63 7.13 22.18 3.13
LNy 61.10 47.57 92,33 7.39 26.00 3.20
LNy 66.57 37.140 129.13 7.91 27.01 129
LN, 71,87 63.03 139.17 | 8.06 28,15 3.43
13Ny 3770 49.42 B3.10 7.06 24,10 315
LNy 64,00 53.95 112.20 7.49 26.23 326
[5M, 69.40 62.07 163.33 7.95 28.05 | 338
LN, | 7587 6661 | 18633 | 809 | 3043 | 365
LSD 5.17 4.39 4.62 0.36 1.70 0.19
| (at5%) | ——
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4.6 Number of siliquae in the main inflorescence
4.6.1 Effect of irrigation

Number of siliquae is an important factor for increasing yield, which is
adversely affected by the soil moisture. Number of siliquae in the main inflorescence
was increased with the increasing levels of irrigations. In the present study, number of
irrigation showed significant variation in producing siliquae in the main inflorescence
(Table 5). Among the treatment I (30, 50 and 65 DAS) produced the highest number
of siliquae (58.01) in the main inflorescence which was statistically different from
other treatments. The treatment lo (control) which was received no irrigation
throughout the life cycle thus produced the lowest number of siliquae (26.27). In case
of the second irrigation at siliquae formation stage helped in producing more number
of siliquae in the main inflorescence. But in case of treatment I, when only one
imgation was applied at flowering stage and at later stage (siliquae formation)
msufficient soil moisture reduced the number of siliquae in the main inflorescence.
Third irrigation also reduced the abortion of siliquae. Tomer ef af. (1992) concluded
that number of siliquae in the main inflorescence was significantly increased up to

two irrigations al pre-flowering and fruiting stage.

4.6.2 Effect of nitrogen

Application of N at 120 kg ha™ significantly increased the number of siliquae
in the main inflorescence (52.91) over control (36.53) (Table 6), Application of 40
and 80 kg N ha"' resulted to produce 41.03 and 47.62 siliquae, respectively in the
main inflorescence. The higher number of siliquae with higher rates of N was mi ght
be due to higher LAl which resulted in a greater number of siliquae being carried by

each inflorescence.

4.6.3 Interaction effect of irrigation and nitrogen

From the study, it was also observed that treatment combination of irrigation
and nitrogen had significant effect on number of siliquae in the main inflorescence,
Three levels of irrigation with 120 kg N ha™' produced maximum number of siliquae
in the main inflorescence (66.61) which was statistically similar with treatment

combination of N3 and ©LiN;. Minimum numbers of siliquae in the main
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inflorescence (19.98) were produced by control treatment (Table 7). The combination
of optimum irrigation with adequate supply of N the plants grew taller, ultimately

produced more number of siliquae in the main inflorescence.

4.7 Number of siliquae plant™
4.7.1 Effect of irrigation

Number of siliquae is an important factor for increasing yield, which is
adversely affected by the soil moisture. So, irrigation plays an impertant role in
increasing the yield and yield attributes. In the present study, number of irrigation
showed significant variation in producing siliquae per plant (Table 5). Among the
treatment I3 (three irrigations at 30, 50 and 65 DAS) produced the highest number of
siliquae (136.24) which was statistically different from other treatments. The
treatment Iy (three nrrigations at 30, 50 and 65 DAS) showed around 4 times higher
number of siliquae per plant over the control (no irrigation). The treatment o
{(control) which was received no irrigation throughout the life cycle thus produced the
lowest number of siliquae. In case of the second irrigation at siliquae formation stage
helped in producing more number of siliquae. But in case of treatment 1,, when only
one irrigation was applied at flowering stage and at later stage (siliquae formation)
insufficient soil moisture reduced the number of siliquae per plant. Third irrigation
also reduced the abortion of siliquae. The results obtained from the study were
partially supported by Sarker and Hassan (1988), Sharma and Kumar (1989a) and
Dobariya and Metha (1995) who reported that irrigation increased siliquae per plant.
Tomer er al. (1992) concluded that number of siliquas per plant was significantly

increased up to two irrigations at pre-flowering and fruiting stage.

