
   

Journal of Experimental Biology and Agricultural Sciences 
 

http://www.jebas.org 

 

ISSN No. 2320 – 8694  

Journal of Experimental Biology and Agricultural Sciences, April - 2023; Volume – 11(2) page 325 – 338 

Growth and development patterns in Mustard (Brassica spp.) as influenced by sowing time 

Sushan Chowhan1* , Majharul Islam2 , Md. Shohel Rana3 , Nazmul Alam Khan4 ,  

Md. Khan Jahan Ali5 , Nasir Uddin Ahmed6, Md. Moshiur Rahman7  

 
1
Adaptive Research and Extension Division, Bangladesh Institute of Nuclear Agriculture (BINA), Sub-station, Ishurdi, Pabna-6620, Bangladesh  

2
Soil Science Division, BINA, BAU campus, Mymensingh-2202, Bangladesh  

3
Plant Breeding Division, BINA, BAU campus, Mymensingh-2202, Bangladesh  

4
Biotechnology Division, BINA, BAU campus, Mymensingh-2202, Bangladesh 

5
Plant Breeding Division, BINA Sub-station, Ishurdi, Pabna-6620, Bangladesh 

6
Advanta Seeds International, Dhaka, Bangladesh 

7
Plant Breeding Division, BINA Sub-station, Satkhira-9400, Bangladesh 


Graduate School of Science and Engineering, Saitama University, Saitama, Japan 

 

Received – February 20, 2023; Revision – April 07, 2023; Accepted – April 28, 2023 
Available Online – April 30, 2023 
 

DOI: http://dx.doi.org/10.18006/2023.11(2).325.338 

 

ABSTRACT 
 

Mustard is Bangladesh's leading oil crop, produced only during the winter (rabi) season. The sowing 

date is a key factor determining mustard's optimum growth and development. Because of global 

warming, gradual changes in season and weather parameters over time is creating a challenge in mustard 

cultivation. Thus, the present investigation assessed the role of different planting dates on several 

modern mustard varieties to disclose the optimum growth indicators necessary for elevated biological 

yield (BY) and harvest index (HI). Three planting times, viz. 31
st
 October (D1), 10

th
 November (D2),  

20
th
 November (D3) and six varieties viz. Binasarisha-4 (V1), Binasarisha-9 (V2), Binasarisha-10 (V3), 

BARI Sarisha-14 (V4), BARI Sarisha-16 (V5), BARI Sarisha-17 (V6) were put on a replicated factorial 

randomized complete block design (RCBD) during rabi 2019 at BINA Sub-station farm, Magura. At the 

final harvest stage, outcomes depicted that highest and lowest total dry mass (g/plant) was produced by 

treatment D3× V5 (64.03) and D1× V1 (15.34), maximum and minimum absolute growth rate 

(mg/plant/day) by D1× V5 (2389.10) and D2× V1 (184.50), most and least relative growth rate (mg/g/day) 

in D1× V4 (53.34) and D2× V1 (3.55), maximum and least crop growth rate (g/m
2
/day) with D1× V3 (55.60) 

and  D3× V4 (20.04). BY was the peak (8.13, 8.71, 8.77 t/ha) under all plantings (D1, D2, D3) with V5  
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1 Introduction  

Mustard (Brassica spp.) is a major edible oilseed crop grown 

worldwide, including Bangladesh. It is produced in cool 

temperatures during winter with or without irrigation (Chowhan 

and Islam 2022a). It is a photo and thermosensitive crop (Ghosh 

and Chatterjee 1988), and a temperature between 12°C to 25°C is 

an ideal growth temperature, but low temperatures may hamper 

the growth of this plant (Wahhab et al. 2002). Hence this crop 

needs to be sowed within a specific time. In Bangladesh, 

Mustard is the time window for planting in mid-October to mid-

November (Alam et al. 2014). Due to seasonal inundation driven 

by climate change, the mustard sowing date does not remain 

constant. Rather it depends on the location and weather of a 

particular region. However, the planting date has been delayed 

for the past few years due to sudden rainfall in mid-October. So, 

farmers are facing a big challenge to cope with this situation. 

