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EFFECT OF PLANTING GEOMETRY AND SOWING TIME ON
GROWTH AND PRODUCTIVITY OF MUSTARD

ABSTRACT

The experiment was conducted in the experimental field of Sher-e-Bangla Agricultural
University, Sher-e-Bangla Nagar, Dhaka to find out the effect of planting geometry and
sowing time on growth and productivity of mustard during the period from October
2019 to March 2020. The experiment consisted of two factors; Factor A: Three sowing
times viz., Sy: Sowing on 25" October, S,: Sowing on 10" November and S;: Sowing
on 30™ November, 2019; Factors B: Four planting geometries viz., G;= Random
geometry, G,= 25 cm x 5 cm, G3= 30 cm x 5 ¢cm and G4= 35 cm x 5 cm. The
experiment was laid out in Randomized Complete Block Design (RCBD) with three
replications. Plant height, leaves plant™, branches plant®, dry matter weight plant™,
siliquae plant™, seeds siliqua™, length of siliqua, 1000 seed weight, seed yield, stover
yield, biological yield and harvest index were compared among the combinations and
individual effects of treatments. Results indicated that, sowing time and planting
geometry had significant influence on most of the growth, yield and yield contributing
characters of mustard. The maximum seed yield (2.16 t ha™) was obtained from S, and
the minimum seed yield (1.68 t ha) was obtained from Ss. In the case of planting
geometry, the maximum seed vield (2.00 t ha™) was obtained from G; and the minimum
seed yield (1.82 t ha™) was obtained from G;. Thus, it was revealed that when mustard
was sown on 10" November with 30 cm x 5 cm geometric pattern resulted with the
highest seed yield (2.24 t ha™). The lowest seed yield (1.58 t ha™) was obtained from the
30™ November sowing with random geometry. So, it may be recorded that mustard
sowing on 10" November with 30 cm x 5 cm planting geometry (S,Gs) could be the
most suitable combination for the potential yield improvement in Bangladesh.
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CHAPTER |

INTRODUCTION

Edible oil is highly important in human nutrition. Edible oils are important for
meeting calorie requirements because they are a high-energy component of food.
Each gram of oil/fat contains approximately 9 kilocalories of energy, whereas each
gram of carbohydrate/protein usually contains 4 kilocalories of energy (Stryer, 1980).
Fats and oils are also the sources of essential fatty acids. The main essential fatty
acids of vegetable oils are linoleic and linolenic acids. Fats and oils are used to
synthesize phospholipid, which are important components of active tissues viz., brain,
nerve, and liver of human beings and other animals. The current dietary pattern of the
people of Bangladesh is highly imbalanced due to an excess consumption of
carbohydrates in the form of cereal that exceeds the body’s requirement.
Carbohydrates represent approximately 86% of total calorie requirements, while fats
and oils contribute only 5-15% (Ullah, 1989). In Bangladesh, the average availability
of oils and fats per capita per year is 3.8 kg (10.55 g/head/day) compared to the
requirement of 11 kg, while most developed countries consume around 20 kg. For
several decades, Bangladesh has been suffering from a severe shortage of edible oil.
Our internal production can only meet about 21% of our needs (8 g/day/head). The
remaining 79% is met by imports (Begum et al., 2012). Due to insufficient
production, a large amount of foreign exchange (over 160 million US dollars) is spent

each year in Bangladesh for the importation of edible oils (Rahman, 2002).

Mustard (Brassica spp.) is one of the most important oil yielding crops of the world
after soybean and groundnut (FAO, 2012). The genus Brassica of the family
Crucifereae has mainly three edible oil producing species, namely Brassica napus, B.
campestris, and B. juncea. Worldwide the total annual production of rapeseed along
with mustard is 71.16 million tons of seed from an area of 42.81 million hectares
(FAO, 2019). But it occupies the first position in respect of area and production
among the oil crop grown in Bangladesh (DAE, 2015). In Bangladesh the edible oil
production is 3,76,000 metric tons of which mustard (Brassica spp.) covers 62% of
the total annual oil (MOA, 2006). Bangladesh occupying 0.270 million ha and the
production was 0.312 million Mt and yield 0.115 million Mt ha™ in 2018-19 (BBS,
2020). It is an important source of cooking oil in Bangladesh meeting one third of the



edible oil requirement of the country (Ahmed, 2008). It is not only a high energy food

but also a carrier of fat soluble vitamins (A, D, E and K) in the body.

The average per hectare yield of mustard in this country is alarmingly very poor
compared to that of advanced countries like Germany, France, UK and Canada
producing 6667 kg ha™, 5070 kg ha, 3264 kg ha®, 3076 kg ha™, respectively
(Mamun et al., 2014). The low average yield of mustard is due to the cultivation of
traditional varieties, the scarcity of seeds from high yielding varieties, the improper
sowing time, and poor management practices, among other factors. It is essential that
immediate attention should be given to increasing domestic production. Increased
mustard production can result from both increased farmed area and increased
productivity, or from both. However, the area under mustard is declining due to late
harvesting of high yielding T. aman rice and increased cultivation of boro rice, which
has resulted in a loss of 104 thousand hectares and a production of 68 thousand tons
of mustard and rapeseed during the last ten years (Anon, 2006). As a result, increasing
mustard yield by the use of HYV seed and good management practices, particularly
optimum sowing time, could be a viable way to address these challenges. Proper
agronomic manipulation could bring mustard yields closer to the level of variety

potentiality.

At different sowing times, the days to flowering and maturity varied. The date of
sowing had a significant influence on plant height, siliquae plant?, seeds siliqua™,
seed yield, and seed oil content. Plant height, number of siliquae plant™, number of
seeds siliqua™, seed yield, and stover yield all were significantly influenced by the
interaction effect of variety and sowing date (Alam et al., 2014). Sowing date is one
of the critical components affecting mustard crop productivity. It is one of the most
essential agronomic factors and non-monetary inputs that lead the way for better time
management and play an important part in fully exploiting a variety’s genetic
potentiality by providing optimum growth circumstances such as temperature, light,
humidity, and rainfall. Sowing time is also significant in determining crop
environmental conditions, as well as the timing and rate of organ appearance, while
predicting phenology is critical in crop growth analysis. The crop is grown mainly
during the winter season (October-March). If the mustard is sown late, duration is

reduced due to the high temperature during the reproductive phase with concomitant



reduction in yield (Kumari et al., 2012). Some researchers demonstrated that the yield
of mustard crop sown in second fortnight of September was significantly higher than
that sown in first fortnight of October (Iraddi, 2008). In general, it was observed that
the mustard crop sown after October 30" resulted in lower yields (Panwar et al.,
2000; Singh et al., 2002; Sonani et al, 2002; Panda et al., 2004). Understanding the
physiological and phenological factors of yield decline in relation to the date of
sowing can aid the development of seed yield improvement strategies. It will also help
to support the assertion that production is constrained by development pattern and

process physiology in response to environment.

However, in oilseed rape and mustard row spacing or plant density may vary
considerably worldwide; depending on the environment, production system and
cultivar. Previous studies have shown that plant geometry is an important factor that
affects rapeseed-mustard yield. Population density, as a result of planting geometry
also influences growth, yield and yield contributing characters in rapeseed production
(Johnson et al., 2003). Planting geometry refers to row to row and plant to plant
distances both of which are important in the production of rapeseed and mustard.
Suboptimal planting geometry, wider rows and plant spacing result in a low
population which fails to compensate for the yield obtained in an optimal plant stand
whereas narrower row and plant spacing increase inter and intra-plant competitions
which are resulting in poor growth and development, dry matter accumulation, and
yield (Sonani et al, 2002). Lakra et al. (2018) suggested closer row spacing of 30 cm
for better yields. Therefore, a uniform distribution of plants per unit area is a

prerequisite for yield stability that securing good yield of a crop (Diepenbrock, 2000).

Therefore the study has been undertaken to identify the effect of sowing time and
planting geometry on the growth and productivity of mustard with following
objectives:
i.  To determine the suitable sowing time for yield maximization of mustard.
ii. To evaluate the effect of planting geometry on growth and productivity of
mustard.
iii.  To find out the combined effect of sowing time and planting geometry on the

growth and yield of mustard.






CHAPTER I

REVIEW OF LITERATURE

An attempt was made in this section to collect and study relevant information
available in the country and abroad regarding the effect of planting geometry and
sowing time on growth and productivity of mustard to gather knowledge helpful in
conducting the present research work.

2.1 Effect of sowing time

Gawariya et al. (2015) conducted a field experiment was to study the effect of date of
sowing and crop geometry on seed yield and quality of forage mustard (var. Chinese
cabbage). The soil texture of the experimental site was clay loam with available
nitrogen, phosphorus, potassium were 212, 20 and 256 kg ha™, respectively. There
were 24 treatment combinations consisting of four dates of sowing (1% October, 16™
October, 31% October and 15" November) and six crop geometry (60 x 15, 45 x 15,
45 x 20, 45 x 25, 30 x 20 and 30 x 25 cm) and the experiment was laid out in split
plot design with four replications. From the result, sowing during 1% October recorded
significantly higher crop yield attributing characters viz. no. of primary, secondary
and tertiary branches, number and weight of siliquae plant™ and ultimately seed yield
(2013 kg ha') with better growth and higher dry matter accumulation in yield
components compared to 31% October and 15 November.

Lakra et al. (2018) conducted a field experiment during the winter (rabi) seasons of
2015-16 to study the response of Indian mustard (Brassica juncea L.) var. NRCHB-
101 to sowing dates and crop geometry. Sowing on 27" October was recorded
significantly higher number of branches, seeds per siliquae, siliquae per plant, 1000
seed weight, and seed yield than that on 07" November, 17" November and 27"
November. Seed yield decreased progressively with delay in planting. Pronay et al.
(2011) carried out an experiment on Improved Tori-7 and BARI Sarisha-10 with
seven sowing date viz. Nov-8, Nov-15, Nov-22, Nov-29, Dec-6 and Dec-13. From the
result it was observed that among the sowing dates 8 November sowing was the best
for mustard and BARI Sarisha-10 was better than that of improved Tori-7. Sharma et
al. (2006) reported that the significantly greater plant height was observed at 75 DAS
with 29" October sowing (160.6 cm) as compared to 22" October (158.5 cm), 12"



October (145.7cm) and 6™ October (140.4 cm) sowings. Sultana (2007) studied on
rapeseed in Sher-e-Bangla Agriculture university farm to evaluate the effect of
irrigation and variety on growth and yield. She revealed that seed yield highest
(1827.0 kg ha™) at three irrigation (20, 35, 50 DAS). Bhuiyan et al. (2008) reported
significantly higher plant height under 10" November sowing (115 cm) as compared
to 30™ October (105 cm), 20" November (104 cm), 20™ October (100 cm), 30"
November sowings. Shah and Rahman (2009) observed significantly higher plant
height with 15" September (212.5 cm) sowing as compared to 25" September (203.8
cm), 5™ October (183.2 cm), 15" October (188.3 cm), 25™ October (181.1 cm), 5"

November (155.6 cm), and 15" November (126.1 cm) sowings.

Lallu et al. (2010) conducted an experiment and revealed that November sowing
caused the significant reduction in plant height (100.5 cm) as compared to October
sowing (152.8 cm). Afroz et al. (2011) carried out an experiment at Mymensingh
(Bangladesh) and observed that significantly higher plant height was found under 10"
November sowing (99.4 cm) as compared to 20" November (93.0 cm) and 30"
November (78.0 cm) sowings. Aziz et al. (2011) also reported that 15" November
sown mustard crop produced the maximum plant height (162 cm) as compared to 25"
November, 5™ December and 15" December. Mondal et al. (2011) reported that plant
height was significantly higher with 20" November sowing (104.2 cm) 20™ October
(102.9 cm) as compared to 10" November (100.7 cm), 1% November (100.1 cm) and
30™ November (98.3 cm) sowings. Kumari et al. (2012) observed that 10" October
sowing resulted into significantly higher plant height (217 cm) over 20" October
sowing (208 cm) and 30™ October sowing (187 cm).

Patel et al. (2017) conducted an experiment and revealed that plant height increased
successively till 90 DAS under different dates of sowing. Different dates of sowing
had no significant influence on plant height at 30 DAS which might be due to similar
growth pattern at initial growth period. On the other hand at 60 DAS, 90 DAS and at
harvest, plant height was found to be highest with crop shown on 14" November
which was at par with 30" October and significantly higher over 15" October and 29"
November. The varieties had no significant influence on plant height at 30 DAS
which might be due to similar growth pattern at initial growth period whereas at 60,
90 DAS. Kumar et al. (2008) reported that the number of branches plant™ were

significantly greater in mustard were with 30" September (22.2 plant™?) sowing as

5



compared to 15" October (19.7 plant™), 30™ October (16.6 plant™) and 14™ November
(14.3 plant™) sowings.

Mondal et al. (2011) conducted an experiment and revealed that number of siliquae
(plant™) were significantly higher with 1% November (97) sowing as compared to 20"
October (86), 10™ November (71.0), 20™ November (57.3) and 30" November (69.7)
sowings. Kumari et al. (2012) suggested that 10™ October sowing recorded
significantly higher number of siliquae plant™® (323) over 20™ October sowing (302
plant™) and 30™ October sowing (238 plant™). Shah and Rahman (2009) conducted a
field experiment and revealed that the seed yield was found remarkably higher with
25" September (3.6 t ha®) sowing as compared to 5™ October (2.8 t ha™®), 15" October
(2.3 tha), 15" September (1.7 t hal), 25" October (1.3 t ha®) , 5™ November (1.06 t
ha?) and 15" November (0.5 t ha™) sowings. Biswas et al. (2011) conducted an
experiment and revealed that the seed yield was found remarkably higher with 10"
October sowing (2.28 t ha') as compared to 17" October (2.20 t ha), 24™ October
(1.81 t hal), 1 November (1.69 t ha™), 8" November (1.37 t ha™) and 15™ November
(1.07 t ha™) sowings.

