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ABSTRACT 
 

Aim: To find out the optimum harvesting stage of high yielding rapeseed-mustard varieties to fit in 
rice based cropping pattern. 
Study Design: The field study was arranged following RCB (factorial) design with three 
replications. 
Place and Duration of the Study: Agronomy field of Regional Agricultural Research Station, 
Jamalpur (located between 24°34ʹ and 25°26ʹ North latitude and 89°40ʹ and 90°12ʹ East longitude), 
Bangladesh during 2015-2016 and 2016-2017. 

Original Research Article 
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Methodology: Seeds of mustard varieties viz. BARI Sarisha-11, BARI Sarisha-14, BARI Sarisha-
15, Binasarisha-4 & Tori-7 were sown in line maintaining 30cm spacing on 02 November, 2015 and 
06 November, 2016. This varieties were harvested at four different harvesting stages viz. H1= 
Green stage of siliquae, H2= Pale yellow stage of siliquae, H3= Golden yellow stage of siliquae and 
H4= Full maturity stage of siliquae. Green stage of siliquae was determined just at seven to ten 
days after all flower droppings of crop while the pale and golden yellow stage of siliquae was 
determined when 40%-50% and 70%-80% bearing turned into light yellow and deep yellow in color 
respectively. Full maturity stage of siliqua was determined when lower bearing just brust out. 
Results: BARI Sarisha-14, BARI Sarisha-15 (B. campestris) and Binasarisha 4 (B. napus) may be 
harvested at pale yellow stage of siliquae at 73, 82 and 78 DAS (average of two years) considering 
11.0% seed and 3.15% oil yield; 10.0% seed and 1.56% oil yield; 6.60% seed and 3.90% oil yield 
loss respectively than full maturity stage of siliquae. 
Conclusion: BARI Sarisha-14, BARI Sarisha-15 and Binasarisha 4 need to be sown within first 
week of November in districts named Mymensingh (located 24°15

′
 and 25°15

′ 
N and 90°49

′ 
E 

longitudes),  Jamalpur (located 24°34ʹ and 25°26ʹN latitude and 89°40
ʹ
 and 90°12ʹ E longitude) and 

Tangail (located 24°01′ and 24°47′ N latitudes and 89°44′ and 90°18' E longitudes) and the crop 
should be harvested at pale yellow stage of siliquae (within 73-82 days period) sacrificing seed and 
oil yield loss to some extent to introduce HYVs of rapeseed-mustard in rice based cropping pattern. 
 

 
Keywords: Harvesting stages; seed yield; oil content; rapeseed-mustard; cropping pattern. 
 
1. INTRODUCTION 
 
Identification of maturity stage is an important 
factor for all Agricultural crops to their 
management of maximum economic yield. 
Harvesting at the optimum maturity moment is an 
important issue not only for quality and quantity 
development for attaining maximum yield and the 
longest post-harvest life, but also for the 
designing of crop rotation for sustainable farming 
system. To increase the farm productivity, 
researchers are generally emphasize on 
incremental adaptation to existing cropping 
systems through the adjustment of optimum 
harvesting stages with longer growing periods of 
cultivars for successful cultivation of succeeding 
crop. On the other hand, cropland availability in 
Bangladesh has been declined by 0.73% since 
1976 [1] to establishment of new roads and 
highways, buildings, industries, markets etc. 
Since, the cropland area is decreasing day by 
day, that is why there is no option of horizontal 
expansion. But intensification of land use system 
can be done through multiple cropping or by 
growing more and more crops on the same piece 
of land in a calendar year. In Bangladesh, the 
production of rice, the dominant cropping pattern 
Fallow-Boro (dry season rice)-T. Aman (wet 
season rice) plays an important role which cover 
about 27% of net cropped area [2]. Rapeseed-
mustard is an oilseed crop usually grown in last 
week of October or 1st week of November. 
Oilseed crops can able to supply the nutrition 
especially fatty acids that build-up a healthy 
nations. On an average now the country is 

producing about 0.36 million tons of edible oil 
year

-1
 as against the requirement of 22 g capita

-1
 

day-1 of the total requirement of 1.4 million tons 
for 153 million people [3] that indicates the large 
gap between supply and demand. Under this 
fact, if high yielding rapeseed-mustard crop is 
intended to grow in fallow period of Boro (dry 
season rice) and T. Aman (wet season rice) 
should be sown within mid-November and 
harvested in before last week of January for 
successful cultivation of the succeeding Boro 
crop (dry season rice). High yielding rapeseed-
mustard varieties having 80-110 days growth 
duration available at present if sown in the mid 
November may not attain maturity last week of 
January with 80-85 days field duration. 
 