4.7. 2 Effect of nitrogen

Nitrogen fertilizer had significant effect on number of siliquae per plant. The
rate of 120 kg N ha” showed highest number of siliquae per plant (117.46) and
control treatment gave the lowest one (61.39) (Table 6). Similar results were also
obtained by Shukla er al. (2002b), Singh et al. (2003), Singh et al (2002), Tarafder
and Mondal (1920} and Shamsuddin ef a/. (1987). On the other hand, higher number
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of siliquae per plant obtained at 80 kg N ha™' by Khan er al. (2003), Sharma and Jain
(2002), Patel (1998). Seed yield increased mainly due to greater number of siliquae
per plant and sceds per siliqua. The number of siliquae per plant increased linearly
with increasing rates of N, The higher number of siliquae with higher rates of N was
might be due to higher LAI, which resulted in a greater number of siliquae being
carried by each inflorescence. Greater number of siliquae was associated with higher
LAL which combined with larger LAD, led to higher final seed yield of rapeseed

(Brassica napus).

4. 7 .3 Interaction effect of irrigation and nitrogen

Irrigation and nitrogen showed significant effect on number of siliquae per
plant. The highest number of siliquae per plant (186.33) was produced with the
interaction of three levels of irrigation and 120 kg N ha™. Three levels of irrigations
(30, 50 and 65 DAS) with the rate of 120 kg N ha™' showed significant difference to
produce the number of siliquae per plant. Lowest number of siliquae per plant (22.73)
was given by the combination IgN; (without irrigation and N) (Table 7). Singh et al.
(1998) Tomar ef al. (2001) also obtained highest number of siliquae per plant with
two irrigations and at 120 kg N ha™. It might be due to enhanced growth attributes
that diverted the photosynthates to reproductive organs for the formation of large

sized and more number of siliguae.

4.8 Length of siliqua (cm)
4.8.1 Effect of irrigation

Irrigation had significant effect on the siliquae length. It was observed that
three irrigations gave the highest siliquae length (7.65 cm) which was statistically
similar of treatment I; (two irigations). The lowest siliquae length (6,38 cm) was

found from the control treatment {Table 5).

4.8.2 Effect of nitrogen

Nitrogen had significant effect on the siliquae length. It was observed that 120

kg N ha™ gave highest siliquae length (7.73 cm) and control gave the lowest one (6.56
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cm) (Table 6). Singh (2002), Shukla ef al. (2002b), Singh et al. (2002) who reported
the highest length of siliquae at the rate of 120 kg N ha™,

4. 8 .3 Interaction effect of irrigation and nitrogen

In this study, interaction effect of irrigation and nitrogen showed significant
effect on siliquae length. Significant highest siliqua length (8.09 ¢m) was found from
the combination treatment of I3N; (three imgations with 120 kg N ha'y which was
statistically similar of the combination treatment of I3Na, 1:N3 and IN;, while the

shortest siliquae length (5.35 cm) was found from the control treatment (Table 7).

4.9 Number of seeds siliqua™
4.9.1 Effect of irrigation

Numbers of seeds per siliqua were significantly affected by irrigation levels.
The number of seeds per siliqua was increased with the increase of irrigation number
(Table 5). The significant highest number of seeds per siliqua (27.20) was found with
three irrigations at 30, 50 and other at 65 DAS while the lowest number of seeds per
siliqua (21.86) was found from the control treatment. Seed per siliqua increased with
the increasing levels of irrigation due to the supply of adequate soil moisture which
helped to elongate the siliquae length and have more number of seeds. Tomer er al.
(1993) found a significant increase of seeds per siliqua with two irmgations-one at
pre-flowering stage and another at fruiting stage. A number of researchers Prasad and
Eshanullah (1988); Sarker and Hassan, (1988); Sharma and Kumar, (1989b) and
Dobariya and Metha (1995) also observed thal irrigation increased number of seeds

per siliqua.

4.9.2 Effect of nitrogen

Nitrogen rates significantly influenced the number of seeds per siliqua. The
number of seeds per siliqua was increased with the increase of nitrogen rates (Table
6). The significant highest number of seeds per siliqua (27.44) was found with the rate
of 120 kg N ha™' while the lowest number of seeds per siliqua (20.86) were found
from the control treatment. Seeds per siliqua increased with the increasing levels of

nitrogen up to a certain levels. Some results showed significant effect on number of
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seed per siliqua that were obtained by Singh (2002), Shukla er al. (2002b), Tarafder
and Mendal (19%0), Mondal and Gaffer (1983) showed significant effect on number
of seeds per siliqua nitrogen al rate of nitrogen of 120 kg ha™'. Sharma and Jain (2002)
obtained higher number of seeds per siliqua at the rate of 80 kg N ha™'. Patel (1998)
also obtained similar response of nitrogen on number of seeds per siliqua. It might be
due to the fact that vigorous vegetative growth due to nitrogen resulted in adequate

supply of photosynthates for the formation of siliqua.