Sattar et al. (2013) conducted a study to investigate the response of seed yield, protein
and oil content of canola varieties to different sowing times. Experiment was
comprised of three varieties of canola viz; Bulbul-98, Zafar-2000 and Rainbow were
sown at three different sowing dates, early (15" October), late (30" October) and very
late (15" November). Results indicate that from all these three varieties, seed yield,
protein and oil contents of all cultivars were decreased due to delayed sowing. The
decline of grain yield with delay in sowing date could be largely explained by the
decline in biomass at maturity while for protein and oil contents it could be related
positively to harvest index and seed size, and negatively to temperature conditions at
post-anthesis stage. Cultivar Zafar-2000 produced the maximum seed yield, protein
and oil contents when planted earlier (15" October). It can be concluded that cultivar
Zafar-2000 should be sown 15" October for attaining the maximum seed yield and oil

contents under the sub-tropical climate of Pakistan.

Devi and Sharma (2017) carried out a study to determine the effect of sowing date on
flowering and seed set of mustard (Brassica juncea L.). The studies were conducted
in the mustard crop by inducing the plant to flower early or late through different



sowing dates. The crop was sown during October- November in three different dates
at an interval of fifteen days. Delay in sowing caused a significant reduction in the
length of flowering period. The crop sown on D; had the longest flowering duration
(45 days) followed by the crop sown on D, (41 days) and D3 (35 days). In the present
investigations, crop sown on D; took significantly more days from sowing to the
flowering stage as compared to D, and Ds. Delayed sowing of mustard resulted into
reduction in the seed set due to short flowering duration. Delaying sowing time
resulted in significant reduction in the seed set. Seed set percentage, 1000 seed weight

and seed siliqua™ did not vary significantly among different dates of sowing.

Ranabhat et al. (2021) conducted a field experiment to determine the response of
different sowing dates on different rapeseed varieties in their final yield under the rain
fed condition in Phulbari, Dang. Two rapeseed varieties Unnati and Surkhet Local on
three dates of sowing October 4, October 24 and November 14 were tested under two
factorial RCBD design in the year 2018. Data consisted growth attributes like plant
height, branch per plant, no. of siliqua per plant, aborted siliqua and siliqua abortion
percentage and yield attributes such as biological yield, biomass yield, seed yield,
harvest index and test weight. Statistically no difference was found between varieties
whereas differences were found on different sowing dates. Result showed that among
the varieties, the highest yield (8.59 q ha™) was obtained in Surkhet Local than in
Unnati (8.54 q ha™). In case of sowing dates, higher seed yield was obtained in
October 4 sown crop (15.93 q ha™) followed by October 24 (7.47 q ha') and
November 14 (2.29 q ha™).The higher seed yield obtained in early sowing is due to
shorter vegetative and longer reproductive phase. The comparison of mean values of
the seed yield for interaction between variety and sowing date showed that variety
Surkhet Local sown in October 4 plant had the highest seed yield (16.33 q ha™)
followed by variety Unnati on same sowing date (15.54 q ha™). Based on the result

obtained, Surkhet Local sowing on October 4 performed better in Dang condition.

Bikshapathi et al. (2021) conducted a field experiment during rabi season of 2019 at
Crop Research Farm of Department of Agronomy at Sam Higginbottom University of
Agriculture, Technology and Sciences, Prayagraj with the objective to study the effect
of sowing dates on growth and yield attributes of Indian mustard (Brassica juncea L.)

varieties under late sown conditions. Experiment comprises of 9 treatments replicated



thrice. With 3 different dates of sowing viz. 5™ December, 10" December and 15"
December; 3 varieties i.e., Varuna, Mahyco Bold, Pioneer. Maximum plant height
(185.23 cm), No. of branches (9.41), No. of siliqua per plant (241.3), was recorded
with the treatment no.1 Varuna + 5" December sowing. Highest no. of seeds per
siliqua (15.5) was recorded with treatment no.1 Varuna + 5™ December sowing and
maximum test weight was recorded with treatment no. 5 Mahyco Bold+ 10

December.

Singh et al. (2017) conducted a field experiment at Agronomy Research Farm, N.D.
University of Agriculture and Technology, Kumarganj, Faizabad during the Rabi
season of 2011-12 to access the effect of sowing dates and varieties for higher
productivity of Indian mustard (Brassica juncea L.). Treatments consisted of four
dates of sowing viz. D; (25" September), D, (5™ October), Ds (15" October) and D
(25" October) was kept as main plot and five varieties viz.Vy (Rohini), V2 (Maya), Vs
(Coral-437), V4 (Kranti) and Vs (PBR-357) was kept as sub plot replicated three
under split plot design. Results revealed that all the growth, yield attributes and
quality were increased significantly under 25™ October sowing. The agronomical
parameters like initial plant stand per running meter, plant height (cm), days taken to
50 % flowering, leaf area index, dry matter accumulation (g plant™) and yield and
yield attributes like number of siliquae plant™, number of seed siliqua™, length of
siliqua (cm) and seed, stover yields (q ha™) of mustard crop were significantly higher
with variety Coral-437. The highest seed yield oil content % was computed under 25"
October sowing with Coral-437 variety. 25" October sowing with Coral-437 variety
proved the most remunerative and economically feasible for cultivation of Indian

mustard under the agro climatic conditions of eastern U.P.

Sharif et al. (2016) conducted an experiment at the field laboratory of the Patuakhali
Science and Technology University, Patuakhali, Bangladesh during the period from
November, 2011 to March 2012 under the tidal Floodplain region to find out optimum
sowing time for the selected three cultivars (BARI Sharisha-15, BINA Sharisha-5 and
BARI Sharisha-9). There were four sowing dates viz. 30 November, 15 December, 30
December and 15 January. Significant variations due to different sowing dates were
observed in plant height, total dry matter, leaf area index, number of siliqua plant™,

seeds siliqua™, 1000-grain weight, grain yield and HI. Results showed that the highest



grain yield (1.73 t ha™) was obtained from the first sowing (30 November) with BINA

Sharisha-5 and it was significantly different from the yields of all other combination.

Alam et al. (2014) carried out a field experiment at the Central Research Station of
BARI, Gazipur for two consecutive years 2010-11 and 2011-12 with 30
varieties/genotypes of rapeseed-mustard under three dates of sowing viz., 25
November, 5 December, and 15 December to determine changes in crop phenology,
growth and yield of mustard genotypes under late sown condition when the crop faced
high temperature. Days to flowering and maturity were different at different planting
times. Date of sowing significantly influenced plant height, siliquae plant™, seeds
siliqua™, seed yield and oil content of seed in both the years. The highest seed yield
(1310 and 1535 kg ha™) was obtained from the first planting (25 November) in both
the years, which was significantly different from two other dates of sowing. Yield and
yield attributes of different varieties varied significantly. Among the varieties, BARI
Sarisha-16 of Brassica juncea gave significantly the highest seed yield (1495 and
1415 kg ha®), which was statistically identical to BJDH-11, BJDH-12, BJDH-05,
BJDH-20, and BARI Sarisha-6 and significantly different from all other varieties.
Interaction effect of variety and sowing date significantly influenced plant height,
number of siliquae per plant, number of seeds per siliqua, seed yield, and strover
yield. The highest seed yield (1758 and 1825 kg ha™) was recorded from BJDH-11
and BARI Sarisha-16 of Brassica juncea at 25 November planting and BJDH-11
produced the highest yield at 15 December in both the years. The maximum stover
yield (3758 and 3825 kg ha™) was obtained from BJDH-11 and BARI Sarisha-16 of
Brassica juncea at 25 November planting during 2010-11 and 2011-12. The highest
oil content of seeds (44.4 % and 45.9 %) was obtained from the seed of BARI
Sarisha-6 and BARI Sarisha-14 at 25 November planting in both the years.

Alam et al. (2015) conducted an experiment at Shibganj upazila under Bogra district
during October, 2014 to January, 2015 to observe the effect of planting dates on the
yield of mustard seed. There were five planting dates viz. 25 October, 30 October, 05
November, 10 November and 15 November. Significant variations due to different
planting dates were observed in plant height, number of leaves plant™, number of
siliqua plant™?, number of seeds siliqua™, 1000 grain weight plot™, yield plot* and
yield ha’of mustard. Results showed that the highest seed yield was 1.50 t ha™

obtained from 30 October. The lowest seed yield was 1.0 t ha™* from 15 November.
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From the results, the best planting date of mustard is on 30 October in the northern
parts of Bangladesh. Parminder and Sidhu (2006) conducted an experiment and found
that the oil and protein content significantly decreased as sowing was delayed from 15
October to 15 December.

Kumar et al. (2018) conducted an experiment with 6 genotypes of Indian mustard
(Brassica juncea L.) viz. RH-0116, RH-725, RH-923, RH-1019, RH-1077, RH-1301
for three dates of sowing i.e. 23 September, 16 October and 21 November in the field
in randomized block design during rabi season of 2015-16 at Oil Seed Section,
Chaudhary Charan Singh Haryana Agricultural University, Hisar to observe the effect
of sowing dates on yield and yield attributes of Indian mustard genotypes. The values
of yield and all yield attributes were highest on 16 October sowing while 21
November sowing dates showed lowest values of yield and yield attributing traits.
Results showed that among sowing dates, 16 October sowing was the best for Indian
mustard and genotypes RH-0116 performed better in terms of yield and yield

attributes.

Tripathi et al. (2021) conducted a field experiments to study effect of sowing dates on
growth and yields of Indian mustard (Brassica juncea L.). Keeping in this view
experiment was conducted in Split Plot Design (SPD) with three replications having
two factors. First factor comprised of three dates of sowing (15 October, 10
November and 05 December) whereas, second factor consisted of three Indian
mustard varieties viz; Varuna, Narendra rai-1 and Kranti. Results showed that both
dates and varieties (10 November and Varuna) was superior compared to rest of
treatment. However, highest growth attributes (plant height, dry matter accumulation,
days taken to 50% flowering, number of tillers, LAI and yield and yield attributes
(No. of siliqua per plant, length of siliqua (cm), test weight, seed yield (q ha™) grain
yield, stover yield, biological yield, and harvest index) was recorded under 10
November and Varuna, and oil character. Lowest yield recorded under dates and
varieties at 15 October followed by 05 December and Narendra rai-1 and Kranti.
Among treatment, dates and varieties (10 November and Varuna) showed effectively
increasing the growth and yield and enhanced the nitrogen content efficiency and oil

content and oil yield.
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Keerthi et al. (2017) conducted a field experiment during rabi seasons of 2013-15 at
Hisar to find out the response of Indian mustard to four dates of sowing (15" October,
25" October, 5™ November and 15™ November) and five nitrogen levels (0, 40, 60, 80
and 100 kg N ha™). Among the times of sowing, 15" October being at par with 25"
October gave significantly higher seed vyield, stover yield and nitrogen uptake
probably due to higher growth and yield attributes. Application of 100 kg N ha™
significantly improved the seed vyield, stover yield and nitrogen uptake. Agronomic
efficiency, apparent recovery and nutrient use efficiency were maximum at 15"
October sown crop and among the nitrogen doses agronomic and nutrient use
efficiency was highest with 40 kg N ha™ whereas apparent recovery was highest with
60 kg N ha™. Optimum economic dose of nitrogen for 15" October, 25" October, 5"
November and 15" November were 119.8, 116.8, 110.6 and 101.8 kg ha®

respectively.

2.2 Effect of planting geometry

Gawariya et al. (2015) conducted a field experiment during rabi 2011-2012 at Forage
Management and Research Centre, National Dairy Research Institute, Karnal to study
the “Effect of date of sowing and crop geometry on seed yield and quality of forage
mustard (var. Chinese cabbage)”. The soil texture of the experimental site was clay
loam with available nitrogen, phosphorus, potassium which was 212, 20 and 256 kg
ha, respectively. There were 24 treatment combinations consisting of four dates of
sowing (1% October, 16™ October, 31* October and 15™ November) and six crop
geometry (60 x 15, 45 x 15, 45 x 20, 45 x 25, 30 x 20 and 30 x 25 c¢cm) and the
experiment was laid out in split plot design with four replications. From the result,
sowing during 1% October recorded significantly higher crop yield attributing
characters viz. no. of primary, secondary and tertiary branches, number and weight of
siliquae plant™ and ultimately seed yield (2.03 t ha™) with better growth and higher
dry matter accumulation in yield components compared to 31% October and 15"
November. Crop geometry of 30 x 20 cm recorded significantly higher seed yield (1.8
t ha™) with better utilization of space, nutrients, water and sunshine resulting in higher
dry matter translocation to yield components as compared to 60 x 15, 45 x 15, 45 x

20, 45 x 25 and 30 x 25 cm crop geometry.
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Lakra et al. (2018) conducted a field experiment during the winter (rabi) seasons of
2015-16 to study the response of Indian mustard (Brassica juncea L.) var. NRCHB-
101 to sowing dates and crop geometry. Sowing on 27" October was recorded
significantly showing higher number of branches, seeds per siliquae, siliquae per
plant,1000 seed weight, and seed yield than that on 07" November, 17" November
and 27" November. Seed yield decreased progressively with delay in planting.
However seed yield was significantly influenced by different crop geometry. Higher
seed yield ha™* was recorded with 30 cm row to row and 10 cm plant to plant spacing
(30 x 10 cm) crop geometry. A planting geometry of 30 x 10 cm was found to be
suitable for the Indian mustard var. sown on 27" October. Khanlou and Sharghi
(2015) conducted an experiment to determine the effects of row spacing on vyield
components of three cultivars of winter canola and planting them in the test
treatments and variety, in which the planting distance in 3 levels: 30, 40 and 50 cm in
3 levels and three varieties, including Opera, Zarfam and Modena. The results showed
that effect of variety was significant on height of plant, diameter of stem. The effect
of planting distance has a significant effect on the plant height (P<0.01).