Though productivity drops owing to the shortening of the 

vegetative and reproductive phases under late-seeded conditions. 

During the reproductive period, late-sown Mustard is subjected 

to high temperatures combined with high evaporative demand of 

the atmosphere, resulting in forced maturity, increased 

senescence, and reduced yield (Porter 2005). Therefore, crop 

plants consider a single-degree temperature rise over the 

threshold level as heat stress (Hasanuzzaman et al. 2013). 

Mustard prefers cool weather throughout the vegetative growth 

and slightly warm (>25°C) during the reproductive period. So, 

planting time is a vital factor in determining a cultivar's growth 

development, yield and quality. 

Accumulation of total dry mass is an essential criterion for 

gaining improved morpho-physical and yield quality properties 

which are also influenced by sowing dates (Singh and Yeshpal 

2011). It is notable in Mustard that, during the reproductive 

stage, the flowering, fruiting and vegetative growth coincide 

until physiological maturity (Mondal et al. 2013). Thus, 

developing reproductive sinks are competing for assimilates with 

vegetative sinks. It was evident that seeds per unit area are 

related to canopy photosynthesis during flowering and pod set. 

Furthermore, the canopy photosynthesis rate determines through 

the leaf area index (LAI) and crop growth rate (CGR). Main 

physiological properties, for example, absolute growth rate 

(AGR), CGR, relative growth rate (RGR), net assimilation rate 

(NAR) and total dry mass (TDM), vary, and these depend on 

crop variety and environmental factors. Thus, these parameters 

can address various constraints for increasing productivity 

(Tandale and Ubale 2007). 

Up to date, BARI (Bangladesh agricultural research institute) and 

BINA (Bangladesh Institute of nuclear agriculture) have developed 

more than 25 rapeseed mustard varieties (BINA 2022; Azad et al. 

2020); most of them have satisfactory levels of growth and better 

yield capacity. Considering the above factors, we tested some 

popular BINA and BARI mustard varieties concerning various 

planting dates to disclose the optimum sowing date and varieties 

with better growth, development, biological yield and harvest 

index. 

2 Materials and methods 

2.1 Experimental site 

BINA, Sub-station farm, Magura was the experimental site under 

the Agro-Ecological Zone 11 (AEZ); this area was characterized 

by a high Ganges river flood plain with high to medium land type. 

Soils were calcareous dark grey to brown floodplain soils. Organic 

matter content in brown ridge soils is low but higher in dark grey 

soils. Soils were slightly alkaline with a deficit in fertility (FRG 

2012). Details of the weather parameters during the experimental 

period are expressed in Figure 1. 

2.2 Crop Establishment and Cultural Practices 

The experiment was established on the farm during rabi (winter) 

2019. Tillage was followed as per methods stated by Chowhan 

and Nahar (2022); Chowhan and Islam (2022b). Considering the 

low soil fertility level, yield goal (2±0.2 t/ha) fertilizers were 

applicated following the procedures described by Chowhan et al. 

(2023) and Ahmmed et al. (2018). A full dose of P, K, S, Zn, B 

and half N was given on soil as the basal. The rest of the N was 

top-dressed at 22 days of seedling age, comprising light 

irrigation. Line-to-line and plot-to-plot distances were each 30 

cm, and the unit plot measured 1.5 m by 2.0 m. In the three 

planting dates (31
 
October, 10 November and 20

 
November), 

seeds were line sown (broadcast method) at a 7.5 kg/ha rate. To 

maintain the target plant population, surplus plants were thinned 

and mulched 20 days after sowing (DAS) (BINA 2014). Seeds 

were harvested when the siliquae gained 75% maturity and 

appeared brownish to straw colour 

variety, but HI (44.96%) was most in variety V4 with D2 sowing. Therefore, correlation 

studies showed a significant positive relationship between biological yield and harvest 

index. Overall, BARI Sarisha-16 performed well in all three sowing times, and remarkably, 