4.9.3 Interaction effect of irrigation and nitrogen

Irrigation as well as nitrogen interact each other to produce seeds per siliqua in
rapeseed, Significant variations in the number of seeds per siliqua were found with the
different interaction of imigation and nitrogen in the study (Table 7). The highest
number of seeds per siliqua (30.43) was found when three irrigations were applied
with 120 kg N ha™'. The lowest numbers of seeds per siliqua (17.00) were found from
the treatment I[Ny (control). Singh et al, (1998), Tomar et af, (2001) and Meena ef al.
(2002) obtained higher number of seed per siliqua when two irrigations were applied

in combination with 120 kg N ha™.

4,10 Weight of 1000 seeds (g)

4.10.1 Effect of irrigation

From the table 3, it can be seen that the irrigation levels had significant effect
on 1000-seced weight. Three irrigations at 30, 50 and 65 DAS produced the highest
1000 seed weight of 3.36 g, which was significantly superior to 3.17 g produced by
one irrigation applied at 30 DAS. The lowest 1000 seed weight (3.03 g} was produced
by plants without irrigation (control). More seed weight was gained with more
irrigation. Rahman (1994) found a significant effect of irrigation on 1000 seed weight.
In his study two irrigations produced the highest 1000 seed weight which was
significantly superior to that produced by ome irrigation. The lowest 1000 seeds
produced without irrigation. The results obtained in the study were supported by
Sarkar and Hassan (1988), Sharma and Kumar (1989b) and Sarker er al. (2000} who

reported that increasing the frequency of irrigation increased 1000 seed weight.
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4.10.2 Effect of nitrogen

Table 6, it was reveled that the application of nitrogen at 40, 80 and 120 kg
ha™ had significant effect on 1000 seed weight. The 1000 seed weight increased with
the increase of nitrogen levels. At the rate of 120 kg N ha™ produced maximum seed
weight (3.41 g) and control treatment gave the lowest one (3.00 g). Sharma and Jain
(2002) also obtained highest 1000 seed weight at 80 kg N ha™'. But, Ozer (2003).
Singh er al. (2002), Shukla er al (2002b) and Shamsuddin et @l. (1987) obtained
highest 1000 sced weight N at 120 kg ha™. It might be due to enhanced growth
attributes that diverted the photosynthates to reproductive organs for the formation of
large sized, more number of seeds of higher seed weight that ultimately increased the

yield per hectare. So seed yield of rapeseed was greatly influenced by 1000 seed

weight,

4.10.3 Interaction effect of irrigation and nitrogen

Interaction effect of irrigation and nitrogen was found significant in relation to
1000 seed weight of rapeseed. (Table 7). The highest weight of 1000 seed (3.65 g)
was found from the combination of three irrigations (at 30, 50 and 65 DAS) with 120
kg N ha”' (IsNa), it was followed by I;N; (3.43 g). The 1000 seed weight increased
with the ncreasing levels of irrigation and nitrogen reported by Abadi et ol (2001)
Tomar et al. (2001), Singh er al. (1998). Mondal et al. (2000) obtained significant
higher 1000 seed weight by applying two irrigations along with 80 kg N ha™.

4.11 Seed yield (kg ha™)
4.11.1 Effect of irrigation

Irrigation significantly increased the seed yield per hectare in rapesecd. In this
study, seed yield per hectare increased with the increase of irrigation levels (Figure 7)
Maximum seed vield per heetare (1455.96 kg ha™') was found from three irrigations
(at 30, 50 and 65 DAS) which was higher than the other treatments. The lowest seed
yield ha”' was found from control treatment (348.05 kg ha™ ). In control condition
high mortality of seedlings resulting from shortage of soil moisture drastically
reduced the vield. Samui et al. (1986) and Malavia er al. (1988) reported similar

results in mustard. Under no irrigation treatment internal moisture deficit led to lower
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plant height, failed to increase in growth parameters and reduced the net assimilation
rate, which adversely affected yield components and thus yield was reduced. The
treatment I3 (at 30, 50 and 65 DAS) significantly increased the seed yield due to
favorable growth condition with maximum production of dry matter especially at
siliquae formation stage. The second irrigation helped increasing the siliquae number.
Similar result was also found by Ali er al. (1976) who noticed that the seed vield
mncreased when the crop was irvigated twice- once al flowering stage, and the other at
fruit forming stage rather than one at flowering stage. Sharma and Kumar (1989a)
observed that seed yield was increased with increasing the frequency of imigation.
Rahman (1994) reported that highest seed yield was produced by two irrigations. The
lowest yield was produced by lo {(without frmigation) and this was statistically inferior
to I; {one imgation), Under non-irmgated condition internal moisture deficit led to
lower plant height, failed to increase the growth parameters, which adversely affected
the yield components, viz. dry matter accumulation, siliquae per plant, seeds per
siliqua, and 1000 seed weight (Tomer et al., 1992). These results corroborated with
the results of Khan and Agarwal (1985), Samui et al. (1986), Malavia er al. (1988)
and Gill and Narang (1993). Water stress during flowering causes severe yield loss.
Johnston e al. (2002) reported that heat stress during flowering of a canola (Brassica
napus) crop can permanently stop flowering, resulting in limited seed set after

accumulation of large amounts of dry matter.