Aziz (2014) conducted a field experiment to evaluate the growth and vyield
performance of mustard and rapeseed varieties as influenced by different sowing
techniques at the Agronomy field of Sher-e-Bangla Agricultural University, Dhaka
during the Rabi period in 2013-14. The variety treatments were BARI Sarisha-11,
BARI Sarisha-13, BARI Sarisha-15 and SAU Sarisha-2. Sowing technique treatments
were Broadcasting, Line Sowing, Raised Bed and System of Mustard Intensification
(SMI). Result showed that plant height was significantly varied among the sowing
techniques. Hossain et al. (2013) carried out an experiment at Agronomy field
laboratory, Department of Agronomy and Agricultural Extension, University of
Rajshahi to study the effect of irrigation and sowing method on vyield and yield
attributes of mustard. Sowing method had significant effect on plant height. Line
sowing produced the tallest plant (96.51 cm) and the shortest one (94.26 cm) was
found at broadcast method. Sam-Daliri et al. (2011) carried out a study on factorial
experiment in randomized complete block design in three replicates in which the
planting distance in 3 levels: 30, 40 and 50 cm in 3 levels and three varieties,
including new lines (crossed two varieties of H19, oliath), Zarfam and Pahnab-e-

joybar (Local varieties). The results showed that simple varieties has significant on
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the number of branches in plants (P<0.05). Oad et al. (2001) conducted an experiment
in Pakistan to evaluate the effect of row spacing on growth and yield of rapeseed (B.
napus). The homogeneous seeds of rape cv. P 53 were sown at 3 row spacing (30, 45
and 60 cm). They observed that branches plant™ was affected significantly by row

spacing and among them 60 cm row spacing proved the best.

Hasanuzzaman (2008) carried out a field experiment at Sher-e-Bangla Agricultural
University (SAU) Farm, Dhaka-1207, Bangladesh. Accumulation of dry matter in
siliqua, number of siliquae plant™, length of siliqua and seeds per siliqua of rapeseed
(Brassica campestris L.) plants were studied under three irrigation levels (no
irrigation, one irrigation at 30 DAS and two irrigations at 30 and 60 DAS) and three
row spacing (20 cm, 30 cm and 40 cm). Number of siliquae plant™ was affected by
different irrigation levels and row spacing and the highest number of siliquae was
produced by two irrigations (at 30 DAS and 60 DAS) with 40 cm row spacing. Atlassi
et al. (2008) conducted an experiment in order to evaluate the effect of planting
pattern on morphology, yield and yield components of canola. The experiment was
laid on split-plot design. The treatments included four planting patterns (15, 30 and 50
cm row spacing and 60 cm wide ridges with a cultivated row in each side) as main
plots and three cultivars (Pf 7045/91, Hyola 401 and RGS 003) as sub-plots. The

effect of planting pattern on 1000 seeds weight was more significant.

Mottalebipour and Bahrani (2006) carried out a field experiment and revealed that
increasing row spacing significantly increased the values of almost all yield attributes
but it had no significant effect on number of branches plant?, seeds siliqua™, seed
yield and oil yield. The highest oil content (35.3 %) was recorded for the crop sown in
15 October. A row spacing of 60 cm recorded a higher protein content and lower oil
content than a row spacing of 45 or 30 cm. Faraji (2004) conducted an experiment and
observed that a decrease in row spacing resulted in the increase in number of siliqua
plant™, number of seed siliqua™ and seed yield. Row spacing at 12 cm and the sowing
rate of 6 kg seed ha™ produced the highest seed yield of 5044 kg ha™. Bilgili et al.
(2003) carried out a field study and observed that a significant response between yield
contributing characters and seed yield of B. rapa L. It is observed that higher seed
yield 14090 kg ha™ was obtained from seeding rate 200 m? at 35 cm row spacing.
Singh et al. (2003) conducted an experiment at C. S. Azad University of Agriculture

and Technology, Kanpur and revealed that a row spacing of 45 cm resulted in the
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higher seed yield (2064 kg ha™). It is suggested that closer row spacing of 20 cm
produces the lower seed yield of 1343 kg ha® (Kumar and Singh, 1994). A field
experiment was conducted by Yadav et al. (2018) during rabi season of 2014 on the
topic entitled “Effect of planting geometry on growth and yield of mustard (Brassica
juncea L.) varieties” in sandy loam soil of N.D. University of Agriculture and
Technology, Kumarganj, Faizabad (U.P.). The experimental comprised of three
planting geometry viz., 40 x 15 cm, 40 x 20 cm, 40 x 25 cm and three varieties viz.,
Varuna, Vardan and NDR-8501. Results revealed that planting geometry of 40 x 15
cm produced significantly higher growth yield.

Venkaraddi (2008) carried out an experiment to observe the response of mustard
varieties on date of sowing and row spacing at Main Agricultural Research Station,
University of Agricultural Sciences, Dharwad. The experiment comprises of 12
treatment combinations consisting of three varieties (Pusa Agram, Pusa Mahak and
EJ-15), two sowing dates (Il fortnight of September and | fortnight of October) and
two row spacing (30 cm and 45 c¢cm). The performance of mustard with respect to
growth and yield parameters was significantly superior with variety Pusa Agram, Il
fortnight of September sowing and 30 cm row spacing. Significantly higher net
returns and B:C ratio were recorded with variety Pusa Agram (16081 Rs. ha™ and
2.14), early sowing during Il fortnight of September (13079 Rs. ha™ and 1.78) and 30
cm row spacing (12600 Rs. ha™ and 1.68). It is summarized that mustard seed yield
(1326 kg ha™), oil yield (570.03 kg ha), net returns (23107 Rs. ha™) and B:C ratio
(3.12) were higher with variety Pusa Agram sown during Il fortnight of September at

30 cm row spacing.

Biswas et al. (2019) conducted an experiment at Sher-e-Bangla Agricultural
University farm to evaluate the performance of five rapeseed and mustard varieties
under two different planting techniques. The planting techniques were as conventional
sowing and sowing seeds in puddle soil that assigned to the main plot and five
varieties viz. Improved Tori-7, BARI Sarisha-13, BARI Sarisha-15, BARI Sarisha-16
and SAU SR-3 in the sub-plots. Almost all the studied parameters were found
statistically similar under two planting techniques except siliqua length that was
higher (5.51 cm) in conventional method compared to that of sowing in puddled soil
(5.14 cm). The highest number of siliquae plant™ (143.67) was obtained from BARI
Sarisha-16 that was similar to SAU SR-03 (134.15) and Improved Tori-7 (116.90).
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The maximum1000-seed weight (4.35 g) was obtained from BARI Sarisha-16 under
conventional planting method that was similar to BARI Sarisha-13 irrespective of
planting methods. The maximum number of siliqua plant” (145.20) was found in
BARI Sarisha-16 under conventional planting method that was similar to the same
variety in puddle soil (142.13), SAU SR-03 in both the planting method and Improved
Tori-7 in conventional method (131.20). The Improved Tori-7 variety gave the
maximum seed yield (2.24 t ha™) followed by BARI Sarisha-16 (1.96 t ha™). The
highest seed yield was given by the variety BARI Sarisha-16 in conventional planting
method (2.39 t hal) that was similar to Improved Tori-7 variety irrespective of

planting techniques.

Ahamed et al. (2019) carried out an experiment at Sher-e-Bangla Agricultural
University Farm, Dhaka- 1207, Bangladesh during Rabi season, November 2017 to
February 2018 to find out the effect of different sowing methods and varieties on the
yield of (Brassica campestris). The experiment comprised of two factors- the
treatment consisted of four sowing methods viz. Sp= Broadcast method, S;= Line to
line space 20 cm, S,= Line to line space 25 cm and S3= Line to line space 30 cm and
three different varieties viz. V1= BARI Sarisha-14, V,= BARI Sarisha-15 and V3=
BARI Sarisha-17. The experiment was laid out in two factors Randomized Complete
Block Design (RCBD) with three replications. The collected data were statistically
analyzed and a significant variation among the treatments was found in respect of
majority of the observed parameters. The highest plant population was recorded from
Broadcast method of sowing. The tallest plant was recorded from the plot of broadcast
method. The maximum number of leaves plant™, branches plant™, dry matter weight
plant™, siliqua plant™ and seed silliqua™ were recorded from the treatment line to line
space 30 cm. The maximum thousand seed weight (2.97 g) was recorded from the
broadcast method. The maximum vyield of seed ha™ (1.11 t) was obtained from
broadcast method. The highest plant population (77.25) was observed in case of BARI
Sarisha-14. The tallest plant of mustard was found in case of with BARI Sarisha-15.
The maximum branches plant™, dry matter weight plant™?, siliqua plant™, number of
seed silliqgua™® and length of silliqua were obtained from BARI Sarisha-15. The
highest yield of seed (0.95 t ha®) was obtained from BARI Sarisha-15. The
combinations of different sowing methods and different varieties had significant
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effect on almost all the parameters. The highest biological yield (5.08 t ha™) was

obtained from broadcast method with BARI Sarisha-15 treatment combination.

Raghuvansi et al. (2019) conducted a field experiment at Research Farm of
Jawaharlal Nehru Krishi Vishwa Vidyalaya, College of Agriculture, Tikamgarh
(Madhya Pradesh), India during rabi season of 2015-16 to study the effect of sowing
dates and planting geometry on growth, yield attributes and yield of Indian mustard
var. RGN-73. The experiment was carried out in split plot design with 3 sowing dates
viz., 20 October, 2015, 30 October, 2015 and 09 November, 2015, and 5 planting
geometry viz., 45 cm x 30 cm, 45cm x 15 cm, 30 cm x 30 cm, 30 cm x 20 cm and 30
cm x 10 cm as main plot and sub-plot treatments, respectively. Among different
sowing dates, crop sown on October 20 resulted into significantly greater plant height
(cm), more number of branches plant™, higher leaf area index and higher total plant
dry biomass plant™ (g) followed October 30 and November 09 sown crops. Similarly
number of siliquae plant™, 1000-seed weight (g), seed yield (kg ha™), stover yield (kg
ha™), biological yield (kg ha™) and harvest index were also significantly higher under
October 20 followed by October 30 and November 09 sown crops. Consecutive 10
days deley in sowing from October 20 to October 30 and November 09 caused a loss
in seed yield by 27.8 % and 40.7 %., respectively. Among different planting
geometries, 45 cm x 30 cm showed significantly more number of branches plant™,
higher leaf area index and more total dry biomass plant™ (g) and the lowest with 30
cm x 10 cm. However, significantly greater plant height (cm) was recorded with
planting geometry of 30 cm x 10 cm. Similarly number of siliquae plant™, number of
seeds siliqua™ and 1000-seed weight (g) was also observed higher with 45 cm x 30
cm. However, seed yield (kg ha), biological yield (kg ha™) and harvest index were
recorded significantly higher with 30 cm x 10 cm as compared to other planting

geometries.

Pandey et al. (2015) conducted a field experiment was at Agronomy Research Farm
of Narendra Deva University of Agriculture and Technology, Kumarganj, Faizabad,
UP during Rabi season of 2011-12. The experiment was carried out in a randomized
block design (RBD) with 12 treatment combinations comprising of three varieties
NRC-HB 101, Rohini and Narendra Rye-8501 and four spacings viz. 30 x 10, 45 x
10, 45 x 15 and 60 x 10 cm. All the treatment combinations were replicated three

times. The maximum plant height was recorded in Narendra Rye-8501 that was
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significantly superior over Rohini and NRC-HB 101 with plant geometry 45 x 15 cm
at 30, 60 and 90 days after sowing and at harvest stage of crop growth which was
significantly higher over 30 x 10 cm, 45 x 10 cm and 60 x 10 cm plant spacing at all
the stages of crop growth except at 30 DAS and other growth attributes viz. primary
branches, secondary branches and total branches plant® were also significantly
superior in Narendra Rye-8501 under plant geometry of 45 x 15 cm at all growth
stages. Number of seeds siliqua™ was significantly increased in Narendra Rye-8501
under plant geometry 45 x 15 cm which led to significantly maximum seed yield of

mustard superior to other treatments.

From the above review of literature it is evident that planting geometry and sowing
time has a significant influence on yield and yield components of mustard. The
literature suggests that early or delay sowing other than optimum time reduces the
seed yield of mustard which is directly related with the temperature of the growing
period of the crop. As well as planting geometry influenced the yield and yield
contributing components of mustard. The literature revealed that without accurate
knowledge of the sowing time of any particular variety with proper planting geometry
at a particular area it is critical to achieve a higher seed yield of mustard.

17






CHAPTER 11

MATERIALS AND METHODS

The experiment was conducted at the Agronomy field of Sher-e-Bangla Agricultural
University, Dhaka to study the effect of planting geometry and sowing time on growth
and productivity of mustard. Materials used and methodologies followed in the
present investigation have been described in this chapter.