BY was rising with delayed planting in the case of Binasarisha-9, Binasarisha-10, and 

BARI Sarisha-14. This implies that delayed planting might not hamper yield but boost yield 

to some extent. 
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2.3 Experimental design 

The experiment followed a factorial Randomized complete block 

design (RCBD) with three replications. Replication to replication 

gap was 1m. There were two factors (variety and sowing date) in 

the experiment. Three sowing dates were assigned as factor A, and 

six varieties were considered factor B. Details of the factors and 

treatment are pointed below 

Factor A: Sowing dates (3) 

D1 = 31-10-2019,           D2 = 10-11-2019,             D3 = 20-11-2019. 

Factor B: Variety (6) 

V1 = Binasarisha-4,      V2 = Binasarisha-9,      V3 = Binasarisha-10,   

V4 = BARI Sarisha-14,      V5 = BARI Sarisha-16,      V6 = BARI 

Sarisha-17 

2.4 Data Collection and Analysis 

Five plants were randomly sampled for growth parameters from 

30 DAS and continued at an interval of 10 days up to harvest. 

Plants were separated into roots, stems, leaves and siliquae and 

 
 

 
Figure 1 Experimental location and weather status of Magura sadar upazila (A) Black star indicates the experimental site;  

(B) Mean weather parameters of the experimental area from October 2019 to March 2020 (BINA 2020) 
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the corresponding dry weights were recorded after oven drying at 

80 ± 2°C for 72 hours. The following physiological parameters 

were noted according to Hunt et al. (2002) and Sarkar et al. 

(2016) 

Total dry mass (TDM) = W1 – W2 (g/plant) 

Absolute growth rate (AGR) = 
Wf-Wi

t2-t1
 (mg/plant/day) 

Relative growth rate (RGR) = 
lnWf-lnWi

t2-t1
 (mg/g/day) 

Crop growth rate (CGR) = 
1

A
 × 

Wf-Wi

t2-t1
 (g/m

2
/day) 

Where, 

W1= Fresh weight of the plant (g) 

W2= Oven dry weight of the plant (g) 

Wi= Total plant dry matter at initial time t1 (g) 

Wf= Total plant dry matter at final time t2 (g) 

t2= final time (day) 

t2> t1 

A = Ground area (m
2
) 

t1= initial time (day) ln= Natural logarithm 

 
 

 
Figure 2 Total dry mass (TDM) under three planting times of six mustard varieties (A) Individual lines show the mean TDM of the defined 

planting time on different days after sowing (DAS) up to harvest (B) Indicates the average TDM of the cultivars at various intervals (DAS) 

until harvest (Each data point represents the mean of 5 plant samples; Error bars are the standard error values) 
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Harvest index (HI) (%) (Chowhan et al. 2018) and biological yield 

(Chowhan et al. 2017) was recorded using the following formulae 

 HI (%) = {Economic (grain) yield ÷ biological yield} × 100 

 Biological yield (t/ha) = seed yield + straw yield 

Data taken on the parameters were analyzed statistically by 

Statistix 10 (Statistix 2022) subject to LSD (least significant 

difference) test at a 5% level of probability was used for average 

distinctions (Russel 1986) among the treatments. 

3 Results and discussion 

3.1 Total dry mass 

Dry matter accumulation was more or less alike up to 50 DAS 

(Figure 2A). Later from 60 DAS, dry mass deposition followed a 

zigzag pattern for all the sowing dates. However, at the harvest 

time, D1 and D2 treatments produced statistically identical dry 

mass; the lowest was found with the D3 treatment. All the varieties 

followed a similar lift of dry mass increase except BARI Sarisha-

16 (V5); the total dry mass of this variety was significantly higher 

than others (Figure 2B). 