So, inclusion of these long duration rapeseed-
mustard varieties after T. Aman (wet season rice) 
will cause delay transplanting of Boro (dry 
season rice) beyond 1

st
 week of February which 

in turn results poor yield. Hence, field duration of 
rapeseed-mustard crop needs to be reduced 
through agronomic manipulation to grow within 
the stipulated period in between T. Aman (wet 
season rice) and Boro rice (dry season rice). The 
possible agronomic management practice might 
be the harvesting of rapeseed-mustard crop at 
early stage before attainment of the full maturity 
of siliquae. On the other hand, researches on 
different crops were conducted on different 
harvesting stages effect on yield and quality of 
seed of the crops like pea, soybean, rice etc. 
[4,5,6]. With this perception researches on 
harvesting stages of rapeseed-mustard 
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depending on the siliquae maturity like green, 
pale yellow, golden yellow, full maturity stages 
etc. was performed to reduce field duration for 
successful transplanting of Boro (dry season 
rice) rice by optimum time, last week of January. 
 
2. MATERIALS AND METHODS 
 
2.1 Experimental Site, Design and 

Treatment 
 
The experiment was conducted at Regional 
Agricultural Research Station, Jamalpur (located 
between 24°34ʹ and 25°26ʹ North latitude and 
89°40ʹ and 90°12ʹ East longitude) on 02 
November, 2015-2016 and 06 November, 2016-
2017 respectively. The experiment was laid out 
in a split-plot design. The unit plot size was 5 m × 
3 m. Mustard varieties viz. BARI Sarisha-11 
(Brassica juncea), BARI Sarisha-14 (Brassica 
campestris), BARI Sarisha-15 (Brassica 
campestris), Binasarisha-4 (Brassica napus) 
&Tori-7 (Brassica campestris) were used as a 
test crop in this study. The test crops were 
harvested at four different harvesting stages viz. 
H1= Green stage of siliquae, H2= Pale yellow 
stage of siliquae, H3= Golden yellow stage of 
siliquae and H4= Full maturity stage of siliquae. 
Green stage of siliquae was determined just at 
seven to ten days after all flower droppings of 
crop while the pale yellow stage of siliquae was 
determined when 40%-50% bearing turned into 
light yellow in color. The golden yellow stage of 
siliquae was determined when 70%-80% bearing 
turned into deep yellow in color and full maturity 
stage of siliqua was determined when lower 
bearing just brust out. According to harvesting 
stages varieties were harvested as per following 
dates (Table 1). 
 

2.2 Cultural Management 
 
Before sowing the seeds were treated with 
Provax 200-EC @ 2.5 g (gram) for kg-1 seeds. 
Seeds were sown continuously in furrows made 
by an iron made hand rake maintaining 30cm 
spacing between the lines @ seven kg seeds ha-

1
. The crops were fertilized with soil Test Based 

(STB) dose as per [7] by using the following 
formula: 
 

Fr = Uf – 
��

��
× (St-Ls) 

 

where,  
 

Fr = Fertilizer nutrient required for given soil test 
value 

Uf = Upper limit of the recommended fertilizer 
nutrient for the respective STVI class 

Ci = Units of class intervals used for fertilizer 
nutrient recommendation 

Cs = Units of class intervals used for STVI class 
St = Soil test value 
Ls = Lower limit of the soil test value within STVI 

class 
 
Fertilizers were applied for the variety BARI 
Sarisha-11 and Binasarisha 4 at the rate of 132-
14-87-15-0.71-0.7 kg ha

-1
 N-P-K-S-Zn-B, for 

BARI Sarisha-14, BARI Sarisha-15 and Tori-7 at 
the rate of 99-10.6-58-8.71-0.48-0.7 kg ha

-1
 N-P-

K-S-Zn-B through urea, triple super phosphate, 
muriate of potash, gypsum, zinc sulphate and 
boric acid respectively. Half urea and all other 
fertilizers were applied as basal during final land 
preparation. Irrigation was applied at the 
flowering stage of the crop while remaining urea 
fertilizer was top dressed at joe condition. The 
crop plants was sprayed with malathion 57 EC @ 
2 ml in litre

-1
 and fungicide Rovral @ 2 g in litre

-1
 

of water during flowering and siliqua setting 
stages to prevent insect and pest. 
 