4.11.2 Effect of nitrogen

Different rates of nitrogen sigmificantly increased the seed yield per hectare.
Nitrogen at 120 kg ha™' significantly increased the seed yield (1347.72 kg ha™') over
40 kg ha™ (756.77 kg ha') and 80 kg N ha™ (1122.58 kg ha™") and control (408.48 kg
ha™) (Figure 8), Seed vield decreased with the decreasing rates of nitrogen fertilizer
application. Higher seed yield (kg ha™') was also obtained with same nitrogen rate as
reported by Singh and Prasad (2003}, Singh et al. (2003), Shukla et al. (2002b), Singh
(2002), Shukla et al. (2002a), Singh et al. (2002), Shukla and Kumar (1997), Tuteja er
al. (1996), Shamsuddin et al. (1987). In some cases the highest seed yields kg ha™
were obtained by Singh (2004), Sharma and Jain (2002), Ghosh et al. (2001), Khan et
al. (2003), Singh er al. (1998) and Thakuria and Gogoi (1996) at B0 kg N ha,
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Increase in the seed vield of rapeseed due to increasing nitrogen levels may be

attributed to the favorable improvement in all the yield atinbutes with N [ertilization.
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Figure 7. Effect of irrigation on seed yield of rapeseed ( LSD 0.05=57.76 )
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Figure 8. Effect of nitrogen on seed yield of rapeseed ( LSD 0,05=20.09)
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4.11.3 Interaction effect of irrvigation and nitrogen

Interaction effect of irrigation and nitrogen influenced the seed yield per
hectare and seed yield was significantly superior (2130 kg ha') at three levels of
irrigations with 120 kg N ha'. But control treatment gave the lowest yield (144.83 kg
ha™) (Figure 9) which might be referred to soil moisture deficit and inadequate N
application. Meena et al. (2002), Tomar ¢f al. (2001) and Singh er al (1998)
observed higher seed vield with two irrigations at branching and flowening stages in
combination with at 120 kg N ha™. Mondal er al. (2000) obtained the highest seed
vield of mustard by applying two irrigations in combination with 80 kg N ha™.
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Figure 9. Interaction effect of irrigation and nitrogen on seed yield of
rapeseed ( LSD 0.05= 40.17)
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4.12 Stover yield (kg ha™)
4.12.1 Effect of irrigation

The number of irrigation when increased the plant height, dry matter, number
of branches, length of the main inflorescence, ultimately increased the stover vield. In
this study, significant variation was found in stover yield at different irrigation levels
(Table 8). The treatment I3 (irrigations at 30, 50 and 65 DAS) produced the highest
stover yield (2916.98 kg ha™') which was statistically different from I3, I; and Iy, In the
previous discussion it was shown that I (irrigations at 30, 50 and 65 DAS) treatment
produced the tallest plant height, number of branches per plant and number of siliquae
per plant, which cumulatively increased the stover yield. The treatment Iy (no
irrigation) produced the lowest stover yield (852.63 kg ha™). Patel er al. (1991),
Sarker er al. (20000, and Sarker ef al. (2001) found increased stover yield with
increase number of irrigation. Sarker (1994) reported that two irrigations gave the

highest stover yield per plant while the lowest yield was found [rom zero irrigation.

Table 8. Effect of irrigation on stover vield, harvest index (%) and oil
content (%) of rapeseed

Irrigation levels | Stover yvield | Harvest index | Oil content
{(kg/ha) (%) (%)
[y 852.63 28.41 40.95
Iy 1622.19 30.30 40.97
. I 2321.64 31.90 40.99
g - 2916.98 272 40.74
" LSD (at5%) 112.5 0.1915 0.0316

4.12.2 Effect of nitrogen

The nitrogen application favorably influenced the stover yield and the
difference among the consecutive levels was significant (Table 9). The application of
120 ka N ha”! gave significantly highest stover yield (2698.53 kg ha™) over 40 and 80
ke N hﬂ"{'_l[ig‘ilﬁ? and 2349.36 kg ha respectively) and also control (971.19 kg ha™).
These findings were in agreement with that of Singh and Prasad (2003), Singh er al.
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(2002). But, Meena er al. (2002) observed higher stover yield of mustard at the
nitrogen rate of 60 kg ha™'. Tt might be due to increasing rate of nitrogen up to 120 kg
ha”', increases the plant height, dry matler, number of branches, length of the main

mflorescence and ultimately increased the stover yield.