The interaction effect of the treatments implied that D3 × V5 had the 

maximum and D1 × V1 had the minimum amount of total dry mass at 

the maturity stage of the crop (Table 1). The sowing date may have 

played a significant role in dry matter production; thus, late sowing 

showed a lesser dry mass. A contrary varietal trait is another 

important criterion that is also responsible for the dry matter content. 

So, BARI Sarisha-16 (V5) gained abundant dry mass. The combined 

effect indicated that early sowing always favours more dry mass than 

late sowing, as plants get enough time for adequate growth. 

However, dry matter content may also depend on variety as some 

may be suitable for early sowing and others not. These findings are 

consistent with those of Sharif et al. (2017). 

Table 1 Collective effect of sowing time, varieties on total dry mass (g/plant) 

Treatments 30 DAS 40 DAS 50 DAS 60 DAS 70 DAS Harvest 

D1 × V1 0.71f 3.18c-f 6.55de 7.37e 10.43d 15.34f 

D1 × V2 0.97def 1.85f 9.21 b-e 8.99 e 12.76 d 21.98 ef 

D1 × V3 1.10 c-f 5.70bcd 7.39 b-e 6.95 e 16.46 d 29.94 de 

D1 × V4 0.71f 2.95def 6.11e 7.78 e 16.67d 27.46de 

D1 × V5 1.10 c-f 5.77 bcd 13.99 b 14.83 e 29.23 c 30.02 de 

D1 × V6 0.78 ef 3.02 def 11.03 b-e 10.82 e 10.88 d 30.98 de 

D2 × V1 1.26 b-f 4.00 c-f 8.68 b-e 14.08 e 37.44 abc 36.39 cd 

D2 × V2 1.44 b-e 3.54 c-f 8.74 b-e 19.49 cde 33.73 bc 37.25 cd 

D2 × V3 1.49 b-e 3.97 c-f 10.66 b-e 16.38 de 32.56 bc 35.48 cd 

D2 × V4 1.23 b-f 2.26 ef 6.699 cde 8.83 e 30.07 c 27.51 de 

D2 × V5 1.92 ab 5.28 bcd 13.72 bcd 37.42 ab 47.63 a 49.48 b 

D2 × V6 1.19 b-f 3.35 c-f 6.76 cde 15.34 e 37.05 bc 28.86 de 

D3 × V1 1.73 bc 4.91 b-e 13.81 bc 32.67 bc 37.49 abc 27.30 de 

D3 × V2 1.54 bcd 6.08 bc 7.09 b-e 34.86 ab 38.23 abc 29.45 de 

D3 × V3 1.90 ab 7.16 ab 12.59 b-e 39.96 ab 33.99 bc 43.26 bc 

D3 × V4 1.14 c-f 5.05 b-e 6.43 e 33.16 b 30.40 bc 32.53cde 

D3 × V5 2.52 a 9.66 a 28.32 a 46.98 a 40.51 ab 64.03 a 

D3 × V6 1.77 bc 4.92 b-e 12.26 b-e 28.93 bcd 36.97 bc 31.03 de 

LSD0.05 0.72 2.96 7.19 13.35 10.28 11.16 

SEm 0.35 1.45 3.53 6.56 5.05 5.49 

CV 32.02% 38.84% 41.05% 37.62% 20.95% 20.23% 

Figures in a column with a different letter (s) differ significantly at a 5% probability level, according to LSD;  n=5, P < 0.05; by analysis of 

variance with factorial randomized complete block design; SEm - Standard error mean; CV - Coefficient of variation 
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3.2 Absolute growth rate (AGR) 

Sowing dates caused differential AGR. At 70-80 DAS highest 

AGR was obtained from D1, and the lowest was observed in the D2 

treatment (Figure 3A). Only BARI Sarisha-16 (V5) among the 

tested varieties reached the ultimate AGR. Rest five varieties 

showed similar AGR at 70-80 DAS (Figure 3B). The combined 

effect demonstrated that treatment D1 × V5 had the highest AGR; 

contrary, the lowest was noted with D2 × V1 at 70-80 DAS (Table 

2). Interestingly combined effect illustrates that varietal interaction 

with D2 sowing lessens the AGR, but when combined with D3 

sowing, again, the AGR rises; the same phenomenon is also 

spotted with the sole effect of planting time. This may be due to 

the variable weather parameters during the experimental period. 