2.3 Data Collection 
 
Data on field duration (Days to harvest), Seed 
and stover yield, oil yield in percentage were 
recorded. Field duration (Days to harvest) was 
determined by counting the day from sowing date 
when the field crops reached the definite 
harvesting stages. Crop plants were collected 
from individual plot according to different 
harvesting stage, and then threshed, cleaned 
and seeds were dried in the field laboratory 
under sunny days to record data on grain yield. 
Stover weight was taken also from individual 
plots after drying the plants in the sunny days. 
Seed and Stover weights were recorded from 
individual plot than converting into t ha-1. 
 
To estimate the oil contents (%), approximately 
150-200 g well dried and cleaned seeds were 
taken irrespective of harvesting stages of tested 
varieties and grounded by a blender machine to 
make powder. The blending powder of rapeseed-
mustard product was dried at 105°C temperature 
about one hour in a pre-heated oven. The oven 
dried product was kept in open air for cooling. 
Then nine m3 sized filter paper and a piece of 
ribbon was weighed by an electric balance. The 
open air cooled 2 g powder sample was taken in 
a filter paper and binding was done by ribbon to 
make small bag. Each filter paper with           
grinding powder of rapeseed-mustard seed was 
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submerged in petroleum ether about 24 hours. 
Then the submerged product in filter paper was 
placed in hexane solution in soxhlet apparatus 
for about 65 minutes to extract the full oil from 
mustard cake. After 65 minutes mustard cake 
was dried in an oven at 105°C temperature about 
one hour. Then the mustard cake was kept in 
open air to become cool. The cooled cake was 
weighed by an electric balance and finally oil was 
calculated by using following formula: 
 

Oil percentage =
(T + S) − (T + R)

Sample weight (g)
× 100 

 
Where, T= Weight of ribbon and filter paper, S= 
Sample weight, T+R= dry weight of sample. 
 

2.4 Statistical Procedures  
 
Collected data of each plot and oil percentage 
were compiled and tabulated in proper form for 
statistical analysis. Statistical analysis was done 
for analyzing the significance differences among 
the yield and other agronomic characters of the 
crop was made following analysis of variance 
technique with the help of computer based 
program MSTAT-C developed by Russell [8]. 
Mean differences among the treatments were 
tested with Least Significant Difference (LSD) 
test at 5% level of significance wherever F values 
were significance. 
 

3. RESULTS  
 
3.1 Effects of Rapeseed-mustard 

Varieties Days to Harvest 
 
Days require to attain definite harvesting stages 
were varied significantly among the different 
varieties. Days to harvest of BARI Sarisha-11 
(V1) were significantly higher (92.0 days, average 
of two years) than other varieties. Days to 
harvest of the variety BARI Sarisha-15 (V3) was 
82.0 days (average of two years) followed by 
Binasarisha 4 (V4) which took 81.0 days 
(average of two years). Average days to harvest 
of the varieties BARI Sarisha-14 (V2) and            
Tori-7 (V5) were 77.0 and 74.0 days respectively 
(Table 2). 

 
3.2 Seed and Stover Yield of Rapeseed-

mustard Varieties 
 
BARI Sarisha-11 (V1) produced significantly the 
highest seed yield of 1.55 and 1.81 t ha-1 during 
2015-16 and 2016-17, respectively. The lowest 

seed yield 0.96 and 1.07 t ha-1 was recorded 
from the local variety Tori-7 (V5) during 2015-16 
and 2016-17, respectively. During both growing 
seasons Binasarisha 4 (V4) produced the 
second highest seed yield 1.31 in 2015-16 and 
1.43 t ha

-1
 in 2016-17 which was at par with 

BARI Sarisha-14 (V2) and BARI Sarisha-15 (V3) 
(Table 2). The variety BARI Sarisha-11 (V1) 
produced significantly the highest stover yields of 
5.87 t ha-1 in 2015-2016 and 6.04 t ha-1 in in 
2016-2017 growing seasons. During both 
seasons Binasarisha 4 (V4) produced the second 
highest stover yield (4.11 and 4.50 t ha-1 in 2015-
2016 and 2016-2017 respectively). The average 
stover yield of two growing seasons was 3.45 
and 4.02 t ha

-1
 of the variety BARI Sarisha-14 

(V2) and BARI Sarisha-15 (V3) respectively. The 
lowest stover yield, 1.96 and 2.10 t ha-1 in 2015-
2016 and 2016-2017 seasons respectively was 
obtained from the local variety Tori-7 (Table 2). 
 