3.1 Description of the experimental site

3.1.1 Site and soil

Geographically the experimental field was located at 23° 77' N latitude and 90° 33' E
longitudes at an altitude of 8.6 m above the mean sea level. The soil belonged to the
Agro-Ecological Zone “Modhupur Tract” (AEZ-28). The land topography was
medium high and soil texture was silty clay with pH 5.6. The morphological, physical
and chemical characteristics of the experimental soil have been presented in

Appendix- I1.
3.1.2 Climate and weather

The climate of the locality is subtropical which is characterized by high temperature
and heavy rainfall during Kharif season (April-September) and scanty rainfall during
Rabi season (October-March) associated with moderately low temperature. The
prevailing weather conditions during the study period have been presented in
Appendix- I.

3.2 Plant materials

BARI Sharisha-16 was used as planting material. BARI Sharisha-16 was developed
through microspore embryogenesis for Rajat and released by BARI in 2009. The
cultivar is late planting potential. The cultivar is drought and salt tolerant. Plant height
of the cultivar ranges from 175-195 cm. Leaf with light green color and smooth. It
produces 180-200 siliquae plant® with two chambers. Each siliqua contains 9-11
seeds. Seed color is pink. 1000 seed weight is 4.70-4.90 g. Crop duration 105-115
days. Average yield is 2.00-2.50 t ha™.
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3.3 Treatments under investigation

There were two factors in the experiment namely sowing time and planting geometry

as mentioned below:
A. Factor-1: Sowing time (3):

a)  S:= Sowing on 25" October
b)  S,= Sowing on 10" November

c)  Ss= Sowing on 30" November

B. Factor-2: Planting geometry (4): (created by varying row to row and constant

plant to plant distance)

The line to line distances were maintained with 25 cm, 30 cm and 35 cm. The
constant distance for plant to plant within the lines was maintained with 5 cm by
thinning of plants after germination. However, the planting geometries were

designated as follows:

a) G;=Random geometry (by broadcasting of seeds)
b) G,=25cmx5cm
c) G3z=30cmx5cm
d) G4=35cmx5cm

3.4 Experimental design and layout

The experiment was laid out in Randomized Completely Block Design (RCBD)
design having 3 replications. There were 12 treatment combinations and 36 unit plots.
The unit plot size was 3.88 m? (2.5 m x 1.55 m). The blocks and unit plots were

separated by 1.0 m and 0.50 m spacing, respectively.
3.5 Land preparation

The experimental land was opened with a power tiller on 15" October, 2019.
Ploughing and cross ploughing were done with this tiller followed by laddering. Land
preparation was completed on 22" October, 2019 and was made ready for sowing

seeds as of treatments designed.
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3.6 Fertilizer application

The Urea, TSP, MoP, Gypsum, ZnSO, and Boric acid were applied @ 250 kg ha™,
170 kg ha™, 85 kg ha®, 150 kg ha*, 5 kg ha™ and 5 kg ha™, respectively. All the
fertilizers were applied during final land preparation except urea. A half portion of
urea was applied during final land preparation and the rest half was applied at 20 DAS
in all plots. All fertilizers (basal dose) were applied by broadcasting and covered with

soil by laddering.
3.7 Sowing of seeds

Seeds were sown at the rate of 12 kg ha™ in the furrow and broadcasting as of
treatment and the furrows were covered with the soils soon after seeding. The rows
were made as par treatment and the seeds were sown in row by hand. After
germination the seedling was thinned out at 35 DAS maintaining the plant to plant

(approximately 5 cm) distance as par treatment.
3.8 Intercultural operations
3.8.1 Weed control

The crop was infested with some weeds during the early stage of crop establishment.
Two hand weddings were done; first weeding was done at 10 days after sowing

followed by second weeding at 15 days after first weeding.
3.8.2 Application of irrigation water

Irrigation water was added to each plot, first irrigation was done as pre sowing and
second was done at 25 DAS and the third one was done at 55 DAS.

3.8.3 Plant protection measures

The crop was infested by common cutworm. Siphanon 57 EC containing active
ingredient malathion was applied two times at an interval of 1 week to control insect,
1% one was at 20 DAS. There was no disease infestation during the experimentation

period, so no fungicide was applied.
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3.9 Harvesting and sampling

The crop was harvested plot wise when about 80% of the pods became yellowish in
color. Harvesting was done in the morning to avoid shattering. Before harvesting the
whole plot, five plants were sampled randomly from each plot, bundled separately,
tagged and brought to a clean cemented threshing floor for collecting data on different
yield attributes. One square meter area from the center of each plot was harvested for
recording yield data. The sampled plants were uprooted prior to harvest and plants
were tied into bundles and carried to the threshing floor. The crop was sun dried
properly by spreading them over floor. Seeds were separated from the siliquae by
beating the bundles with bamboo sticks. The seeds thus collected were dried in the
sun for reducing the moisture in the seed to about 9% level. The stovers were further
dried in the sun. Seed and stover yield were recorded separately. By summing of the

seed yield and stover yield, the biological yield was calculated.
3.10 Threshing

Seeds were separated from the plants by beating the bundles with bamboo sticks. The
seeds were separated, cleaned and dried in the sun for 3 to 5 days for achieving safe

moisture of seed.
3.11 Drying, cleaning and weighing

The seeds thus collected were dried in the sun for reducing the moisture in the seeds
to a constant level. The dried seeds and straw were cleaned and weighed.

3.12 Recording of data
The data were recorded on the following parameters

I.  Plant height (cm)
ii. Leaves plant™ (no.)
iii.  Branches plant™ (no.)
iv.  Dry matter weight plant™ (g)
v. Siliquae plant™ (no.)
vi.  Length of siliqua (cm)

vii.  Seeds siliqua™ (no.)
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viii. 1000 seed weight (g)
ix. Seed vyield (t ha)
X.  Stover yield (t ha™)
xi.  Biological yield (t ha™)

xii.  Harvest index (%)
3.13 Procedure of recording data
i. Plant height (cm)

The heights of the five selected plants were measured from the ground level to the tip
of the plant at 30, 45, 60, 75 DAS and harvest.

ii. Leaves plant™ (no.)

The leaves plant™ was counted from five randomly sampled plants 30, 45, 60, 75
DAS and harvest. It was done by counting total number of leaves of all sampled

plants then the average data were recorded.
iii. Branches plant™ (no.)

The primary and secondary branches plant™ was counted from five randomly sampled
plants at 30, 45, 60, 75 DAS and harvest. It was done by counting total number of
primary and secondary branches of all sampled plants then the average data were

recorded.
iv. Dry matter content plant™(g)

Five plants were collected randomly from each plot at 30, 45, 60, 75 DAS and
harvest. The sample plants were oven dried for 72 hours at 70°C and then dry matter

content plant™ was determined.
v. Siliquae plant™ (no.)

Siliquae plant™ was counted from the 10 selected plant sample and then the average

siliqua number was calculated.
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vi. Length of siliqua (cm)

Length of siliqua was measured by meter scale from 10 siliquae of plants and then the
average length was calculated.

vii. Seeds siliqua™ (no.)

Seeds siliqua™ was counted from 20 selected siliquae of plants and then the average

seed number was calculated.
viii. Weight of 1000 seeds (g)

1000 seeds were counted, which were taken from the seeds sample of each plot
separately, then weighed in an electrical balance and data were recorded.

ix. Seed yield (t ha™)

Seed yield was recorded on the basis of total harvested seeds plot™ avoiding the

boarder plants and was calculated in t ha™.
x. Stover yield (t ha™)

After separation of seeds from plant, the straw and shell of harvested area was sun

dried and the weight was recorded and then converted into t ha™.
xi. Biological yield (t ha™)

The summation of seed yield and above ground stover yield was the biological yield.
Biological yield (t ha™) = Seed yield (t ha™) + Stover yield (t ha™).

xii. Harvest index (%)

Harvest index was calculated on dry basis with the help of following formula.

Seed yield

x1
Biological yield 00

Harvest index (H1 %) =
Here, Biological yield (t ha™) = Seed yield (t ha™) + Stover yield (t ha™)
3.14 Data analysis technique

The collected data were compiled and analyzed statistically using the analysis of
variance (ANOVA) technique with the help of a computer package program MSTAT-
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C and the mean differences were adjusted by Least Significance Difference (LSD) test

at 5% level of probability (Gomez and Gomez, 1984).
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CHAPTER IV

RESULTS AND DISCUSSION

Present study was undertaken to investigate the effect sowing time and planting
geometry on growth and productivity of mustard. Data on different yield contributing
characters and yield were recorded to determine the effect of sowing time and
planting geometry on growth and productivity of mustard. The results of the

experiment have been presented and discussed in this chapter.
4.1 Plant height (cm)

4.1.1 Effect of sowing time

Plant height of mustard was gradually increased up to 60 DAS thereafter a slower rate
of increase was recorded up to harvest. Significant variation was observed on the
plant height of mustard at 30, 45, 60, 75 DAS and at harvest due to varied sowing
time (Figure 1). Result from the experiment observed that the tallest plant (63.62,
102.27, 133.92, 141.63 and 147.69 cm at 30, 45, 60, 75 DAS and at harvest,
respectively) was achieved from the treatment S,. On the other hand the shortest plant
(46.36, 86.40, 109.67, 123.96 and 129.30 cm at 30, 45, 60, 75 DAS and at harvest,
respectively) was observed from the treatment S3. The result of our investigation also
coincided with the findings of Bhuiyan et al. (2008) who reported that significantly
higher plant height under 10" November sowing (115 cm) as compared to 30"
October (105 cm), 20™ November (104 cm), 20" October (100 cm), 30" November
sowings. Afroz et al. (2011) observed the similar trends and stated that significantly
higher plant height was found under 10™ November sowing (99.4 cm) as compared to
20™ November (93.0 cm) and 30™ November (78.0 cm) sowings.
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S,= Sowing on 25™ October, S,= Sowing on 10" November and S;= Sowing on 30" November

Figure 1. Effect of sowing time on the plant height of mustard at different days
after sowing (LSDgos= 2.83, 4.17, 4.94, 5.36 and 4.11 at 30, 45, 60, 75
DAS and harvest, respectively)

4.1.2 Effect of planting geometry

Plant height was gradually increased up to harvest. Statistically significant variation
was observed on the plant height of mustard due to varied planting geometry
throughout the growing period (Figure 2). Among the different planting geometry, G
(30 cm x 5 cm) produced the tallest plant (58.43, 97.56, 127.42, 136.82 and 140.91
cm at 30, 45, 60, 75 DAS and harvest, respectively) which were statistically similar
with G4 at 30, 60 and 75 DAS; with G, and G, at 45 DAS and at harvest. Again the
shortest plant (51.55, 90.61, 117.98, 129.71 and 135.12 cm at 30, 45, 60, 75 DAS and
harvest, respectively) were produced by planting geometry G; (Random geometry)
which was statistically similar with G, at 30, 60 and 75 DAS. Raghuvansi et al.
(2019) reported that significantly greater plant height (cm) was recorded with planting
geometry of 30 cm x 10 cm. The results agreed with the findings of Lakra et al.
(2018) and Gawariya et al. (2015).
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Figure 2. Effect of planting geometry on the plant height of mustard at different
days after sowing (LSDg 5= 3.27, 4.81, 5.71, 6.19 and 4.75 at 30, 45, 60,
75 DAS and harvest, respectively)

4.1.3 Interaction effect of sowing time and planting geometry

Interaction of sowing time and planting geometry had significant effect on the plant
height of mustard throughout the growth period (Table 1 and Appendix 1V). The
tallest plant (67.58, 106.27, 138.31, 147.58 and 150.44 cm at 30, 45, 60, 75 DAS and
harvest, respectively) was produced by treatment combination of S,Gz which was
statistically similar with treatment combinations S,G, at 30 DAS; with S,G,, S,G; and
S,G; at 45, 60, 75 DAS and at harvest. The shortest plant (43.61, 81.67, 103.33,
121.83 and 125.38 cm at 30, 45, 60, 75 DAS and harvest, respectively) was produced
by treatment combination S3;G; which was statistically similar with the treatment
combinations S3G,, S3G3 and S3G4 at 30, 75 DAS and at harvest; with S3G, and S3G4
at 45 and 60 DAS.
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Table 1. Combined effect of sowing time and planting geometry on plant height

at different days after sowing of mustard

Treatment Plant height (cm) at different days after sowing
combinations 30 45 60 75 At harvest
S16G1 50.92 e-g 91.54 d-f 120.83 de 128.67 c-f | 135.11 d-f
S1G; 52.63 ef 93.76 c-f 123.11c-e | 130.27 c-f | 136.29 d-f
S1G3 58.43 cd 96.29 b-e 127.53 b-d | 136.31 b-d | 140.06 b-d
S1Gy 55.64 de 95.41 b-e 126.03 b-e | 133.55b-e | 138.64 c-e
S,G1 60.11 b-d 98.62a-d | 129.77a-d | 137.21a-d | 144.87 a-c
S26G; 61.46 bc 101.33a-c | 132.97a-c | 139.30a-c | 147.18ab
S2G3 67.58 a 106.27 a 138.31a 147.58 a 150.44 a
S2Gy 65.33 ab 102.87 ab 134.61ab | 142.43ab | 148.27 ab
S36G1 43.61 h 81.67 9 103.33 g 121.83 f 125.38 g
SsG 45.76 gh 85.50 fg 108.27fg | 123.25ef | 128.92fg
S3G3 49.27 f-h 90.13 ef 116.43 ef 126.57 d-f | 132.22 d-g
SsGas 46.80 gh 88.3le-g | 110.65fg | 124.19ef | 130.67 e-g
LSDo.05 5.67 8.34 9.89 10.72 8.22
CV% 6.11 5.22 4.76 4.77 3.52

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s)

differ significantly at 0.05 level of probability.