BARI Sarisha-16 (V5) followed a different pattern of AGR, which 

might be of its inherent attributes. Mondal et al. (2018) ascertained 

variable AGR of mutants/variety at different growth stages of 

Brassica juncea. 

 
 

 
Figure 3 Absolute growth rate (AGR) under three sowing dates of six mustard varieties (A) Individual lines show the mean AGR of the three 

planting time at different sowing intervals (DAS) up to harvest (B) Indicates the average AGR of six mustard cultivars at different durations 

(DAS) until harvest (Each data point represents the mean of 5 plant samples; Error bars are the standard error values) 
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3.3 Relative growth rate (RGR) 

An up-down trend of RGR was seen during the planting times. 

But, early sowing, i.e. D1 had the greatest RGR over the other 

planting times at 70-80 DAS (Figure 4A). A varietal consequence 

of RGR was nonsignificant for all sowing intervals except 40-50 

DAS, where Binasarisha-9 (V2) had the utmost RGR. But at the 

final time (70-80 DAS) all the varieties had a centered RGR level 

(Figure 4B). The combined effect exhibited a zigzag pattern of 

RGR at different DAS. However, at 70-80 DAS, extreme RGR 

was marked with treatment D1 × V4 and the minimum was 

recorded with D2 × V1 (Table 3). Sowing dates had a significant 

influence on the RGR. But the varietal effect was not prominent on 

RGR. With the advancement of time, RGR declined for all 

varieties, as per the findings of Uddin et al. (2012). Interaction of 

the two factors perceived that advance planting (D1) with 

Binasarisha-10 (V3) and BARI Sarisha-14 (V4) might be better for 

obtaining the best RGR. Maurya et al. (2022) noted RGR of two 

Indian mustard varieties declined upon the progress of crop 

duration. But our results show different findings, possibly due to 

varietal and weather factors. 

3.4 Crop growth rate (CGR) 

Initially, the CGR was slow up to 50-60 DAS for all sowing dates 

and varieties; but after that, it had a sharp increase from 60-70 

DAS; Thus, at 70-80 DAS, the CGR value drastically rose about 

two to five times than 60-70 DAS (Figure 5A, 5B). At the final 

stage (70-80 DAS), CGR was unaffected by planting times. 

Interaction effects depicted that, at 70-80 DAS, significantly higher 

CGR was obtained from D1 × V3 and the lowest was identified 

with D3 × V4 treatment combination, which differed from the other 

treatments (Table 4). Though there was variation in CGR from 30-

40 DAS to 60-70 DAS, but at 70-80 DAS, both sowing dates and 

varieties didn’t significantly affect CGR value. Initial variation might 

be due to cultural practice. But after the flowering stage, no major  

Table 2 Absolute growth rate (mg/plant/day) of mustard affected by sowing time and varieties 