3.3 Oil Content (%) of Rapeseed-mustard 
Seed 

 
The result presented in (Table 2) revealed that oil 
content in rapeseed-mustard seed varied 
significantly among the different varieties during 
both growing seasons. The variety BARI Sarisha-
15 (B. campestris) had significantly the highest 
oil content of 39.4% (average of two years) while 
the variety of same group BARI Sarisha-14 had 
the second highest oil content of 37.4% (average 
of two years). During both years the variety BARI 
Sarisha-11 (B. juncea) produced the lowest oil 
content of 31.3% (average of two years). 
 

3.4 Effects of Harvesting Stages on Days 
to Harvest, Seed and Stover Yield 

 
Days to harvesting differed significantly among 
the different harvesting stages (Table 3). The 
highest 91.0 days (average of two years) 
required when the crop was harvested at full 
maturity stage of siliquae and the lowest 69.0 
days (average of two years) required when the 
crop was harvested at green stage of siliquae. 
Seed and Stover yield showed significant 
variation among the different harvesting stages 
(Table 3). The highest seed yield of 1.42 t ha-1 
and 1.63 t ha

-1
 was obtained from the full 

maturity stage of siliquae (H4) during first and 
second years respectively that was statistically at 
par with harvesting at golden yellow siliquae 
stage (H3) and pale yellow siliquae stage (H2) 
only in the first season but significantly lower in 
the second season. The crop harvested at green 
stage of siliquae (H1) produced the lowest seed 
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yields of 0.92 t ha-1 and 0.96 t ha-1 during the first 
and second years respectively. The green 
siliquae harvesting stage (H1) produced the 
highest stover yield during both growing seasons 
and it showed decreasing trends onwards later 
harvesting stages. The crop harvested at full 
maturity stage (H4) gave the lowest stover yields 
of 3.49 t ha-1 and 3.88 t ha-1 respectively in 2015-
2016 and 2016-2017 cropping seasons 
respectively.  
 
3.5 Effects of Different Harvesting Stages 

on Oil Content (%) of Seeds 
 
Average of two years results showed that the 
lowest oil percent 29.1 was found when the crop 
was harvested at green stage of siliquae. On the 
other hand, the highest oil percent 38.9 was 
found when the crop was harvested at full 
maturity stage of siliquae (Table 3). 
 
3.6 Interaction Effects of Varieties and 

Harvesting Stages on Days to 
Harvesting, Seed and Stover Yield 

 
Significantly, the average highest duration 104.0 
days required when the variety BARI Sarisha-11 
(B. juncea) was harvested at full maturity siliquae 
stage while the average lowest duration 62.0 
days required when the variety Tori-7 (B. 
campestris) was harvested at green siliquae 
stage (Table 4).  
 
During both growing seasons seed yield 
increased statistically as the crop advanced to 
maturity in all varieties except Binasarisha-4 (V4). 
Seed yield decreased in BARI Sarisha-14 (V2), 
BARI Sarisha-15 (V3) and Tori-7 (V5) when the 
crops were harvested at green siliquae stage 
(H1). The stover yield was gradually decreased 
towards the later harvesting stages. The variety 
Tori-7 (V5) produced the lowest stover yield at all 
harvesting stages compared to other varieties 
irrespective of harvesting stages. 

 
3.7 Interaction Effects of Varieties and 

Harvesting Stages on Oil Content (%) 
of Seeds 

 
Statistically significant variations were found for 
the interaction of varieties and harvesting stages 
on oil content of seeds during both years (Table 
5). The two years results revealed that, BARI 
Sarisha-15 content the highest oil 41.8% 
(average of two years) with harvesting at golden 
yellow siliquae stage i.e. harvest at 87 days 

(average of two years) after sowing, which was 
almost similar to the variety BARI Sarisha-14 (B. 
campestris) with harvesting at full maturity stage 
i.e. harvest at 86 days (average of two years) 
after sowing, BARI Sarisha-15 (B. campestris) 
with harvesting at full maturity siliquae stage i.e. 
harvest at 90 days (average of two years) after 
sowing, BARI Sarisha-15 (B. campestris) with 
harvesting at pale yellow siliquae stage i.e. 
harvest at 82 days (average of two years) after 
sowing, BARI Sarisha-14 (B. campestris) with 
harvesting at golden yellow siliquae stage i.e. 
harvest at 83 days (average of two years) after 
sowing. The lowest oil content was found 27.0% 
(average of two years) in the variety BARI 
Sarisha-11 (B. juncea) with harvesting at green 
stage of siliquae i.e. harvest at 77 days (average 
of two years) after sowing, it was almost similar 
with the rest varieties harvested at green stage of 
siliquae. Only the variety Binasarisha-4 (B. 
napus) showed the decreased oil content of 
27.5% (average of two years) at full maturity 
stage compared to the others.  
 