Notes viz:

G;= Random Geometry

S;= Sowing on 25" October G,=25cmx5cm
G3;=30cm x5cm

G,=35cmx5cm

S,= Sowing on 10™ November
Ss= Sowing on 30" November

4.2 Leaves plant™ (no.)
4.2.1 Effect of sowing time

There was a gradual increase of leaves plant™ of mustard observe up to 75 DAS and
finally a little decrease occurred at harvesting time. Sowing time showed significant
variation on leaves plant™ in the whole growing period (Figure 3). The highest leaves
plant™ (19.34, 28.43, 37.35, 46.82 and 39.73 at 30, 45, 60, 75 DAS and harvest,

respectively) was recorded from the treatment S, and the lower leaves plant™ (15.92,
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22.99, 30.87, 38.15 and 28.01 at 30, 45, 60, 75 DAS and harvest, respectively) was
recorded from the treatment S;. The result of the experiment coincided with the
findings of Alam et al. (2015) who reported that number of leaves plant™ showed

significant influence due to different sowing times.
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S,= Sowing on 25™ October, S,= Sowing on 10" November and S;= Sowing on 30" November

Figure 3. Effect of sowing time on the leaves plant™ of mustard at different days
after sowing (LSDgos= 0.82, 1.49, 1.38, 1.43 and 1.25 at 30, 45, 60, 75
DAS and harvest, respectively)

4.2.2 Effect of planting geometry

Similar trend of increasing leaves plant™ of mustard was observed due to variation in
planting geometry. Planting geometry showed significant variation on leaves plant™
of mustard in the whole growing period (Figure 4). The highest leaves plant™ (18.29,
26.68, 35.03, 44.19 and 35.70 at 30, 45, 60, 75 DAS and harvest, respectively) was
recorded from planting geometry G which was statistically at par with G4 and G, at
30, 45 and 60 DAS; with G4 at 75 DAS. Planting geometry G; consistently produced
lowest leaves plant™ (16.96, 24.32, 32.91, 40.00 and 31.32 at 30, 45, 60, 75 DAS and
harvest, respectively) which was statistically at par with G, at 75 DAS. Ahamed et al.
(2019) revealed that the maximum number of leaves plant™, branches plant?, dry
matter weight plant?, siliqua plant™ and seed silliqua™® were recorded from the

treatment line to line space 30 cm.
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Figure 4. Effect of planting geometry on the leaves plant™ of mustard at different
days after sowing (LSDgs= 0.95, 1.73, 1.60, 1.65 and 1.44 at 30, 45, 60,
75 DAS and harvest, respectively)

4.2.3 Interaction effect of sowing time and planting geometry

Similar trend of increasing leaves plant™ of mustard was observed due variation in
sowing time and planting geometry. Interaction of sowing time and planting geometry
showed significant variation on leaves plant™ of mustard in the whole growing period
(Table 2 and Appendix V). The highest leaves plant™ (20.07, 29.67, 39.20, 50.93 and
42.32 at 30, 45, 60, 75 DAS and harvest, respectively) were recorded from treatment
combinations S,Gz which was statistically at par with S,G4, S;G, and S,G; at 30
DAS; with S,G, and S,G, at 45 and 60 DAS. Treatment combination S3;G;
consistently produced lowest leaves palnt™ (15.21, 21.52, 30.05, 36.74 and 26.33 at
30, 45, 60, 75 DAS and harvest, respectively) which was statistically at par with S3;Go,
S3Gzand S;G4 at 30, 45, 60 and 75 DAS; with S3G, and S3G4 at harvest.
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Table 2. Combined effect of sowing time and planting geometry on number of

leaves plant™ at different days after sowing of mustard

Treatment Number of leaves plant™ at different days after sowing
combinations 30 45 60 75 At harvest

S16G1 16.92 d-g 24.77 de 32.95 ef 39.71e-h 30.83 fg
S16G; 17.65 c-f 25.19 de 33.37 d-f 40.87 d-g 32.43 ef
S1G3 18.33 b-d 26.25 b-d 34.21 c-e 42.48 c-e 34.87 de
S1G4 17.97 b-e 25.81 cd 33.88 de 41.83 d-f 33.55¢e
S,G1 18.75 a-c 26.67 b-d 35.73 b-d 43.57cd | 36.81cd
S2G; 19.13 a-c 28.41 a-c 36.85 a-c 45.24 bc 39.11 bc
S2G3 20.07 a 29.67 a 39.20 a 50.93 a 42.32 a
S,G4 19.40 ab 28.95 ab 37.61ab 47.55 b 40.67 ab
S3G3 15.21 h 21.52 f 30.059 36.74 i 26.33 h
S3G; 15.83 gh 22.58 ef 30.77 fg 38.00 hi 27.27 h
S3G3 16.48 e-h 24.11 d-f 31.67 e-g 39.18 f-i 29919
S3G4 16.17 f-h 23.75 d-f 31.00 fg 38.67 g-i 28.53 gh

LSDo 05 1.65 2.99 2.76 2.85 2.50
CV% 5.51 6.89 4.81 4.01 4.40

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s)

differ significantly at 0.05 level of probability.

Notes viz:
G;= Random Geometry
S;= Sowing on 25" October G,=25cmx5¢cm
S,= Sowing on 10" November G;=30cm x5¢cm
Ss= Sowing on 30" November G,=35cmx5cm

4.3 Branches plant™ (no.)
4.3.1 Effect of sowing time

Primary and secondary branches plant” of mustard was gradually increased up to
harvest. Sowing time had significant effect on total number of branches plant™ in the
whole growth period (Figure 5). The results of the experiment revealed that, the
maximum number of branches plant™ (4.35, 6.08, 6.75, 7.15 and 6.93 at 30, 45, 60, 75
DAS and harvest, respectively) was observed in sowing time S, and the minimum
ones (2.67, 4.73, 5.11, 5.53 and 5.38 at 30, 45, 60, 75 DAS and harvest, respectively)
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was observed in sowing time Sz. The findings of the experiment was similar with the
findings of Lakra et al. (2018) who reported that sowing on 27" October was recorded
significantly higher number of branches, seeds per siliquae, siliquae per plant, 1000
seed weight, and seed yield than that on 07" November, 17" November and 27"

November.
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S,= Sowing on 25™ October, S,= Sowing on 10" November and S;= Sowing on 30" November

Figure 5. Effect of variety on the primary branches plant® of mustard at
different days after sowing (LSDg 0= 0.22, 0.27, 0.29, 0.23 and 0.19 at
30, 45, 60, 75 DAS and harvest, respectively)

4.3.2 Effect of planting geometry

Number of branches plant™ of mustard was gradually increased up to 75 DAS and
slightly decreased at harvest. Planting geometry had significant effect on number of
branches plant™ of mustard in the whole growth period (Figure 6). The results of the
experiment revealed that, the maximum number of branches plant™ (3.80, 5.71, 6.15,
6.59 and 6.44 at 30, 45, 60, 75 DAS and harvest, respectively) was observed in
planting geometry G; which was statistically similar with G4 at 30, 45, 60 and 75
DAS. On the other hand the minimum number of branches plant™ (3.07, 5.16, 5.63,
6.04 and 5.86 at 30, 45, 60, 75 DAS and harvest, respectively) was observed in
planting geometry G; which was statistically similar with G; at 45, 60, 75 DAS and at
harvest except 30 DAS. Similar trends was observed by Lakra et al. (2018) who
revealed that number of branches plant™ significantly higher on the planting geometry

30 x 10 cm. Mottalebipour and Bahrani (2006) found the dissimilar result and they
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reported that increasing row spacing significantly increased the values of almost all

yield attributes but it had no significant effect on number of branches plant™.
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Figure 6. Effect of planting geometry on the number of branches plant™ of
mustard at different days after sowing (LSD 5= 0.25, 0.32, 0.33, 0.27
and 0.22 at 30, 45, 60, 75 DAS and harvest, respectively)

4.3.3 Interaction effect of sowing time and planting geometry

There was a gradual increase of primary branches plant™ of mustard was observed up
to 75 DAS and slightly decreased at harvest. Interaction of sowing time and planting
geometry had significant effect on number of branches plant™ of mustard in the whole
growth period (Table 3 and Appendix VI). The results of the experiment revealed
that, the maximum number of branches plant™ (4.87, 6.40, 7.00, 7.43 and 7.23 at 30,
45, 60, 75 DAS and harvest, respectively) was observed in treatment combination
S»G3 which was statistically similar with S,G4 at 30 DAS; with S,G,4 and S,G; at 45,
60, 75 DAS and at harvest. On the other hand the minimum number of branches plant
1(2.40, 4.33, 4.81, 5.18 and 5.00 at 30, 45, 60, 75 DAS and harvest, respectively) was
observed in treatment combination S3G; which was statistically similar with S3G, and
S3G4 at 30, 45 and 60 DAS; with S3G; at 75 DAS and finally at harvest.
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Table 3. Combined effect of sowing time and planting geometry on number of

branches plant™ at different days after sowing of mustard

Treatment Number of branches plant™ at different days after sowing
combinations 30 45 60 75 At harvest

S16G1 3.00 f-h 5.33 de 5.67 d-f 6.00 ef 5.87 e-g
S1G; 3.27e-g 5.41c-e 5.73 d-f 6.13 d-f 6.03 ef
S1G3 3.65 de 5.72 b-d 6.03 cd 6.52 cd 6.43 cd
S1G4 3.43 d-f 5.63 b-d 5.84 c-e 6.33 de 6.19 de
S,G1 3.81cd 5.81 b-d 6.41 bc 6.93 bc 6.72 bc
S2G; 4.20 bc 5.93 a-c 6.67 ab 7.05 ab 6.87 ab
S2G3 4.87 a 6.40 a 7.00 a 743 a 7.23a
S:Gy 4.50 ab 6.17 ab 6.93 ab 7.19ab 6.90 ab
S3G3 2400 4334 4.81h 5.18 h 5.00i
S:G; 2.67 hi 4.71fg 5.03 gh 5.43 gh 5.33 hi
S5Gs 2.87 gh 5.00 ef 5.41 e-g 5.83 fg 5.67 f-h
SsG4 2.73 hi 4.87 e-g 5.19 f-h 5.67 fg 5.50 gh

LSDo 05 0.44 0.55 0.58 0.47 0.37
CV% 7.55 5.95 S5.77 4.36 3.59

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s)

differ significantly at 0.05 level of probability.

Notes viz:
G;= Random Geometry
S;= Sowing on 25" October G,=25cmx5c¢cm
S,= Sowing on 10™ November G3;=30cm x5cm
S3;= Sowing on 30" November G,=35cmx5c¢cm

4.4 Dry matter weight plant™ (g)
4.4.1 Effect of sowing time

There was a gradual increase of dry mater weight plant™ was observed from 30 DAS
up to harvest. Dry matter weight plant™ of mustard significantly varied due to varied
sowing time (Figure 7). Data revealed that, the maximum dry matter weight pant™
(5.59, 16.87, 22.80, 36.71 and 40.79 g at 30, 45, 60, 75 DAS and harvest,
respectively) was scored by S, and the minimum one (4.59, 14.60, 20.53, 33.77 and
35.90 g at 30, 45, 60, 75 DAS and harvest, respectively) was scored by Sz. Similar
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results was observed by Singh et al. (2016) who reported that dry matter accumulation
(g plant™) increased significantly under 25™ October sowing. Sharif et al. (2016)
revealed that the maximum total dry matter, leaf area index was obtained from the
first sowing (30 November) with BINA Sharisha-5. Tripathi et al. (2021) revealed the
similar trends of result. They revealed that varieties (10 November and Varuna)
superior compare to rest of treatment. However, highest growth attributes (plant
height, dry matter accumulation, Days taken to 50% flowering, number of tillers, LAI
and yield and yield attributes (No. of siliqua per plant, length of siliqua (cm), test
weight, seed yield (q ha™) grain yield, stover yield, biological yield, and harvest

index) was recorded under 10 November and Varuna variety.
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Figure 7. Effect of sowing time on the dry matter weight plant™ of mustard at
different days after sowing (LSDggs= 0.17, 0.40, 0.52, 0.98 and 1.26 at
30, 45, 60, 75 DAS and harvest, respectively)

4.4.2 Effect of planting geometry

Dry matter is the constant dry weight of a plant. It is one of the important parameter
which determines the partitioning of the photosynthates of a plant during grain filling
stage. There was a gradual increase of dry mater weight plant™ which was observed
from 30 DAS up to harvest in case of planting geometry. Dry matter weight plant™ of
mustard significantly varied due to planting geometry through the whole growing
period (Figure 8). Data revealed that, the maximum dry matter weight pant™ (5.29,
16.21, 22.06, 35.50 and 39.57 g at 30, 45, 60, 75 DAS and harvest, respectively) was
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scored by Gs which was statistically similar with G4 at 30, 45 and 75 DAS; with G,
and G, at 60 DAS and harvest. On the other hand the minimum ones (4.85, 15.26,
21.28, 33.49 and 37.59 g at 30, 45, 60, 75 DAS and harvest, respectively) was scored
by G; which was statistically similar with G, at 30, 45 and 75 DAS. The result of the
investigation was in coincidence with the findings of Gawariya et al. (2015) who
reported that crop geometry of 30 x 20 cm recorded significantly higher seed yield
with better utilization of space, nutrients, water and sunshine resulting in higher dry
matter translocation to yield components as compared to 60 x 15, 45 x 15, 45 x 20, 45

x 25 and 30 x 25 cm crop geometry.
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Figure 8. Effect of planting geometry on the dry matter weight plant™ of mustard
at different days after sowing (LSDy 5= 0.20, 0.47, 0.59, 1.14 and 1.46 at
30, 45, 60, 75 DAS and harvest, respectively)

4.4.3 Interaction effect of sowing time and planting geometry

There was a gradual increase of dry mater weight plant™ was observed from 30 DAS
up to harvest in case of sowing time and planting geometry. Dry matter weight plant™
of mustard significantly varied due to interaction of sowing time and planting
geometry through the whole growing period (Table 4 and Appendix VII). Data
revealed that, the maximum dry matter weight pant™ (5.86, 17.45, 23.09, 37.62 and
42.29 g at 30, 45, 60, 75 DAS and harvest, respectively) was scored by treatment
combination S,G3 which was statistically similar with S,G,4 at 30 DAS; with S,G4 and
S»G; at 45 DAS; with S;G4, S;G; and S,G; at 60, 75 DAS and at harvest. On the other
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hand the minimum ones (4.42, 14.11, 19.87, 30.85 and 34.93 g at 30, 45, 60, 75 DAS
and harvest, respectively) was scored by treatment combination S3G; which was
statistically similar with S3G, and S3G4 at 30, 45, 60 and 75 DAS; with S3G;, S3Gg,

and S;G, at harvest.