Treatment combinations 30-40 DAS 40-50 DAS 50-60 DAS 60-70 DAS 70-80 DAS 

D1 × V1 145.10ef 198.75e 527.50 cde 499.20 f 1186.30 b-e 

D1 × V2 33.07f 732.88abc 219.80 e 948.90 def 1070.40 cde 

D1 × V3 322.17b-e 284.67de 528.80 cde 632.30 f 2368.10 ab 

D1 × V4 180.53def 316.30de 226.00 e 875.90 def 1733.10 abc 

D1 × V5 325.70b-e 822.12ab 1252.00 a-d 1362.60 a-f 2389.10 a 

D1 × V6 137.90ef 541.40b-e 331.50 de 510.50 f 1410.30 a-d 

D2 × V1 329.53b-e 336.42cde 643.90 b-e 2363.60 abc 184.50 e 

D2 × V2 257.12c-f 346.77cde 206.70 e 2465.70 a 543.20 cde 

D2 × V3 272.40c-f 327.50cde 549.30 cde 1997.10 a-d 291.80 de 

D2 × V4 154.78ef 416.82b-e 134.90 e 2228.90 abc 324.00 de 

D2 × V5 417.95bcd 955.18a 1348.10 abc 1931.60 a-e 1076.20 cde 

D2 × V6 257.62c-f 668.68a-d 298.50 de 2402.20 ab 819.20 cde 

D3 × V1 365.43b-e 376.33cde 1624.90 ab 1256.10 b-f 1440.60 a-d 

D3 × V2 434.30bc 325.83cde 1916.00 a 1221.80 c-f 1395.90 a-d 

D3 × V3 551.27ab 380.97cde 2231.70 a 682.90 f 916.30 cde 

D3 × V4 366.60b-e 194.80e 2228.90 a 494.20 f 466.40 de 

D3 × V5 774.75a 405.12cde 1972.00 a 1582.90 a-f 1445.80 a-d 

D3 × V6 372.68b-e 183.78e 2216.30 a 804.10 ef 598.30 cde 

LSD0.05 252.60 409.14 1002.50 1148.80 1197.80 

SEm 124.30 201.22 493.32 565.29 589.42 

CV 48.08% 56.80% 58.92% 51.37% 66.10% 

Figures in a column having a different letter (s) differ significantly at a 5% level of probability according to LSD; n=5, P < 0.05; by analysis 

of variance with factorial randomized complete block design; SEm, Standard error mean; CV - Coefficient of variation 
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Figure 4 Relative growth rate (RGR) under three sowing dates of six mustard varieties (A) Individual lines show the mean RGR of the three 

planting time at different sowing intervals (DAS) up to harvest (B) Indicates the average RGR of six mustard cultivars at different durations 

(DAS) until harvest (Each data point represents the mean of 5 plant samples; Error bars are the standard error values) 
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Treatment combinations 30-40 DAS 40-50 DAS 50-60 DAS 60-70 DAS 70-80 DAS 

D2 × V6 96.32 abc 71.42 abc 19.56 f 70.41 ab 16.41 c-g 

D3 × V1 90.39 abc 38.71 b-f 62.75 b-e 34.51 cd 35.70 a-f 

D3 × V2 92.92 abc 27.83 ef 74.49 a-d 26.82 d 28.26 a-g 

D3 × V3 102.75 ab 29.44 def 75.57 abc 12.23 d 17.04 c-g 

D3 × V4 92.82 abc 20.83 f 97.94 a 8.28 d 9.54 efg 

D3 × V5 108.77 a 23.07 ef 58.92 cde 25.90 d 22.32 b-g 

D3 × V6 94.46 abc 21.30 ef 96.10 ab 17.20 d 11.76 c-g 

LSD0.05 40.82 39.65 34.83 35.67 30.56 

SEm 20.09 19.51 17.14 17.55 15.04 

CV 31.70% 49.80% 45.87% 53.97% 74.95% 

Figures in a column with a different letter (s) differ significantly at a 5% probability level according to LSD; n=5, P < 0.05; by analysis of 

variance with factorial randomized complete block design; SEm - Standard error mean; CV -  Coefficient of variation 

 

 
 

 
Figure 5 Crop growth rate under three sowing dates of six mustard varieties (A) Individual lines show the mean CGR of the three planting 

time at different sowing intervals (DAS) up to harvest (B) Indicates the average CGR of six mustard cultivars at different durations (DAS) 

until harvest (Each data point represents the mean of 5 plant samples; Error bars are the standard error values) 

0

10

20

30

40

30-40 DAS 40-50 DAS 50-60 DAS 60-70 DAS 70-80 DAS

C
r
o

p
 g

r
o

w
th

 r
a

te
 (

g
/m

2
/d

a
y

)

D1 (31st Oct.) D2 (10th Nov.) D3 (20th Nov.)