3.8 Yield Loss (%) at Green and Pale 
Yellow Siliquae Stages than Golden 
Yellow and Full Maturity Stages of 
Siliquae 

 

The result presented in Table 5 revealed that 
seed yield of all varieties was drastically reduced 
when the crop was harvested at green stage of 
siliquae. Average field duration of two years 
research revealed that for full maturity 104.0, 
86.0, 90.0, 89.0 and 84.0 days required for BARI 
sarisha-11, BARI sarisha-14, BARI sarisha-15, 
BINA sarisha 4 and Tori-7 respectively. The 
variety BARI sarisha-11 may be harvested at 
pale yellow stage with 7.23% yield loss (average 
of two years) than the full maturity stage of 
siliquae and the field duration can be reduced for 
early sowing of the next crops. BARI Sarisha-14 
may be harvested at pale yellow stage of siliquae  
at 73.0 days (average of two years) after sowing 
considering 11.0% (average of two years) yield 
loss than full maturity stage and 7.96%  (average 
of two years) yield loss than golden yellow stage 
of siliquae (H3). The variety BARI Sarisha-15 can 
be harvested at pale yellow stage of siliquae at 
82.0 days (average of two years) after sowing 
considering 11% (average of two years) yield 
loss than golden yellow stage of siliquae. The 
variety local Tori-7 may be harvested at golden 
yellow stage of siliquae at 80  days (average of 
two years) after sowing considering 5% (average 
of two years) more yield than the full siliquae 
maturity stage. It might be shattering of siliquae 
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due to over maturity. The field duration of BARI 
Sarisha-14 and BARI Sarisha-15 can be reduced 
by 9.0 and 6.0 (average of two years) days than 
golden yellow siliquae stage if crops were 
harvested at pale yellow siliquae stage. The 
variety Binasarisha-4 can be harvested at pale 
yellow siliquae stage at 78.0 days (average of 

two years) considering 6.60% yield loss than full 
maturity siliquae stage. In case of BARI Sarisha-
11 and Binasarisha-4 field durations can be 
reduced by 7-13 days and 8-11 days if the            
crop is harvested at pale yellow siliquae stage 
than golden yellow and full maturity siliquae 
stages. 

 
Table 1. Days to harvest, seed and stover yield, oil content in seed (%) of rapeseed-mustard 
varieties irrespective of harvesting stages during rabi (winter) seasons 2015-16 and 2016-17 

 
Varieties 
(V) 

Days to harvest Seed yield 

(t ha
-1

) 

Stover yield 

(t ha
-1

) 

Oil content in seed 
(%) 

Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 

V1 98.0 a 85.0 a 1.55 a 1.81a 5.87 a 6.04 a 30.82 e 31.7 e 

V2 81.0 cd 72.0 c 1.25 b 1.41b 3.31 c 3.60 c 36.73 b 38.1 b 

V3 86.0 b 78.0 b 1.28 b 1.45b 3.74 b 4.30 b 38.66  a 40.1 a 

V4 83.0 c 78.0 b 1.31 b 1.43b 4.11 b 4.50 b 32.58 d 33.3 d 

V5 79.0 d 69.0 d 0.96 c 1.07c 1.96 d 2.10 d 34.73 c 35.0 c 

CV (%) 2.60 0.89 13.2 9.85 10.6 7.42 2.09 1.75 

LSD0.05 2.10 0.64 0.16 0.13 0.38 0.29 1.01 0.86 
Note: Y1= 2015-16; Y2= 2016-17; V1 = BARI Sarisha-11; V2 = BARI Sarisha-14; V3 = BARI Sarisha-15; 

V4 = Binasarisha 4; V5 = Tori-7 
 

Table 2. Harvesting dates of different rapeseed-mustard varieties on the basis of different 
harvesting stages 

 
Variety Harvesting stages First cropping season  

(2015-16) 

Second cropping 
season (2016-17) 

