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A field experiment was carried out during the pre-monsoon season of 2021 at the 
experimental farm of the College of Post-graduate Studies in Agricultural Sciences, Barapani 
(CAU-Imphal) to ascertain an optimum sowing period for blackgram cultivars. The field 
experiment was laid out in split plot design under recommended package of practices. The 
treatment consisted of three sowing dates, from last week of February, the first week of 
March, and the second week of March, which have been taken under the main plot treatment. 
Four blackgram varieties, viz., PU 1, PU 30, PU 31, and INDIRA, were taken under sub-plot 
treatment. Varietal significant differences were recorded for crop growth rate, relative growth 
rate, and net assimilation rate during the early growing stage of the crop. However, at a later 
stage, the difference was found to be non-significant. Sowing of PU-31 on the first week of 
March produced the highest grain, stover yield, harvest index, and benefit cost ratio among 
varieties i.e., 0.96, 2.52 t ha-1, 27.62%, 1.84, and sowing dates  0.96, 2.42 t ha-1, 28.48%, 1.87, 
respectively. Results suggested that sowing blackgram during the first week of March is 
profitable for getting a significantly higher grain yield and benefit-cost ratio under pre-
monsoon conditions. 

 
1. Introduction 

India contributes 25.79% of global pulses 
production and ranks first in world total pulse production. 
India is the largest producer and consumer of pulses and 
shares 28.99 Mha area with a productivity of 0.84 t ha-1 (DES, 
2020-21). Blackgram (Vigna mungo L.)  also known as 
urdbean, mash, muyo bean, black mapte etc., grown as one of 
the principal short duration pulse crops in different parts of 
the India. From total pulses production black account 2.34 mt 
which contributes 13% in total pulses area and 10% in total 
production of India. Besides growing as sole crop, this crop 
can grow in cropping systems as a mixed crop, catch crop, 
inter crop under residual soil moisture conditions after the 
harvest of lowland rice (Das et al., 2016; Dhivya and Ray,  

2020). In dryland condition, this crop can also be grown 
before and after the harvest of summer crops. Blackgram seed 
are highly nutritious with protein (25-26%), carbohydrates, 
mineral and vitamins. It has multiple uses, where leaves and 
green stalks can be used as fodder, green pods are used as 
vegetable, dried seeds are consumed as dal and even used as a 
constituent in Papad, Idli, dosa and many other Indian 
cuisines (Prasad, 2002). Under North Eastern Region (NER) 
of India, the area planted under pulses expanded dramatically 
from 1,12,000 ha in 2000-01 to almost 2,17,000 ha in 2013-
14 and the pulse productivity also enhanced due to various 
interventions from 647 to 848 kg ha-1(Das et al., 2016). The 
pulse requirement at national level is expected to increase 
from present 15 to 32 million tonnes, for which a growth rate  
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of 4.2 % is necessary (Das et al., 2016). On the contrary, 
under national scenario the pulse availability is following a 
decreasing trend (Roy et al., 2017; Saikia et al., 2018; John 
et. al., 2021). Pulse availability dwindled from 69 g in 1961 
to 37 g in 2016-17 which is a matter of serious concern, 
which is below the 50 g pulse per capita per day along with 
additional sources of protein (John et. al., 2021). In North 
Eastern region (NER), the per capita availability of pulses is 
20 g per day as against a requirement of 40 g per day (Gupta 
et al., 1998). This region is almost 82% deficit in pulse 
production against its requirements as per Indian Council of 
Medical Research recommendation (Roy et al., 2017). 