Table 4. Combined effect of sowing time and planting geometry on dry matter
weight plant™ at different days after sowing of mustard

Treatment Dry matter weight plant™ (g) at different days after sowing
combinations 30 45 60 75 At harvest
S:16G; 4.81e-g 15.33 e-g 21.43 d-g 33.64d-f | 38.00c-f
S16G; 4.97 d-f 15.72 d-f 21.67 c-f 34.45c-e | 38.70 b-e
S1G3 5.23 cd 16.19 cd 22.07 a-d 35.72 a-c 39.62 bc
S1G4 5.06 de 15.97 c-e 21.91 b-e 35.13 b-d | 39.06 b-d
S2:G1 5.3l cd 16.33 b-d 22.53 a-C 36.00a-c | 39.85a-C
S26G; 5.50 bc 16.67 a-c 22.77 ab 36.43ab | 40.17 a-c
S2G3 5.86a 17.45 a 23.09 a 37.62a 42.29 a
S2G4 5.67 ab 17.03 ab 22.81ab 36.79ab | 40.83ab
S36G1 4.42h 14.11 i 19.87 h 30.85h 34939
SsG 453 gh 14.44 hi 20.51 gh 31.27gh | 35.67fg
S3G3 4.77 e-g 15.00 f-h 21.03 e-g 33.15e-g | 36.81d-g
S3Gy 4.65 f-h 14.83 g-i 20.72 f-h 31.81f-h | 36.19 e-g
LSDy.05 0.35 0.80 1.03 1.97 2.52
CV% 4.05 3.04 2.81 3.38 3.87

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s)

differ significantly at 0.05 level of probability.

Notes viz:
S,= Sowing on 25" October

S,= Sowing on 10" November
Ss= Sowing on 30" November
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4.5 Siliquae plant™ (no.)
4.5.1 Effect of sowing time

There was marked difference in siliquae plant™ of mustard due to varied sowing time
(Figure 9). Result of the experiment showed that, the maximum and minimum
siliquae plant™ (136.17 and 121.78) was produced by S, and Ss, respectively. Similar
results were observed by Mondal et al. (2011), Kumari et al. (2012) and Singh et al.
(2016). They reported that number of siliquae plant™ were significantly higher with 1%
November (97) as compared to 20™ October (86), 10™ November (71.0), 20"
November (57.3) and 30" November (69.7) sowings. Alam et al. (2014) observed that
interaction effect of variety and sowing date significantly influenced the number of
siliquae per plant was recorded from BJDH-11 and BARI Sarisha-16 of Brassica

juncea at 25 November planting.
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Figure 9. Effect of sowing time on the siliquae plant™ of mustard (LSDg 5= 4.48)

4.5.2 Effect of planting geometry

There was marked difference in siliquae plant™ of mustard due to variation in planting
geometry (Figure 10). Result of the experiment showed that, the maximum siliquae
plant™ (131.84) was produced by G; treatment which was statistically similar with G,
and G,. The minimum siliquae plant™ (126.15) was produced by G; treatment which

was statistically dissimilar with other treatments. Hasanuzzaman (2008) observed the
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similar trends of result that number of siliquae plant® was higher on row spacing

geometry with two irrigations at 30 and 60 DAS.
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G;= Random geometry, G,=25cm x5 cm, Gs=30cm x 5cmand G,=35cm x 5 cm
Figure 10. Effect of planting geometry on the siliquae plant® of mustard
(LSD0,05: 517)

4.5.3 Interaction effect of sowing time and planting geometry

There was marked difference in siliquae plant™ of mustard due to variation in the
interaction of sowing time and planting geometry (Table 5 and Appendix VIII).
Result of the experiment showed that, the maximum siliquae plant™ (139.80) was
produced by S,G; treatment combination which was statistically similar with S;Gy,
S,Gy, S,G1, 1G4, and S;Gs. The minimum siliquae plant™ (118.27) was produced by

S3G; treatment which was statistically similar with S3G,, S3Gs, S3G4, and S;G;.
4.6 Length of siliqua (cm)
4.6.1 Effect of sowing time

Length of siliqua was significantly influenced by varied sowing time (Figure 11).
From the results of the experiment, higher and lower length of siliqua (5.24 and 4.61
cm) was recorded from S, and Ss. The result of the investigation was in conformity to
the findings of Singh et al. (2016) who reported that length of siliqua (cm) was
significantly higher on 25" October sowing with variety Coral-437. 25" October
sowing with Coral-437 variety proved the most remunerative and economically

feasible for cultivation of Indian mustard under the agro climatic conditions of eastern
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U.P. Tripathi et al. (2021) observed that length of siliqua (cm) was recorded maximum

was recorded under 10 November sowing with Varuna variety.
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S,= Sowing on 25" October, S,= Sowing on 10" November and S;= Sowing on 30" November

Figure 11. Effect of sowing time on length of siliqua of mustard (LSDg os= 0.19)

4.6.2 Effect of planting geometry

Length of siliqua of mustard was significantly influenced by varied planting geometry
(Figure 12). The result of the experiment revealed that the highest length of siliqua
(5.05 cm) was recorded from Gj treatment which was statistically similar with rest of
the planting geometry except G; and the lowest length of siliqua (4.82 cm) was
recorded from G; treatment. Hasanuzzaman (2008) revealed that length of siliqua was
affected significantly by row spacing planting (30 cm) along with two irrigations at 30
and 60 DAS. Dissimilar result was observed by Biswas et al. (2019) who reported that
almost all the studied parameters were found statistically similar under two planting
techniques (conventional sowing and sowing seeds in puddle soil) except siliqua
length that was higher (5.51 cm) in conventional method compared to that of sowing
in puddled soil (5.14 cm).
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Figure 12. Effect of planting geometry on the length of siliqua of mustard
(LSD0.05: 021)

4.6.3 Interaction effect of sowing time and planting geometry

There was marked difference in length of siliqua of mustard due to variation in the
interaction of sowing time and planting geometry (Table 5 and Appendix VIII).
Result of the experiment showed that, the highest length of siliqua (5.31 cm) was
produced by S,G3 treatment combination which was statistically similar with S;Gy,
S2Gy, S;Gy1, S1Gy, and S;Gs. The lowest length of siliqua (4.47 cm) was produced by
S3G; treatment which was statistically similar with S3G,, S3G3, S3G4, and S;G;.

4.7 Seeds siliqua™ (no.)

4.7.1 Effect of sowing time

There was marked difference in seeds siliqua™ of mustard due to varied sowing time
(Figure 13). Result of the experiment showed that, the maximum and minimum seeds
siliqua™ (12.59 and 10.84) was produced by S, and Ss, respectively. Similar trends
was also found by Lakra et al. (2018) who reported that Sowing on 27" October was
recorded with significantly higher number of branches, seeds per siliquae, siliquae per
plant, 1000 seed weight, and seed yield than that on 07" November, 17" November
and 27" November. Bikshapathi et al. (2021) observed that highest no. of seeds per
siliqua (15.5) was recorded with treatment no.1 Varuna + 5" December sowing and
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maximum test weight was recorded with treatment no. 5 Mahyco Bold+ 10

December.
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S,= Sowing on 25" October, S,= Sowing on 10" November and S;= Sowing on 30" November

Figure 13. Effect of sowing time on the seeds siliqua™ of mustard (LSDg 5= 0.41)

4.7.2 Effect of planting geometry

There was marked difference in seeds siliqua™ of mustard due to variation in planting
geometry (Figure 14). Result of the experiment showed that, the maximum seeds
siliqua™ (12.12) was produced by Gs treatment which was statistically similar with G,
and G,. The minimum seeds siliqua™ (11.42) was produced by G; treatment which
was statistically dissimilar with other treatments. The findings of the investigation
was in coincided with the findings of Lakra et al. (2018) who revealed that seeds per
siliquae was higher on planting geometry of 30 x 10 cm which was found to be
suitable for the Indian mustard var. sown on 27" October. Hasanuzzaman (2008) also
revealed that seeds per siliqua of rapeseed were produced higher on 30 cm row

spacing.
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Figure 14. Effect of planting geometry on the seeds siliqua™ of mustard (LSDg 5=
0.47)

4.7.3 Interaction effect of sowing time and planting geometry

There was marked difference in seeds siliqua™ of mustard due to variation in the
interaction of sowing time and planting geometry (Table 5 and Appendix VIII).
Result of the experiment showed that, the maximum seeds siliqua™® (12.95) was
produced by S,G3 treatment combination which was statistically similar with S;G,,
S,Gy, S:G1, 1G4, and S1Gs. The minimum seeds siliqua™ (10.42) was produced by
S3G; treatment which was statistically similar with S3G,, S3G3 and S3Gg.

4.8 1000 seed weight (g)
4.8.1 Effect of sowing time

Considerable variation on 1000 seed weight was found due to different sowing time
(Figure 15). The maximum 1000 seed weight (4.83 g) was found from S, and the
minimum one (4.37 g) was from Ss. Lakra et al. (2018) found that sowing on 27"
October was recorded significantly higher number of seeds per siliquae, siliquae per
plant, 1000 seed weight, and seed yield than that on 07" November, 17" November
and 27" November. Devi and Sharma (2017) revealed that 1000 seed weight and seed
siliqua™ did not vary significantly among different dates of sowing. Sharif et al.
(2016) observed the similar trends of result and they stated that 1000-grain weight
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was highest from the first sowing (30 November) with BINA Sharisha-5 and it was

significantly different from the yields of all other combination.
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S,= Sowing on 25™ October, S,= Sowing on 10" November and S;= Sowing on 30" November

Figure 15. Effect of sowing time on the 1000 seed weight of mustard (LSDg 5=
0.15)

4.8.2 Effect of planting geometry

There was marked difference in 1000 seed weight of mustard due to variation in
planting geometry (Figure 16). Result of the experiment showed that, the maximum
1000 seed weight (4.70 g) was produced by Ggs treatment which was statistically
similar with G4 and G,. The minimum 1000 seed weight (4.51 g) was produced by G;
treatment which was statistically dissimilar with other treatments. Lakra et al. (2018)
found that the similar trends of result. They revealed that 1000 seed weight was
maximum with 30 cm row to row and 10 cm plant to plant spacing (30 x 10 cm) crop
geometry. A planting geometry of 30 x 10 cm was found to be suitable for the Indian
mustard. Hasanuzzaman (2008) revealed that the effect of planting pattern on 1000

seeds weight was more significant.
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Figure 16. Effect of planting geometry on the 1000 seed weight of mustard
(LSD0.05: 017)

4.8.3 Interaction effect of sowing time and planting geometry

There was marked difference in 1000 seed weight of mustard due to variation in the
interaction of sowing time and planting geometry (Table 5 and Appendix VIII).
Result of the experiment showed that, the maximum 1000 seed weight (4.95 g) was
produced by S,G3 treatment combination which was statistically similar with S;Gg,
S2Gy, S;G; and S;G3. The minimum 1000 seed weight (4.31 g) was produced by S3G;
treatment which was statistically similar with S3G,, S3G3, S3G4, S1G2 and S;Ga.
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Table 5. Combined effect of sowing time and planting geometry on number of

siliquae plant™, length of siliqua, seeds siliqua™ and weight of 1000-seed

of mustard
Treatment Siliquae Length of | Seeds siliqua™ weight of
combinations | plant® (no.) | siliqua (cm) (no.) 1000-seed ()

S16G1 126.67 c-f 4.81 c-f 11.51d-g 4.50 c-e
S16G; 128.17 b-e 4.89 b-e 11.75 c-f 4.59 b-e
S1G3 131.42 a-d 5.09 a-d 12.17 a-d 4.70 a-c
S1G4 130.91 a-d 5.03 a-d 11.87 b-e 4.63 b-d
S:Gy 133.51 a-c 5.18 a-c 12.33 a-c 4.73 a-c
S2G; 135.23 a-c 522 ab 12.42 a-c 4.81 ab
S.G3 139.80 a 53la 12.95a 4.95a
S,G4 136.14 ab 5.25 ab 12.67 ab 4.84 ab
S3G3 118.27 f 447 f 10.42 h 43le
S3G; 121.83 ef 4.59 ef 10.77 gh 4.36 de
S3G3 124.31 d-f 4.74 d-f 11.23 e-h 4.44 c-e
S3G4 122.71 d-f 4.62 ef 10.95 f-h 4.39 de

LSDo.0s 8.95 0.37 0.82 0.29
CV% 4.10 4.45 411 3.77

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s)

differ significantly at 0.05 level of probability.