Days after 
sowing 

Dated Days after 
sowing 

Dated 

BARI 
Sarisha-11 

Green stage of siliquae 83 24.01.2016 71 15.01.2017 

Pale yellow stage of siliquae  96 06.02.2016 83 27.01.2017 

Golden yellow stage of siliquae  105 15.02.2016 88 01.02.2017 

Full maturity stage of siliquae  110 20.02.2016 97 10.02.2017 

BARI 
Sarisha-14 

Green stage of siliquae 66 07.01.2016 62 06.01.207 

Pale yellow stage of siliquae  79 20.01.2016 67 11.01.2017 

Golden yellow stage of siliquae  88 29.01.2016 77 21.01.2017 

Full maturity stage of siliquae  92 02.02.2016 80 24.01.2017 

BARI 
Sarisha-15 

Green stage of siliquae 74 15.01.2016 66 10.01.2017 

Pale yellow stage of siliquae  84 25.01.2016 79 23.01.2017 

Golden yellow stage of siliquae  91 01.02.2016 83 27.01.2017 

Full maturity stage of siliquae  94 04.02.2016 85 29.01.2017 

Binasarisha 
4 

Green stage of siliquae 74 15.01.2016 64 08.01.2017 

Pale yellow stage of siliquae  82 23.01.2016 74 18.01.2017 

Golden yellow stage of siliquae  86 27.01.2016 85 29.01.2017 

Full maturity stage of siliquae  90 31.01.2016 88 01.02.2017 

Tori-7 Green stage of siliquae 64 05.01.2016 59 03.01.2017 

Pale yellow stage of siliquae  77 18.01.2016 67 11.01.2017 

Golden yellow stage of siliquae  86 27.01.2016 73 17.01.2017 

Full maturity stage of siliquae  89 30.01.2016 78 22.01.2017 
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Table 3. Days to harvest, seed and stover yield, oil content in seed (%) of rapeseed-mustard as 
influenced by harvesting stages irrespective of varieties during rabi (winter) seasons 2015-16 

and 2016-17 
 

Harvesting 
stages (H) 

Days to harvest Seed yield (t ha
-1

) Stover yield 
(t ha

-1
) 

Oil content in 
seed (%) 

Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 
H1 72.0 d 65.0 d 0.92 b 0.96 c 4.23 a 4.35 a 27.7 d 30.7 d 
H2 84.0 c 74.0 c 1.34 a 1.49 b 3.84 b 4.20 ab 34.9 c 35.2 c 
H3 91.0 b 81.0 b 1.42 a 1.66 a 3.63 bc 3.94 bc 37.6 b 37.3 b 
H4 95.0 a 86.0 a 1.42 a 1.63 a 3.49 c 3.88 c 38.6 a 39.4 a 
CV (%) 1.46 0.85 10.7 7.51 9.70 8.36 2.31 1.73 
LSD0.05 0.93 0.48 0.103 0.08 0.28 0.25 0.76 0.58 

Note: Y1 = 2015-2016; Y2 = 2016-2017; H1 = Green stage of siliquae; H2 = Pale yellow stage of siliquae; 
H3 = Golden yellow stage of siliquae; H4 = Full maturity stage of siliquae 

 

Table 4. Yield loss (%) at green stage and pale yellow stage than golden yellow stage and full 
maturity stage of siliquae of rapeseed-mustard varieties during rabi (winter) seasons 2015-2016 

and 2016-2017 
 

Varieties 
(V) 

Yield decreased (-) / Increased (+) than full maturity stage 
Harvesting stage 

H1 H2 H3 H4 
Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 

V1 (-) 29.0 (-) 33.0 (-) 6.97 (-) 7.50 (-) 1.16 (+) 2.50 1.72 2.00 
V2 (-) 52.9 (-) 51.0 (-) 11.7 (-) 10.20 (-) 7.18 (+) 1.00 1.53 1.67 
V3 (-) 38.8 (-) 51.0 (-) 6.25 (-) 13.0 (+) 4.16 (-) 2.30 1.44 1.74 
V4 (-) 38.0 (-) 18.3 (-) 2.81 (+) 5.60 (+) 2.11 (+) 6.30 1.42 1.60 
V5 (-) 26.5 (-) 37.0 (+) 8.0 (-) 3.40 (+) 9.00 (+) 1.00 0.98 1.19 