The production and productivity can be increased 
by adopting appropriate package of practices, viz., short-
duration varieties, conservation tillage, mulching, adjustment 
of sowing time, integrated nutrient and pest management, etc. 
(Singh et al., 2020). Pulses production depends on a number 
of factors among which “time of sowing” is one the most 
important non-monetary parameter. Optimum date of sowing 
helps in proper utilization of soil moisture and temperature, 
which leads to better growth, seed set and seed yield of 
pulses. In order to avoid heavy yield losses in kharif 
blackgram due to high insect-pest, diseases and less fruit 
setting, rabi and summer blackgram can be adopted with an 
optimum temperature of 25 to 350C. Short duration 
blackgram cultivation not only adds extra food to the food 
basket, it also enhances soil quality significantly (Ahmadet 
al., 2014; Dhivya et al., 2020). Therefore, keeping in view of 
these considerations, present investigations was attempted to 
optimize the suitable date of sowing for the higher yield. 

 
2. Materials and methods 

A field experiment was undertaken at experimental 
farm of College of Post-graduate Studies in Agricultural 
Sciences, Meghalaya, during summer season, 2021 to study 
the comparative performance of variable physiological and 
yield parameters of blackgram cultivars under different  

sowing dates. The experimental site was located at 
091°54.72’ E longitude and 25°40.886’ N latitude and at an 
altitude of 950 m above the mean sea level (MSL) (Fig.1). 
The soil of research plot had high in organic carbon (1.16%), 
medium in nitrogen (243 kg ha-1), medium in available 
phosphorus (16 kg ha-1), medium in potash (221 kg ha-1) and 
moderate acidic in reaction (5.01 pH). The experiment was 
laid out in Split Plot Design where main plots were assigned 

to three sowing dates, viz., T1: last week of February (25th 
February), T2: first week of March (5th March), T3: second 
week of March (13th March) and under sub-plots three 
varieties were assigned, viz., V1: PU 1, V2: PU 30, V3: PU 
31, V4: INDIRA of blackgram and the treatment 
combinations were randomly replicated thrice. The seeds 
were line sown at 30 × 10 cm2 spacing. Before sowing, the 
seed was treated with Trichoderma @ 10 ml per kg of seed 
followed by Rhizobium @ 100 ml per kg of seed. 
Recommended doses of N, P and K @ 20: 40: 40 NPK kg ha-

1 were applied at the time of sowing. Similarly, other standard 
intercultural operations and management practices were 
followed as and when required during crop growth period. 
The growth observations, physiological parameters and yield 
were recorded at 30 days interval up to harvest whereas the 
yield attributing and yield observations were recorded at 
harvest by selected randomly five plants from each plot. 

Different meteorological parameters were 
recorded on standard meteorological week (SMW) basis 
during the crop growing period from 8th to 25th SMW. A 
figure was plotted for these observed meteorological 
parameters and shown in Fig.2.The mean weekly maximum 
and minimum temperature during the cropping season was 
27.58oC and 16.19oC, respectively. The mean weekly 
maximum and minimum relative humidity was recorded to be 
83.44% and 59.79%, respectively. Mean weekly pan 
evaporation was 3.03 mm day-1 and mean weekly wind speed 
was 2.84 km hr-1. In the entire cropping season, the total 
rainfall was 84.72 cm. 

Figure 1. Location of the experimental site 
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Figure 2. Variation of weather parameters during crop growing period 
 

Various physiological parameters such as Crop Growth Rate 
(CGR), Relative growth rate (RGR) and Net Assimilation 
Rate (NAR) were also recorded at an interval of 30 days after 
sowing (DAS), harvest index (HI) and benefit cost ratio 
(BCR) were calculated after harvesting standard protocols. 
 
Crop Growth Rate (CGR) 

Crop growth rate was worked out between 30, 60, 
90 DAS and at harvesting after sowing by using the formula 
(Eq.1) (Watson, 1947) expressed as g m-2 day-1. 

                                                     ...(1) 

Where, W1 and W2 are Dry matter production (g) per plant at 
time t1 and t2 respectively, P is ground area covered by plant 
(m²). 
 
Relative growth rate (RGR) 

Relative growth rate was worked out between 30, 
60, 90 DAS and at harvesting after sowing by using the 
formula (Eq.2) (Blackman, 1919) and expressed as mg g-1 
day-1. 