Table 9. Effect of nitrogen on stover yield, harvest index (%) and oil content (%)

of rapeseed

Nitrogen levels | Stover yield | Harvest index Oil content
(kg/ha) (%) (%)
Nj 071.19 28.89 40.73
N 1694.37 30.25 41.19
N 2349.36 31.67 40.72
N 2698.53 32.52 41.01
LSD (at 5%) 42.31 0.2702 0.0377

4.12.3 Interaction effect of irrigation and nitrogen

Interaction effect of irrigation and nitrogen had significant effect on stover
yield. Stover yield was highest (3995.58 kg ha'') when three irmgations were applied
with 120 kg N ha’'. The three irrigations with the rate of nitrogen at 120 kg ha
showed the results that was statistically different from other treatments (Table 10).
The lowest stover vield (405.67 kg ha™') was observed by treatment of I;Ny {control

treatment).

4.13 Harvest index (%)

Harvest index 15 the ratio of economic yield and biological yield and it was

influenced by different irrigation and nitrogen levels.

4.13.1 Effect of irrigation

It was observed from the table 8 that different irmgation levels had significant
effect on harvest index. Among the four irrigation levels three irrigations at 30, 50 and
65 DAS gave the highest harvest index (32.72%) and it was significantly different

from the other treatments. The lowest value of harvest index (28.41%) was obtained
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from the treatment lo (no irrigation). Three irrigations (at 30, 50 and &5 DAS)
produced higher seed yield, which increased the harvest index. At To treatment, the
plant suffered from severe water stress condition and they produced poor seed yield.
One irrigation at pre-flowering stage increased the vegetative growth but at
reproductive phase due to shortage of soil moisture the seed development was
seriously hampered and that is why it produced the lower harvest index. Shrivastava
et al. (1988) also found that two irrigations at pre-flowering and seed development
stages produced higher harvest index. Similar results were obtained by Sarker (1994)
who observed that two irripations gave the higher harvest index and this was
statistically superior to one irrigation. He found the lowest harvest index was given by
Iy (without irmgation) which was statstically inferior to two irrigations but
statistically identical with one irrigation. It is evident from the results that increasing
irrigation levels significantly increased harvest index. The cause of increase in harvest
index might be due to higher seed yield compared to biological yield as obtained by

increasing levels of irrigation,

Table 10. Interaction effect of irrigation and nitrogen on stover yield, harvest
index (%) and oil content (%) of rapeseed

Interaction Stover yield Harvest Qil content
(irrigation x (kg ha™) index (%) (%)
nitrogen)
TNy 405,17 26.36 40.80
TN 527.67 28.14 41.21
IgN; 1009.08 29.59 40.89
IoN: 1468.62 29.56 4092 |
IiNg 785.92 28,36 41,05
I;N, 1487.42 30.51 41,31
1;N; 2007.93 30.92 40.57
I;N; 2207.50 31.40 40.93
TaN; 1271.92 30.31 40,81
LN, 1981.40 30.64 40.84 |
1N, 2910.83 32.31 40.91
[,N; 3122.42 34.34 41.38
13Ny 1421.75 30.51 40.25
13N, 2781.00 31.71 41.40
13N: 3469.58 33.86 40.52
I:N; 3995.58 34.77 40.81
LSD (at 5%) 84.61 0.5404 0.076 i
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4.13.2 Effect of nitrogen

From Table 9 it revealed that the different nitrogen levels had significant
effect on harvest index. Application of nitrogen at 120 kg ha’! significantly increased
the harvest index (32.52%) followed by 40 and 80 kg ha”' (30.25% and 31.67%
respectively) and control (28.89%). Highest harvest index observed at 120 kg N ha™.
Similar result was also observed by Shukla and Kumar (1997) at the same nitrogen

level,

4.13.3 Interaction effect of irrigation and nitrogen

It was observed that irrigation and nitrogen interaction had significant effect
on harvest index. Harvest index was significantly higher when applied three
irrigations in combination with 120, 80 and 40 kg N ha™' and produced higher harvest
index 34.77%, 33.86% and 31.71% respectively (Table 10). The lowest harvest index

{26.36%) was recorded from the treatment combination of T;N;.