0

15

30

45

30-40 DAS 40-50 DAS 50-60 DAS 60-70 DAS 70-80 DAS

C
r
o

p
 g

r
o

w
th

 r
a

te
 (

g
/m

2
/d

a
y

)

Binasarisha-4 (V1) Binasarisha-9 (V2) Binasarisha-10 (V3)

BARI Sarisha-14 (V4) BARI Sarisha-16 (V5) BARI Sarisha-17 (V6)

(A) 

) 

(B) 

) 



 

 
Journal of Experimental Biology and Agricultural Sciences  
http://www.jebas.org 

 
 
 

Growth and development patterns in Mustard as influenced by sowing time                             334 

 

 

 

 

 

 

cultural operations were done, so all the varieties attained closer 

CGR values. The combined effect implies that certain varieties 

acquire better CGR when planted earlier than late sowing. Thus 

Binasarisha-10 (V3), when plated early, may give better CGR, but 

BARI Sarisha-14 (V4), if late planted, may give inferior CGR. 

CGR was; therefore, variety and time sowing depended. Chowhan 

and Islam (2022c) reported a similar trend of CGR progress in 

seven Bangladeshi lentil cultivars. 

3.5 Biological yield 

Peak and significantly higher biological yield were seen with D2 

and D3 planting, but D1 showed significantly least yield; contrary, 

BARI Sarisha-16 (V5) showed a significantly top biological yield 

accompanied by Binasarisha-4 (V1) and Binasarisha-9 (V2). The 

statistically lowest yield was observed in BARI Sarisha-14 (V4) 

(Figure 6A). Treatment amalgamations noted that Binasarisha-10 

(V3) and BARI Sarisha-14 (V4) produced significantly least 

biological yield in D1 planting, while BARI Sarisha-16 (V5) 

showed the best yield in all plantings (D1, D2 and D3). 

Additionally, Binasarisha-4 (V1) and Binasarisha-9 (V2) delivered 

better yields in D2 planting over the treatment combinations 

(Figure 6B). Current results do not align with the findings of Bala 

et al. (2011), who investigated the biological yield of Mustard 

under seven planting times and reported a decline of yield over 

time (late sowing). This may be due to the shift of weather over 

time and some areas' late start of winter. 

3.6 Harvest index 

Late planting (D3) induced a significantly maximum harvest index 

(HI) over D1 and D2 planting. Whereas, BARI Sarisha-17 (V6) 

together with BARI Sarisha-14 (V4) rendered statistically peak HI; 

conversely, the lowest was produced by BARI Sarisha-16 (V5) 

accompanied by Binasarisha-10 (V3) (Figure 6A). Interaction 

effects denoted the highest HI of treatment combination was in D2 

× V4 followed by D2 × V4, and the least was acquired by D3 × V5 

(Figure 6B).  

Table 4 Crop growth rate (g/m2/day) with the interaction effect of sowing time and varieties 