Note: Y1 = 2015-2016; Y2 = 2016-2017; V1 = BARI Sarisha-11; V2 = BARI Sarisha-14; V3 = BARI Sarisha-15; 
V4 = Binasarisha 4; V5 = Tori-7; H1 = Green stage of siliquae; H2 = Pale yellow stage of siliquae; H3 = Golden 

yellow stage of siliquae; H4 = Full maturity stage of siliquae 
 

4. DISCUSSION 
 

4.1 Effect of Varieties 
 

The crop phenology is largely dependent on 
genetic and environmental factors including 
temperature, relative humidity, sunshine hours’, 
rainfall etc. was reported by Venkataraman and 
Krishnan [9]. For each variety, a definite day was 
required to attain certain harvesting stage. 
Number of days for attainment of different 
harvesting stages differed from variety to variety 
under this study. Many researchers including [10] 
and [11] have reported significant differences for 
days to maturity for a variety or species. The 
present study revealed that first year planted 
crop took comparatively longer period regarding 
days to maturity than second year planted crop. 
It might be due to heavy foggy weather and 
rainfall during the crop growing period. The 
present study also revealed that BARI Sarisha-
11 (B. juncea) took the highest duration to attain 
field maturity followed by Binasarisha 4 (B. 
napus). The local variety Tori-7 took the lowest 
duration. Similarly, A studied with 30 rapeseed-
mustard varieties/genotypes of B. campestris,   

B. juncea, B. napus was conducted and found 
that campestris group required lowest days to 
maturity followed by napus group while juncea 
group took the highest days to maturity [12]. 
 

Significant differences were observed among the 
studied rapeseed-mustard varieties in terms of 
seed and stover yield might be due to the genetic 
× environment interaction effects. [13] and [14] 
compared among different rapeseed-mustard 
cultivars and reported that all cultivars differed 
significantly for seed yields. In present study, the 
variety BARI Sarisha-11 produced the highest 
seed yield that was mainly attributed by the 
highest number of siliquae plant-1. [15] And [16] 
in their experiments found that the effect of 
varieties on oil percentage trait was significant. In 
the present study, investigation on the effect of 
varieties revealed that the variety BARI Sarisha-
15 (B. campestris) showed the highest oil content 
in rapeseed-mustard seed while the variety 
Binasarisha 4 (B. napus) showed the second 
highest oil content. During the both growing 
seasons the variety BARI Sarisha-11 produced 
the lowest oil percentage. Zaman et al. [17] 
concluded that B. campestris cultivars had higher 
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oil contents than B. juncea. Numerous 
experiments suggested that oil yield in canola is 
influenced by the variety, as [18] found in an 
experiment on 12 canola lines, that there was a 
significant difference between the studied 
cultivars in terms of oil percentage trait. 
 

4.2 Effect of Harvesting Stages 
 
Days to harvest of crop were gradually increased 
onwards harvesting stages. Irrespective of 
varieties the green siliquae harvesting stage took 
the lowest days while the full maturity harvesting 
stage took the longest duration. Seed yield 
variation was significant during both years 
among the harvesting stages. The results 
revealed that, green siliquae harvesting stage 
yielded the lowest and gradually increased 
onwards to harvesting stages which were 
remarkably different from other harvesting 
stages. Because, [19] stated that, seed size and 
color, dry weight, moisture content and 
germination, oil, protein and carbohydrate and 
vigor and viability changes occur from the time of 

fertilization until the seeds are ready for harvest. 
Under this study, maximum seed yield was found 
at full maturity siliquae harvesting stage occurred 
at 91.0 days after sowing depending on cultivar. 
Under this study during both growing seasons 
the oil content of different rapeseed-mustard 
seeds varied significantly among the different 
harvesting stages. The seeds collected from the 
green siliquae stage showed the lowest oil 
percentage and then gradually increased 
towards development of seed maturity i.e. pale 
yellow, golden yellow, full maturity stages of 
siliquae. The results are in agreement with 
Mohammad and Ahmed [20] who observed that 
the most rapid development of oil begins when 
the seed is about 20 days old and continues for 
another 20 days following fertilization. Similarly, 
[21,22,23] reported that, oil and protein content 
were increased by delaying the harvesting time.  
Singh [24] stated that formation of oil in Brassica 
commences at the time of seed formation i.e. 
after the ovary was fertilized and its content 
increased with the maturity of seed. The highest 
oil content in Raya (B. juncea) was found when 

 
Table 5. Days to harvest, seed and stover yield, oil content in seed (%) of rapeseed-mustard as 

influenced by interaction effects of varieties and harvesting stages during rabi (winter) 
seasons 2015-16 and 2016-17 

 
Interaction 
(V × H) 

Days to harvest Seed yield (t ha-1) Stover yield  
(t ha

-1
) 

Oil content in 
seed (%) 

Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 
V1 × H1 83.0 i  71.0 h  2.23 g 1.83i 6.64 a 6.56 a 26.0 h 28.0 k 
V1 × H2 96.0 c  83.0d  2.83  d 2.60 c-f 5.92 b 6.04 ab 31.6 ef 32.0 hi 
V1 × H3 105.0 b  88.0 b  3.25  a 2.71bc 5.50 b 5.89b 31.9 ef 33.0 gh 
V1 × H4 110.0 a  97.0 a  3.20 a-c 2.81b 5.45 b 5.70bc 33.7 d 33.7 g 
V2 × H1 66.0 l  62.0 k  1.75 h 1.54  jk 3.60 ef 3.93 f-h 26.9gh 29.4 j 
V2 × H2 79.0 j  67.0 i  2.86 cd 2.42 gh 3.40 ef 3.55gh 37.5 b 39.5 d 
V2 × H3 88.0 fg  77.0 f  3.50  a 2.61 c-e 3.20 f  3.43 h 41.8 a 41.0 bc 
V2 × H4 92.0 d  80.0 e  3.30 a 2.70b-d 3.10 f 3.44 h 40.6 a 42.7 a 
V3 × H1 74.0 k  66.0 i  1.55 h 1.45 k 4.73 c 4.91 de 30.6 f 36.2 ef 
V3 × H2 84.0 hi  79.0 e  2.45e-g 2.54d-g 3.60 ef 4.10 fg 41.1 a 40.6 cd 
V3 × H3 91.0 d  83.0 d  2.34 fg 2.62 c-e   3.45  ef 4.01 fg 41.8 a 41.9a-c 
V3 × H4 94.0 c  85.0 c  2.45e-g 2.65 b-e   3.21 f 4.10 fg 41.0 a 42.0 ab 
V4 × H1 74.0 k  64.0 j  2.59 d-f 1.65 j 3.96 de 4.10 fg 26.3 h 28.8 jk 
V4 × H2 82.0 i  74.0 g  2.86 cd 2.37 h 4.40 cd 5.20 cd 31.4 ef 32.8 gh 
V4 × H3 86.0 g  85.0 c  2.90b-d 3.10 a 4.23 cd 4.45 ef 37.2 c 35.1 f 
V4 × H4 90.0de  88.0 b  3.23 ab 3.23 a   3.90 de 4.22 f 35.4 b 36.6 e 
V5 × H1 64.0 l  59.0 l  2.15 g 1.98 i   2.25 g 2.25 i 28.5 g 31.2 i 
V5 × H2 77.0 j  67.0 i  2.40 fg 2.44 f-h   1.97 g 2.10 i 32.9de 30.9 i 
V5 × H3 86.0 gh  73.0 g  2.80 d 2.51e-h   1.81  g 1.92 i 37.3 bc 35.8 ef 
V5 × H4 89.0 ef  78.0 f  2.80 de 2.57 c-g   1.79 g 2.01 i 40.2 a 42.1 ab 
CV (%) 1.46 0.85 7.50 4.21 9.70 8.36 2.31 1.73 
LSD0.05 2.08 1.07 0.33 0.17 0.62 0.57 1.70 1.31 

Note: Y1= 2015-2016; Y2= 2016-2017; V1= BARI Sarisha-11; V2= BARI Sarisha-14; V3= BARI Sarisha-15; 
V4= Bina sarisha 4; V5 = Tori-7; H1= Green stage of siliquae; H2= Pale yellow stage of siliquae; H3= Golden yellow 

stage of siliquae; H4= Full maturity stage of siliquae 
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the crop was harvested at 155 days after sowing 
was stated by Singh et al. [25]. It has been 
reported by [26] that premature harvesting of 
groundnut pods lowered the yield, oil content and 
seeds quality of groundnuts due to immature 
pods and seeds. 
 

5. CONCLUSION 
 
From the above result it may be concluded that 
rapeseed-mustard varieties BARI Sarisha-14, 
BARI Sarisha-15 and Binasarisha 4 need to be 
sown within first week of November and the crop 
should be harvested at pale yellow stage of 
siliquae (within 73-82 days period before Boro 
rice transplantation) sacrificing seed and oil yield 
loss to some extent to introduce HYVs of 
rapeseed-mustard varieties along with the 
agronomic manipulation either in the existing 
Mustard-Boro (dry season rice)-T.Aman  (wet 
season rice) or during fallow period of the Fallow-
Boro (dry season rice)-T. Aman (wet season rice) 
cropping pattern. Harvesting beyond the pale 
yellow stage of siliquae took more duration and 
this will cause late transplanting of Boro rice. 
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