4.14 OQil content (%)
4.14.1 Effect of irrigation

From Table 8, it was found that irrigation levels had significant effect on oil
content of rapeseed. It was observed that two irrigations gave the highest oil content
(40.99 %} and three irrigations gave the lowest oil content (40.74 %) of rapeseed.
However, one irrigation (40.97 %) and two irrigations (40.99 %) gave statistically

similar oil content,

4.14.2 Effect of nitrogen

Nitrogen fertilizer had significant effect on oil content of rapeseed. The rate
0f 40 kg N ha™' showed the highest oil content (41.19 %) and 80 kg N ha™' (40.72 %)
gave the lowest oil content of rapeseed. However, control treatment (40.73 %) and 80

ke N ha™ (40.72 %) gave similar oil content (Table 9).
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4.14.3 Interaction effect of irrigation and nitrogen

It was seen that the treatment combination of three irrigations and 40 kg N ha’'
gave the highest oil content (41.40 %) of rapeseed {Table 10) which was similar to
two irrigations in combination with 120 kg N ha'. The combination of three
immgations and My (without nitrogen) gave the lowest cil content (40.25 %) of

rapeseed.
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Chapter 5

SUMMARY AND CONCLUSION

An experiment entitled “Influence of irrigation and nitrogen on the yield of
rapeseed (Brassica napus)” was conducted during Rahi season (October — February,
2005-2006), at Agronomy field, SALJ, Dhaka-1207. The treatment comprised 4 levels

of irrigation and 4 levels of nitrogen. The results are summarized below.

The rapid increase in plant height was observed from 30 DAS to 75 DAS.
Significant variation was found in plant height among the irrigation levels. The
maximun plant height was found from three irrigations. A progressive increase of
plant height was observed up to 120 kg N ha”. Plant heights were significantly
influenced by the interaction effect of irrigation and nitrogen on different growth
stages and at harvest. Application of three irrigations along with 120 kg N ha’
showed higher plant height, but on the other hand, lower plant height were observed
al control combination of treatments. In general, more than 90 percent of the plant
height was attained at 60 DAS and the crop reached a maximum height at 75 DAS,

there after, height remained more or less constant.

Dry matter accumulation increased significantly at all growth stages.
Significant variation was found in total dry matter per plant among the different levels
of irrigation except 30 DAS. As the second irrigation (50 DAS) continued soil
moisture at siliguae formation stage, and third irnigation (65 DAS) continued at pod
developing stage, three immigation was found to be most effective. At early growth
stage maximum dry matter accumulation was observed at higher nitrogen levels but at

later stages W at 120 kg ha” maintained higher dry matter.

In case of interaction effect, the treatment combination of three irrigation
along with 120 ka N ha™ produced higher dry matter at different growth stages and at
harvest. Three irrigations in combination with 120 kg N ha” prodiced maximum dry

matter at 75 DAS and at harvest.
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The number of primary branches per plant, secondary branches per plant,
length of main inflorescence (cm), number of siliquae in the main inflorescence,
number of siliquae per plant increased progressively with the increasing level of
irrigation. The maximum numbers of primary, secondary branches per plant, length of
main inflorescence (e¢m), number of siliquae in the main inflorescence, number of
siliquae per plant were found when three irrigations were applied at 30, 50 and 65
DAS. The lowest results were found from the control treatment. The number of
primary branches per plant, secondary branches per plant, length of main
inflorescence (em), number of siliquae in the main inflorescence, number of siliquae
per plant increased progressively with the increasing level of Nitrogen. The average
numbers of primary, secondary branches per plant, length of main inflorescence {cm),
number of siliquae in the main mflorescence, number of siliquae per plant were found

at higher rate of 120 kg ha™' nitrogen application.

Interaction of irrigation and N significantly influenced branch number, length
of main inflorescence (cm), siliquae number in the main inflorescence and siliquae
per plant. Application of three levels of irrigation with 120 kg N/ha gave significantly
higher number of primary branches (4.78), secondary branches (6.74), length of main
inflorescence (75.87 em), siliquae number in the main inflorescence (66.61) and

siliquac number per plant (1 86.33).

Irrigations had significant effect on the siliquae length and seeds per siliquae.
Among the irrigation treatments, three irrigations at 30, 50 and 65 DAS produced the
highest siliquae length (7.65 cm) and seeds per siliquae (27.20) which was statistically
different from other irrigation treatments. The highest siliquae length (7.73 em) and

seeds per siliquae (27.44) obtained at 120 kg N ha™'.