Treatment combinations 30-40 DAS 40-50 DAS 50-60 DAS 60-70 DAS 70-80 DAS 

D1 × V1 2.54 bcd 3.20d 7.43 ab 6.31bcd 21.04 d 

D1 × V2 0.48d 10.34 b 3.16ab 3.63 d 24.81 cd 

D1 × V3 7.23 ab 6.82 bcd 12.31 ab 14.91 a-d 55.60a 

D1 × V4 3.09 bcd 5.60 bcd 3.69ab 5.42 cd 36.35 a-d 

D1 × V5 4.26bcd 11.18 b 16.56ab 16.16 a-d 33.59bcd 

D1 × V6 2.94 bcd 10.04bc 7.09ab 6.39bcd 30.11bcd 

D2 × V1 5.76 abc 4.08cd 8.62 ab 11.76a-d 46.87ab 

D2 × V2 5.02 bcd 6.65bcd 3.86ab 21.85ab 35.72a-d 

D2 × V3 3.29bcd 3.24d 4.63 ab 6.36b-d 23.43cd 

D2 × V4 1.53cd 4.04 cd 1.31 b 3.05 d 21.77cd 

D2 × V5 7.32ab 18.03a 15.68ab 20.64abc 42.98abc 

D2 × V6 3.10bcd 7.36bcd 3.59ab 9.22bcd 28.25 bcd 

D3 × V1 4.13bcd 7.08 bcd 16.80ab 17.86a-d 37.22a-d 

D3 × V2 4.16bcd 5.91bcd 13.27ab 16.52a-d 31.57 bcd 

D3 × V3 7.24 ab 5.32bcd 8.20ab 13.76 a-d 29.47 bcd 

D3 × V4 4.84bcd 2.94 d 14.00 ab 7.06 bcd 20.04d 

D3 × V5 10.61 a 5.61 bcd 18.46 a 24.98a 27.18bcd 

D3 × V6 5.66bc 2.82d 18.06 a 13.87a-d 22.65 cd 

LSD0.05 4.94 6.14 15.66 15.60 21.84 

SEm 2.43 3.02 7.70 7.67 10.74 

CV 64.43% 55.46% 95.88% 77.01% 41.65% 

Figures in a column with a different letter (s) differ significantly at a 5% probability level according to LSD;  n=5, P < 0.05; by analysis of 

variance with factorial randomized complete block design; SEm - Standard error mean; CV - Coefficient of variation 
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Kumar et al. (2018) studied the yield attributes of six Indian 

mustard genotypes (Brassica juncea L.) at three sowing times on 

23 September, 16 October, 21 November and concluded that later 

planting (21 November) gives the least harvest index (%). These 

results are in agreement with the findings of the present. 

3.7 Relationship between growth and yield at different sowing 

times 

Results figured that plant height was significantly and positively 

correlated with days to maturity, which means plant height would 

 
 

 
Figure 6 Biological yield (BY) and harvest index (HI) of six mustard varieties at three planting dates after harvest (A) Exhibits the  

individual influence of sowing times and varieties on HI and BY, (B) Presents the combined effect of sowing times and varieties on HI and 

BY (Here BY and HI were calculated using whole plot, i.e., 3m2 harvesting; Error bars are the standard error values) 
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increase with the increase in days to maturity of mustard varieties. 

Mostofa et al. (2016) established similar results. It was also 

reported by Aytaç and Kınacı (2009). But it had a positive, 

nonsignificant correlation with primary branches, secondary 

branches, biological yield, total dry matter, and harvest index. 

Primary branches showed a significant and positive relationship 

with total dry matter and biological yield but a nonsignificant and 

positive relationship with secondary branches, harvest index and 

days to maturity. Secondary branches had a significant and positive 

relationship with harvest index but a nonsignificant and positive 

relationship with total dry matter, biological yield and days to 

maturity. Total dry matter showed a nonsignificant and positive 

relationship with biological yield, harvest index and days to 

maturity. Similar outcomes were also observed by Sharif et al. 

(2017). The biological yield had a significant and positive 

relationship with the harvest index but a nonsignificant and 

positive relationship with days to maturity. Alikefindings were also 

obtained by Mostofa et al. (2016). The harvest index showed a 

nonsignificant but positive relationship with days to maturity 

(Table 5). 

Conclusion 

Mid of October is considered the best sowing time for Mustard, but 

this timing is shifting behind due to seasonal and weather changes. 

Our results show that most growth parameters were peak under 31
st 

October planting, but varieties showed a different trend. BARI 

Sarisha-16 seemed to have a wide range of adaptation over the 

planting times, thus attaining top biological yield with all sowing 

times and retaining maximum TDM and AGR at harvest. However, 

the yield of popular cultivars like Binasarisha-9, Binasarisha-10 and 

BARI Sarisha-14 increased in the late sowing condition. Findings 

revealed that even if sowing is delayed about three weeks from the 

optimum time, the yield might not reduce, and it was positively 

significantly correlated to the harvest index. So, farmers can sow 

mustard seeds up to 20 November without sacrificing any significant 

biological yield from Magura's perspective. 
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