Notes viz:
G;= Random Geometry
S,= Sowing on 25™ October G,=25cmx5cm
S,= Sowing on 10™ November G3=30cmx5cm
S3;= Sowing on 30" November G,=35cmx5cm

4.9 Seed yield (t ha™)
4.9.1 Effect of sowing time

Sowing time exerted significant variation on the seed yield (Figure 17). The result of
the investigation expressed that the higher seed yield (2.16 t ha™') was recorded from
S, whereas the lower one (1.68 t ha™') was from Ss. Similar result was also observed
by Lakra et al. (2018) who reported that seed yield decreased progressively with delay

in planting. Sowing on 27" October was recorded significantly higher number of
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branches, seeds per siliquae, siliquae per plant, 1000 seed weight, and seed yield than
that on 07" November, 17" November and 27" November. Shah and Rahman (2009)
revealed that the seed yield was found remarkably higher with 25" September (3.6 t
ha™) sowing as compared to 5™ October (2.8 t ha™), 15 October (2.3 t ha™), 15"
September (1.7 t ha®), 25™ October (1.3 t ha®) , 5™ November (1.06 t ha™) and 15"
November (0.5 t ha') sowings. Sattar et al. (2013) also revealed that seed yield,
protein and oil contents of all cultivars were decreased due to delayed sowing.
Cultivar Zafar-2000 produced the maximum seed yield, protein and oil contents when
planted earlier (15™ October). It can be concluded that cultivar Zafar-2000 should be
sown 15™ October for attaining the maximum seed yield and oil contents under the
sub-tropical climate of Pakistan. Ranabhat et al. (2021) also found the similar trends
of result. They observed that in case of sowing dates, higher seed yield was obtained
in October 4 sown crop (15.93 q ha™) followed by October 24 (7.47 q ha™) and
November 14 (2.29 q ha™*).The higher seed yield obtained in early sowing is due to
shorter vegetative and longer reproductive phase. The comparison of mean values of
the seed yield for interaction between variety and sowing date showed that variety
Surkhet Local sown in October 4 plant had the highest seed yield (16.33 q ha™)

followed by variety Unnati on same sowing date (15.54 g ha™).
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S,= Sowing on 25" October, S,= Sowing on 10" November and S;= Sowing on 30" November

Figure 17. Effect of sowing time on the seed yield of mustard (LSDg 5= 0.13)
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4.9.2 Effect of planting geometry

Planting geometry exerted significant variation on the seed yield of mustard (Figure
18). The result of the investigation expressed that the highest seed yield (2.00 t ha™)
was recorded from Gj; followed by G, (1.95 t ha) and G, (1.89 t ha™) whereas the
lowest one (1.82 t ha™) was from G;. Similar trends of the finding was also observed
by Gawariya et al. (2015) who reported that crop geometry of 30 x 20 cm recorded
significantly higher seed yield (1.8 t ha™®) with better utilization of space, nutrients,
water and sunshine resulting in higher dry matter translocation to yield components as
compared to 60 x 15, 45 x 15, 45 x 20, 45 x 25 and 30 x 25 cm crop geometry. Lakra
et al. (2018) revealed that planting geometry of 30 x 10 cm was found to be suitable
for the Indian mustard production. Faraji (2004) observed that a decrease in row
spacing resulted in the increase in number of siliqua plant™, number of seed siliqua™
and seed yield. Row spacing at 12 cm and the sowing rate of 6 kg seed ha™ produced
the highest seed yield of 5044 kg ha™. Venkaraddi (2008) found the similar results
and he reported that mustard seed yield (1326 kg ha™), oil yield (570.03 kg ha™), net
returns (23107 Rs. ha™) and B:C ratio (3.12) were higher with variety Pusa Agram

sown during Il fortnight of September at 30 cm row spacing.
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Figure 18. Effect of planting geometry on the seed yield of mustard (LSDg 5=
0.15)
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4.9.3 Interaction effect of sowing time and planting geometry

There was marked difference in seed yield of mustard due to variation in the
interaction of sowing time and planting geometry (Table 6 and Appendix IX). Result
of the experiment showed that, the maximum seed yield (2.24 t ha™*) was produced by
S,G3 treatment combination which was statistically similar with S;G4, S;G,, S,G; and
S1Gs. The minimum seed yield (1.58 t ha™®) was produced by S3;G; treatment which
was statistically similar with S3G;, S3G3, S3G4, S1G2 and S;G;.

4.10 Stover yield (t ha™)
4.10.1 Effect of sowing time

Sowing time exerted significant variation on the stover yield (Figure 19). The result of
the investigation expressed that the higher stover yield (4.22 t ha™) was recorded from
S, whereas the lower one (2.84 t ha™) was from S;. Similar result was found by Singh
et al. (2016) who suggested that stover yields of mustard crop were significantly
higher with variety Coral-437 sowing on 25" October. 25" October sowing with
Coral-437 variety proved the most remunerative and economically feasible for
cultivation of Indian mustard under the agro climatic conditions of eastern U.P. Alam
et al. (2014) revealed the dissimilar result. They stated that the maximum stover yield
(3758 and 3825 kg ha™) was obtained from BJDH-11 and BARI Sarisha-16 of
Brassica juncea at 25™ November planting.
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S,= Sowing on 25™ October, S,= Sowing on 10" November and S;= Sowing on 30" November

Figure 19. Effect of sowing time on the stover yield of mustard (LSDg 5= 0.26)

49



4.10.2 Effect of planting geometry

Planting geometry exerted significant variation on the stover yield of mustard (Figure
20). The result of the investigation expressed that the highest stover yield (3.76 t ha)
was recorded from Gs followed by G, (3.60 t ha™') whereas the lowest one (3.24 t ha™)
was from G; which was statistically similar with G, (3.44 t ha*). Similar result was
also observed by Raghuvansi et al. (2019) who reported that seed yield, biological
yield and harvest index were recorded significantly higher with 30 cm x 10 cm as

compared to other planting geometries.
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G;= Random geometry, G,=25cm x5 cm, G3=30cm x 5 cmand G4,=35cm x 5 cm

Figure 20. Effect of planting geometry on the stover yield of mustard (LSDg 5=
0.30)

4.10.3 Interaction effect of sowing time and planting geometry

There was marked difference in stover yield of mustard due to variation in the
interaction of sowing time and planting geometry (Table 6 and Appendix IX). Result
of the experiment showed that, the maximum stover yield (4.54 t ha™) was produced
by S,G3 treatment combination which was statistically similar with S,G,4 and S,G..
The minimum stover yield (2.63 t ha™) was produced by S3G; treatment which was
statistically similar with S3G,, S3G3 and S3Gg.
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4.11 Biological yield (t ha™)
4.11.1 Effect of sowing time

Sowing time exerted significant variation on the biological yield of mustard (Figure
21). The result of the investigation expressed that the highest biological yield (6.37 t
ha™) was recorded from S, whereas the lower one (4.51 t ha™) was from Ss. The
results of the experiment was in coincidence with the findings of Ranabhat et al.
(2021) who reported that biological yield was higher on early sowing. The higher seed
yield, stover yield and biological yield obtained in early sowing are due to shorter
vegetative and longer reproductive phase. Tripathi et al. (2021) also revealed the
similar result and stated that 10 November and Varuna variety superior compare to
rest of treatment. However, highest growth attributes (plant height, dry matter
accumulation, Days taken to 50% flowering, number of tillers, LAl and yield and
yield attributes (No. of siliqua per plant, length of siliqua (cm), test weight, seed yield
(q ha™) grain yield, stover yield, biological yield, and harvest index) was recorded
under 10 November and Varuna variety, and oil character.
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S,= Sowing on 25™ October, S,= Sowing on 10" November and S;= Sowing on 30™ November

Figure 21. Effect of sowing time on the biological yield of mustard (LSDggs=
0.36)

4.11.2 Effect of planting geometry

Planting geometry exerted significant variation on the biological yield of mustard
(Figure 22). The result of the investigation expressed that the highest biological yield
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(5.76 t ha*) was recorded from Gs followed by G, (5.55 t ha™) whereas the lowest one
(5.06 t ha™) was from G; which was statistically similar with G, (5.33 t ha'*). Similar
result was also observed by Lakra et al. (2018). Dissimilar result was observed by
Ahamed et al. (2019) who reported that the highest biological yield per hectare (5.08 t
ha') was obtained from broadcast method with BARI Sarisha-15 treatment
combination. Raghuvansi et al. (2019) stated that biological yield (kg ha) and
harvest index were recorded significantly higher with 30 cm % 10 cm as compared to
other planting geometries.
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G;= Random geometry, G,=25cm x5 cm, G3=30cm x 5 cmand G4=35cm x 5 cm

Figure 22. Effect of planting geometry on the biological yield of mustard
(LSDg,05= 0.42)

4.11.3 Interaction effect of sowing time and planting geometry

There was marked difference in biological yield of mustard due to variation in the
interaction of sowing time and planting geometry (Table 6 and Appendix IX). Result
of the experiment showed that, the maximum biological yield (6.78 t ha™) was
produced by S,G3 treatment combination which was statistically similar with S;G,4
and S,G,. The minimum biological yield (4.21 t ha™) was produced by S;G; treatment
which was statistically similar with S3G,, S3G3 and S3G..
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4.12 Harvest Index (%)
4.12.1 Effect of sowing time

Harvest index was significantly affected by sowing time (Figure 23). The maximum
and minimum harvest index (37.07 and 33.89 %) was recorded from Sz and S,
respectively. The result of the experiment was in coincided with the findings of Sattar
et al. (2013) who reported that the decline of grain yield with delay in sowing date
could be largely explained by the decline in biomass at maturity while for protein and
oil contents it could be related positively to harvest index and seed size, and
negatively to temperature conditions at post-anthesis stage. Ranabhat et al. (2021)
stated that sowing date significantly impacted on harvest index of mustard. Tripathi et
al. (2021) also observed the similar results and reported that harvest index was higher

on 10" November sowing than 15" October and 5™ December.
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Figure 23. Effect of sowing time on the harvest index of mustard (LSDgs= 0.80)

4.12.1 Effect of planting geometry

Marked variation was observed on harvest index of mustard by planting geometry
(Figure 24). The maximum and minimum harvest index (36.11 and 34.83 %) was
recorded from G; and Gg, respectively. The result of the investigation was in
conformity to the findings of Raghuvansi et al. (2019) who revealed that harvest
index was recorded significantly higher with 30 cm x 10 cm as compared to other

planting geometries.
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Figure 24. Effect of planting geometry on the harvest index of mustard (LSDg 5=
0.92)

4.12.3 Interaction effect of sowing time and planting geometry

There was marked difference in harvest index of mustard due to variation in the
interaction of sowing time and planting geometry (Table 6 and Appendix IX). Result
of the experiment showed that, the maximum harvest index (37.50 %) was observed
by S3G; treatment combination which was statistically similar with S,G4, S,G3 and
S»G,. The minimum harvest index (33.02 %) was observed by S,G3 treatment which

was statistically similar with S,G4 and S,G..
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Table 6. Combined effect of sowing time and planting geometry on seed yield,

stover yield, biological yield and harvest index of mustard

Treatment Seed yield Stover yield Biological Harvest
combinations (thal) (tha) yield (t ha™) index (%)
S16G1 1.82 d-h 3.21e-g 5.03 e-g 36.18 a-d
S16G; 1.89c-g 3.41d-f 5.30 d-f 35.67 b-e
S1G3 2.00 a-e 3.74cd 5.74 c-e 34.86 d-f
S1G4 1.95 b-f 3.59 de 5.54 de 35.21 c-f
S:G1 2.06 a-d 3.89 b-d 5.95 b-d 34.65 d-f
S:G2 2.15a-c 4.14 a-c 6.29 a-c 34.18 e-g
S2G3 224 a 454 a 6.78 a 33.02¢g
S2G4 2.18 ab 4.29 ab 6.47 ab 33.70 fg
S3G3 1.58 h 2.63 h 4.21h 37.50 a
S:G; 1.64 gh 2.77gh 4.41 gh 37.22 ab
S3G3 1.76 e-h 3.01 f-h 4.77 f-h 36.60 a-c
S3G4 1.72 f-h 2.93 f-h 4.65 f-h 36.97 ab
LSDo 05 0.26 0.51 0.72 1.60
CV% 8.07 8.63 7.85 2.67

In a column means having similar letter(s) are statistically similar and those having dissimilar letter(s)

differ significantly at 0.05 level of probability.

Notes viz:

G;= Random Geometry
S,= Sowing on 25" October G,=25cmx5cm
S,= Sowing on 10" November G;=30cmx5cm

Ss= Sowing on 30" November G,=35cmx5cm
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CHAPTER V

SUMMARY AND CONCLUSION

The experiment was carried out at the Agronomy field of Sher-e-Bangla Agricultural
University, Dhaka, Bangladesh during October, 2019 to March, 2020 to study the
effect of planting geometry and sowing time on growth and productivity of mustard.
The experiment consisted of two factors. Factor A: Three sowing time viz., S;=
Sowing on 25" October, S,= Sowing on 10" November and S;= Sowing on 30"
November and Factor B: Four planting geometry viz.,, G;= Random geometry
(broadcasting of seeds), G,=25cm x 5 cm, G3= 30 cm x 5 cm and G4= 35 cm x 5 cm.
There were 12 treatment combinations. The total numbers of unit plots were 36. The
size of unit plot was 3.88 m? (2.5 m x 1.55 m). Data on different yield contributing
characters and yield were recorded to find out the best sowing time and optimum

planting geometry for the potential yield of mustard.