Interaction effect of imigation and N significantly influenced the siliquae
length and sceds per siliqua, Application of three levels of irrigation with 120 kg N
ha"! gave significantly higher number of siliquae length (8.09 cm) and sceds per

siliqua (30.43) and lowest was found from the control treatment,

The 1000 seed weight was little influenced with application of irrigation

excepl irrigation control treatment. But 120 kg N ha™ produced highest 1000 seed
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weight (3.4 g) and lowest 1000 seed weight (3.00) was obtained at the N control
treatment. The highest 1000 seed weight (3.65 g) obtained at the application of three

levels of irrigation in combination with 120 kg N ha™.

Seed yield and stover yield is a complex character, which depends on the
different yield contributing characters. The seed and stover yield per hectare was
significantly influenced by the number of irrigation and three irrigation produced the
highest seed yield (1455.96 kg ha™') and stover yield (2916.98 kg ha™') these were
statistically different from other irrigations and least seed yield (348.05 kg ha™') and
stover yield (852.63 kg ha™') was found at unirrigated condition. The seed and stover
yield were increased significantly up to 120 kg N hal. The highest seed yield
(1347.72 kg ha"} was found at higher rate of 120 kg N ha™, and lowest seed yield
(408.5 kg ha™') was found at control treatment. The average stover yields were 971,19,
1694.37, 2349.36 and 2698.53 kg ha™ against the treatments of 0,40, 80 and 120 kg N

ha! respectively.

Seed yield and stover yield were increased significantly by the interaction
effect of irrigation and N application. Significant seed yields of 2130.25 kg ha™' and
stover yield of 3995.58 kg ha™ were obtained at three levels of irrigations along with

120 kg N ha™.

Harvest index was influenced by the application of irrigation, higher harvest
index (32.72 %) was obtained at three irrigations, and lowest (28.41 %) was found at
unirrigated condition. Higher harvest index (32.52 %) was obtained at 120 kg N ha’
and lowest harvest index found at control. All levels of nitrogen significantly differ to
mcreasing the harvest index. Higher HI of 34.77 % was obiained at three levels of

irrigation along with 120 kg N ha',

[rmigation had a little effect on oil content of rapesced. Higher oil content
(40.99 %) was obtained at two levels of irrigation and lowest oil content (40.74 %)
was found at three levels of irrigation. Nitrogen had significant effect on oil content of
rapeseed. Higher oil content (41.19 %) was obtained at 40 ke N ha! and lowest oil

content (40.72 % and 40.73 %) was found at &0 kg N ha' and control treatment
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respectively. Higher oil content of 41.40 % was obtained at three imigations along

with 40 kg N ha™".

From the present study, it may be concluded that irrigation and nitrogen
influenced the growth, yield and yield components of rapeseed. Among the irrigation
levels three irrigations at 30, 50 and 65 DAS gave the best results but oil content was
the best result at two levels of irrigation. Among the nitrogen treatments, 120 kg N
ha™ gave the best result but the highest oil content was obtained at 40 kg N ha™'. The

interaction effects of three irrigations and 120 kg N ha™' were found most effective in

respect of seed vield.
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APPENDICES

Appendix I: Morphological, physical and chemical characteristics of initial
soil (0-15 cm depth)

A. Physical composition of the soil

| Soil separates (%) Methods employed |
Sand 36.90 Hydrometer method (Day, 1995)
Silt 26.40 -do-
Clay 36.66 -do-
Texture class | Clay loam -do-

B. Chemical composition of the soil

B Soil characteristics || Analytical data Methods employed
L Organic carbon (%) 0.82 Walkley and Black, 1947
2 Total N (kg/ha) 1790.00 Bremner & Mulvaney, 19635
3 Total S (ppm) 225.00 Bardsley and Lancster, 1965
4 Total P (ppm) 840.00 Olsen and Sommers, 1982
5 Available N (kg/ha) 54.00 Bremner , 1965
6 Available P (kg'ha) 69.00 OMsen and Dean, 1965
7 | Exchangeable K (ka/ha) 80.50 Pratl, 1965
8 Available S (ppm) 16.00 Hunter, 1984
O | PH (1:2.5 soil to water) 5.55 Jackson, 1958 ]
10 | CEC 11.23 Chapman, 1965 i
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Appendix II: Monthly average of lemperature, relative humidity, total
rainfall and sunshine hour of the experimental site during the
period from October 2005 to February 2006

"Year | Month Air temperature (“c) Relative | Rainfall Sunshine—|
Maximum | Minimum | Mean hun;t:it}' (mm) (hr)