Different growth and yield contributing parameters were significantly influenced by
different sowing time. The tallest plant (63.62, 102.27, 133.92, 141.63 and 147.69 cm
at 30, 45, 60, 75 DAS and at harvest, respectively) was achieved from the treatment
S, (sowing on 10™ November), while the shortest plant (46.36, 86.40, 109.67, 123.96
and 129.30 cm at 30, 45, 60, 75 DAS and at harvest, respectively) was observed from
the treatment Sz (sowing on 30™ November). The highest leaves plant™ (19.34, 28.43,
37.35, 46.82 and 39.73 at 30, 45, 60, 75 DAS and harvest, respectively) was recorded
from the treatment S, (sowing on 10" November) while the lower leaves plant™
(15.92, 22.99, 30.87, 38.15 and 28.01 at 30, 45, 60, 75 DAS and harvest, respectively)
was recorded from the treatment S; (sowing on 30" November). The maximum
number of branches plant™ (4.35, 6.08, 6.75, 7.15 and 6.93 at 30, 45, 60, 75 DAS and
harvest, respectively) was observed in sowing time S, and the minimum ones (2.67,
4.73, 5.11, 5.53 and 5.38 at 30, 45, 60, 75 DAS and harvest, respectively) was
observed in sowing time Ss. The maximum dry matter weight pant™ (5.59, 16.87,
22.80, 36.71 and 40.79 g at 30, 45, 60, 75 DAS and harvest, respectively) was scored
by S, and the minimum one (4.59, 14.60, 20.53, 33.77 and 35.90 g at 30, 45, 60, 75
DAS and harvest, respectively) was scored by Ss;. The maximum siliquae plant™
(136.17), length of siliqua (5.24 cm), seeds siliqua™ (12.59), 1000 seed weight (4.83
g), seed yield (2.16 t ha®), stover yield (4.22 t ha), biological yield (6.37 t ha™) were
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scored by S, (sowing on 10™ November). On the other hand, the minimum siliquae
plant™ (121.78), length of siliqua (4.61 cm), seeds siliqua™ (10.84), 1000 seed weight
(4.37 g), seed yield (1.68 t ha™), stover yield (2.84 t ha™), biological yield (4.51 t ha®)
were obtained by S; (sowing on 30" November). The maximum and minimum
harvest index (37.07 and 33.89 %) was scored by Sz and S.

Different growth and yield contributing parameters were significantly influenced by
different planting geometry. The tallest plant (58.43, 97.56, 127.42, 136.82 and
140.91 cm at 30, 45, 60, 75 DAS and harvest, respectively) was achieved from the
treatment G (30 cm x 5 cm), while the shortest plant (51.55, 90.61, 117.98, 129.71
and 135.12 cm at 30, 45, 60, 75 DAS and harvest, respectively) were produced by
planting geometry G, (Random geometry). The highest leaves plant™ ((18.29, 26.68,
35.03, 44.19 and 35.70 at 30, 45, 60, 75 DAS and harvest, respectively) was recorded
from the treatment G; (30 cm x 5 cm) while the lower leaves plant™ (16.96, 24.32,
32.91, 40.00 and 31.32 at 30, 45, 60, 75 DAS and harvest, respectively) was recorded
from the treatment G; (Random geometry). The maximum number of branches plant™
(3.80, 5.71, 6.15, 6.59 and 6.44 at 30, 45, 60, 75 DAS and harvest, respectively) was
observed in planting geometry G3 and the minimum ones (3.07, 5.16, 5.63, 6.04 and
5.86 at 30, 45, 60, 75 DAS and harvest, respectively) was observed in G; (Random
geometry). The maximum dry matter weight pant™ (5.29, 16.21, 22.06, 35.50 and 39.57
g at 30, 45, 60, 75 DAS and harvest, respectively) was scored by Gz and the minimum one
(4.85, 15.26, 21.28, 33.49 and 37.59 g at 30, 45, 60, 75 DAS and harvest, respectively) was
scored by G,. The maximum siliquae plant™ (131.84), length of siliqua (5.05 cm),
seeds siliqua™ (12.12), 1000 seed weight (4.70 g), seed yield (2.00 t ha), stover yield
(3.76 t ha'), biological yield (5.76 t ha™) were scored by G3 (30 cm x 5 cm). On the
other hand, the minimum siliquae plant™ (126.15), length of siliqua (4.82 cm), seeds
siliqua™ (11.42), 1000 seed weight (4.51 g), seed yield (1.82 t ha®), stover yield (3.24
t ha), biological yield (5.06 t ha™) were obtained by G; (Random geometry). The
maximum and minimum harvest index (36.11 and 34.83 %) was scored by G;
(Random geometry) and G3 (35 cm x 5 cm).

Different growth and yield contributing parameters were significantly influenced by
the interaction effect of different sowing time and planting geometry. The tallest plant
The tallest plant (67.58, 106.27, 138.31, 147.58 and 150.44 cm at 30, 45, 60, 75 DAS

57



and harvest, respectively) was produced by treatment combination of S,G3 while the
shortest plant (43.61, 81.67, 103.33, 121.83 and 125.38 cm at 30, 45, 60, 75 DAS and
harvest, respectively) was produced by treatment combination S3G;. The highest
leaves plant™ (20.07, 29.67, 39.20, 50.93 and 42.32 at 30, 45, 60, 75 DAS and
harvest, respectively) were recorded from treatment combinations S,G3z while S3G;
consistently produced lowest leaves palnt™ (15.21, 21.52, 30.05, 36.74 and 26.33 at
30, 45, 60, 75 DAS and harvest, respectively). The maximum number of branches
plant® (4.87, 6.40, 7.00, 7.43 and 7.23 at 30, 45, 60, 75 DAS and harvest,
respectively) was observed in treatment combination S,Gz and the minimum ones
(2.40, 4.33, 4.81, 5.18 and 5.00 at 30, 45, 60, 75 DAS and harvest, respectively) was
observed in treatment combination S3Gi. The maximum dry matter weight pant™
(5.86, 17.45, 23.09, 37.62 and 42.29 g at 30, 45, 60, 75 DAS and harvest,
respectively) was scored by treatment combination S,G3 and the minimum one (4.42,
14.11, 19.87, 30.85 and 34.93 g at 30, 45, 60, 75 DAS and harvest, respectively) was
scored by treatment combination S3G;. The maximum siliquae plant™ (139.80), length
of siliqua (5.31 cm), seeds siliqua™ (12.95), 1000 seed weight (4.95 g), seed yield
(2.24 t ha™), stover yield (4.54 t ha™), biological yield (6.78 t ha™) were scored by
S,Gs treatment combination. On the other hand, the minimum siliquae plant™
(118.27), length of siliqua (4.47 cm), seeds siliqua™ (10.42), 1000 seed weight (4.31
g), seed vyield (1.58 t ha™), stover yield (2.63 t ha*), biological yield (4.21 t ha™) were
obtained by S3G; treatment combination. The maximum and minimum harvest index
(37.50 and 33.02 %) was scored by S3G; and S,G3 treatment combination.

The results in this research indicated that the plants performed better in respect of
seed yield in S,G; (2.24 t ha) treatment than the combination S;G; (1.58 t ha™)
which showed the least performance. It can be therefore, concluded from the above
study that the treatment combination S,G3 (mustard sowing on 10" November with 30
cm x 5 cm planting geometry) was found to be most suitable combination for the
potential yield of mustard in Bangladesh.
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APPENDICES

Appendix 1. Monthly records of air temperature, relative humidity and rainfall
during the period from November 2019 to March 2020

Month and RH Air temperature (°C) Rainfall
0,
year (%) Max. Min. Mean (mm)
October, 2019 58.40| 29.40 16.2 22.80 22.0
November, 2019 56.25| 28.70 8.62 18.66 14.5
December, 2019 51.75| 26.50 9.25 17.87 12.0
January, 2020 46.20| 23.70 11.55 17.62 0.0
February, 2020 37.95| 22.85 14.15 18.50 0.0
March, 2020 35.75 21.55 15.25 18.40 0.0
Source: Bangladesh Meteorological Department (Climate division), Agargaon, Dhaka-
1212.
Appendix Il. Characteristics of experimental soil analyzed at Soil Resources

Development Institute (SRDI), Farmgate, Dhaka

A. Morphological characteristics of the experimental field

Morphological features Characteristics

Location Sher-e-Bangla Agricultural University, Dhaka
AEZ Modhupur Tract (28)

General Soil Type Shallow red brown terrace soil

Land type High land

Soil series Tejgaon

Topography Fairly leveled

Flood level Above flood level

Drainage Well drained

Cropping pattern Not Applicable

Source: Soil Resource Development Institute (SRDI)

B. Physical and chemical properties of the initial soil

Characteristics Value
Partical size analysis % Sand 27
%Silt 43

% Clay 30
Textural class Silty Clay Loam
pH 6.2
Organic carbon (%) 0.45
Organic matter (%) 0.78
Total N (%) 0.03
Available P (ppm) 20
Exchangeable K ( me/100 g soil) 0.1
Available S (ppm) 45

Source: Soil Resource Development Institute (SRDI)
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Appendix I11: Layout of the experimental field

3 By

R1 R2 R3

: 1.55 Ei 0.5m im

]: S1G1 S:G2 S3G3 516, T S:6; S3G3 €« S$1G4 S:G2 S3G3

S2G4 S3G, Si1G, S2G4 S3G1 Si1G, S2G4 S3G1 S1G;

S3G; S1G4 S2G1 S3G, S1G4 S2G1 S3G, S1G4 S2G1

Si1G3 S:G3 S3G4 Si1Gs S2G3 S3G4 S1Gs S2G3 S3G4

Length of plot: 2.5 m, Width of plot: 1.55 m
Replication to replication distance: 1 m

Plot to plot distance: 0.5 m,
Unit plot size: 2.5 m x 1.55 m (3.88 m2)
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Appendix 1V. Mean square values of plant height at different days after sowing
of mustard growing under the experiment

Mean square of plant height at
Sources of | Degrees
variation | of

freedom | 30 DAS | 45DAS | 60 DAS 75 DAS | Harvest
Replication 2 417.70 2133.33 |1875.00 1093.40 |1250.40
Factor A 2 895.10** | 755.60** |1790.14** |937.84** |1018.52**
Factor B 3 81.89** |79.11* 141.91* 93.97* 55.03*
AxB 6 1.65* 2.64* 5.82* 6.91* 1.02*
Error 22 11.21 24.24 34.09 40.06 23.59

* significant at 5% level of significance
** significant at 1% level of significance

Appendix V. Mean square values of number of leaves plant™ at different days
after sowing of mustard growing during experimentation

Mean square of number of leaves plant™ at
Sources of | Degrees
variation | of

freedom | 30 DAS | 45 DAS | 60 DAS 75 DAS Harvest
Replication 2 208.58 414.02 346.94 305.02 192.00
Factor A 2 35.02** | 88.81** |126.81** |232.14** |415.50**
Factor B 3 2.82* 9.47* 7.10* 28.94** 31.34**
AxB 6 0.04* 0.44* 0.76* 4.63* 0.61*
Error 22 0.95 3.12 2.66 2.84 2.18

* significant at 5% level of significance
** significant at 1% level of significance

Appendix VI. Mean square values of number of branches plant® at different
days after sowing of mustard growing during experimentation

Mean square of number of branches plant™ at

Sources of | Degrees
variation | of
freedom | 30 DAS | 45DAS |60 DAS | 75 DAS | Harvest

Replication 2 1.45 8.00 6.35 4.61 5.27
Factor A 2 8.56** 5.53** 8.14** 7.93** 7.26**
Factor B 3 0.84** 0.52** 0.45* 0.52** 0.53**
AXxB 6 0.05* 0.02* 0.02* 0.01* 0.01*
Error 22 0.07 0.10 0.12 0.08 0.05

* significant at 5% level of significance
** significant at 1% level of significance
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Appendix VII. Mean square values of dry matter plant™” at different days after
sowing of mustard growing during experimentation

Degrees Mean square of dry matter plant™ at

Sources of
variation of

freedom | 30 DAS 45 DAS 60 DAS 75 DAS Harvest
Replication 2 7.33 73.75 96.50 199.22 228.73
Factor A 2 2.98** 15.55** 15.47** 74.19** 72.60**
Factor B 3 0.31** 1.54** 0.98* 6.52** 6.34*
AxB 6 0.01* 0.02* 0.07* 0.16* 0.23*
Error 22 0.04 0.23 0.37 1.35 2.22

* significant at 5% level of significance
** significant at 1% level of significance

Appendix VIII. Mean square values of number of siliquae plant®, length of
siliqua, number of seeds siliqua™ and weight of 1000 seeds of

mustard growing during experimentation

Mean square of
Sources of | Degrees
variation | of NU_:T)bef g Length of Number of Weight of
freedom siliquae ength o umber o eighto
plant? siliqua seeds siliqua™ | 1000-seed
Replication 2 915.78 1.77 24.85 2.35
Factor A 2 621.76** 1.21** 9.23** 0.63**
Factor B 3 52.15* 0.08* 0.78* 0.05*
AxB 6 1.94* 0.01* 0.01* 0.001*
Error 22 27.96 0.05 0.23 0.03

* significant at 5% level of significance
** significant at 1% level of significance

Appendix IX. Mean square values of seed yield, stover yield, biological yield and
harvest index of mustard growing under the experiment

Degrees Mean square of
Sources of of
variation ; ;
freedom | Seed yield Stover Biological Harvest index
yield yield
Replication 2 0.5266 4.1067 12.2816 246.86
Factor A 2 0.6984** 5.7188** 10.4127** 30.43**
Factor B 3 0.0538* 0.4466** 0.8103** 2.71*
AxB 6 0.0003* 0.0095* 0.0099* 0.08*
Error 22 0.0239 0.0919 0.1815 0.89

* significant at 5% level of significance
** significant at 1% level of significance
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