2005 | October 30.6 246 | 27.60 {?; 326 142.20 |
November 29.1 19.8 24.45 70 03 197.63
December 271 15.7 21.4 64 Trace 217.03
2000 | January 253 18.2 21.75 68 0 165.10
February 31.3 19.4 | 25.35 61 0 171.01

Source: Bangladesh Meteorological Department (Climate division), Agargaon,
Dhaka- 1212,

Appendix ITI. Chemical composition of some Brassica oilseeds

Species Seed (%) Free Nutrient content in oil eake (%)
Moisture | Oil | Protein | Ash fatty N P K Ca | Mg
acid (%)

Brassica campestris 6.0 46.38 17.34 3.74 0.28 518 | 071 | 145 | 035 | 0.27
Brassica napuy 7.3 3837 2299 | 531 1.18 6.07 | 0.59 | 1.77 | 040 | 027
Brassica juncen 6.0 44,30 23.60 3.84 4.45 0.78 | 065 | 113 | 048 | 031
Brassica carinata 64 (3989 21.67 | 465 | 056 | 576 | 049 | 093 | 0.82 | 025
Brassica nigra 6.7 28.96 28.77 376 0.71 648 | 0.79 | 129 | 0.60 | 0.22

Source: Pathak et al. (1973)




Appendix IV:

Source of variation, degree of freedom and mean square for plant height and dry matter

Source of | d. Mean square
variaton. | £ Plant height Dry matter
30 DAS | 45DAS | 60 DAS 75 DAS Atharvest | 30 DAS | 45 DAS 60 DAS 75 DAS At

harvest

R 2 | o17s 3.57% 6.734 1.461 .48 0.000 0077 0.000 0.053 0.0B6

178 3| 1695 | 203817 | Tis2T0 220111477 [ 2386.148 | 0.087 " | 2.823 46,5397 | 2z0.842 | 272382

Errar | 6 | 0,398 1402 2.525 1.035 2.638 {0,000 0017 022 0,139 0.183

N 3090227 | 490.787 | 897487 | 604602 | GI8AITT | D3z 6.026° 78.297 | 1736100 | 196.307 |

ER D | 00sTS o3 2037 19,785 13,082 p.o0z™ Torn™ 2688 40937 3865

Error 11 24 [ 0039 2211 1.363 1.354 1.528 0.001 0.006 D.032 0.008 0.141

Total 47

CV (%) 470 586 4.59 4.29 436 535 163 5,85 5.64 5.95

Note: Single, double and triple asterisks indicate significant at 5%, 1% and 0.1%levels

R =Replication, I=lrigation and N= Nitrogen,
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respectively, NS means non significant,




Appendix V: Source of variation, degree of freedom and mean square for yield attributes

Source of | d. Mean square
variation I. MNo. of primary MNo. of Length of No. of siliquae | Siliquae per | Siliguae | Seeds per | 1000 seed
bracches/plant secondary main in the main plant length siligua weight(g)
| bracches/plant | inflorescence inflorescence {em)
54 2 0.047 0130 21.523 0.235 14.063 0.010 0.026 0,003
I 3 13965 44917 14107537 23122.7407 22379324 | 4198 | 69.737 " | G220
Error | & 0.024 0.028 5115 4.965 6.859 0.018 0.578 (L0140
N ] 5.304 14.284 484.1417 623.812° 75902237 | 33137 | 96.158 " | 0355
1xN 9 0.2437 1067 8.629"" 13.9027 9121387 | 0.083 | 1421 0.023" |
Error (1 24 0014 0.020 L.O50 3.702 4,009 (.025 0553 0.007
Total 47
CV (%) 443 4.39 577 4.32 7.25 5.20 4.03 6.57

Note: Single, double and triple asterisks indicate significant at 5%, 1% and 0.1% levels respectively. NS means non

significant, R =Replication, [=Irrigation and N= Nitrogen.
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Appendix VI: Source of variation, degree of freedom and mean square for yield, harvest index and oil

content
Source of d. I. Mean square B
variation Seed yield Stover vield Harvest index Oil content (%)
_ (kg/ha) (kg/ha) (%)
R 2 2515399 8514.727 0.021 0.006
1 3 2766664.374° | 953118601938 43,283 0154
Errar | G 1456226 5528.515 D316 (1001
N 3 2047171.128" | 6965321.076 30708 0.622
1%N g 124357.942™ 294118.903™ L1o9™ 0.231
Errar i ol 309.467 1372.730 0.056 0-002
Total 47
CV (%) .94 8.92 2.77 111
Note: Single, double and a triple asterisk indicates significant at 5%, 1% and 0.1% levels respectively.
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NS means non significant, R =Replication, [=Irrigation and N= Nitrogen.