                                        ...(2) 

Where, W1 and W2 are dry weight production (g) of plant at 
time t1 and t2, respectively. 
 
Net Assimilation Rate (NAR) 

Net assimilation rate is a measure of increase of dry 
weight per unit leaf area. NAR was worked out between 30, 
60, 90 DAS and at harvesting after sowing by using the 
formula (Eq.3) (Beadle, 1987) and expressed as mg cm-2 day-

1. 

„(3) 

Where, W1 and W2 are the dry matter accumulation (g), LA1 
and LA2 are leaf area (cm2) at time t1 and t2, respectively. 
Different yield parameters, economical and biological yield  

for blackgram also estimated and later converted to per 
hectare basis, using standard protocols. Seed yield obtained 
from each net plot area was sun dried cleaned thoroughly, 
weighed and expressed as kg ha-1. Similarly, stover yield 
obtained from each net plot area was thoroughly sun dried, 
until a constant weight and expressed as kg ha-1.  
 
Harvest Index (HI) 
Harvest index value was also estimated, which is the 
relationship of economic yield to the total biological yield 
and expressed in percentage (Eq.4) (Donald, 1962). 

       ...(4)   

 
Benefit Cost Ratio (BCR)  
The cost of cultivation for blackgram was estimated based on 
the prevailing market price, labour cost and charges for other 
miscellaneous activities. Similarly, the price of the produce 
was taken based on the Government of India Minimum 
Support Price (MSP)-2021. Accordingly, the benefit cost 
ratio (BCR) was quantified (Eq.5). The observed field 
experimental data were statistically analysed as per the 
method described by Gomez and Gomez (1984). 
BCR = Gross return /cost of cultivation                       ...(5) 
 

3. Results and Discussions 
Various physiological, yield parameters and benefit cost ratio 
were estimated for blackgram crop during pre-monsoon 
season and presented under different sub-sections in a 
structured way. 
 
Physiological parameters 
Dates of sowing immensely affected on crop growth rate 
(CGR), relative growth rate (RGR) and net assimilation rate 
(NAR) of the blackgram crop. The analysed values are 
presented in Table 1.  
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The different physiological parameters, viz., CGR, RGR and 
NAR were progressively increased or by multi fold according 
to their successive increase on relative succession 
development in all treatment combinations, i.e., from 30 to 90 
DAS and maximum observed between 60 to 90 DAS, further 
increase in age of the crop it started decline up to harvest. 
This was might be due to leaf shedding, less light 
transmittance of upper leaves over the lower leaves, which 
reduces the rate and capacity of assimilate accumulation of 
lower leaves at physiological maturity stage. Similar findings 
reported by Banerjee et al. (2021), Banik et al. (2009), 
Sinclair and Muchow (1999). Highest CGR recorded with 
sowing date of first week of March, i.e., 9.38g m-2 day-1 
during 60-90 DAS and lowest was recorded with sowing date 
of second week of March, i.e., 2.17 g m-2 day-1 during 0-30 
DAS under main-plot treatment. Highest NAR was recorded 
with sowing date of first week of March, i.e., 0.44mg cm-2 
day-1 than sowing date of second week of March. This was 
might be due to early planting, which provided a long 
duration for their better reproductive growth, development 
and more production of functional leaves. However, short 
vegetation period was resulted to late planting causes a 
reduction in plant fresh weight, number of branches, leaf 
area, number of pods per plant, number of seeds per pod, 
ultimately it reduces the dry weight accumulation. These 
findings are in conformity with the findings of Rajput and 
Rajput (2017), Maruthupandi et al. (2016), Sritharan et al. 
(2015), Siddique and Bose (2015), Surendar et al. (2013), 
Mondal et al. (2012), Kumar et al. (2009), Hozayn et 
al.(2007), Sugui and Sugui (2002). Under the main plot, NAR 
was found to have a significantly higher value at the sowing  

date with the first week of March, i.e., 0.34 mg cm-2 day-1 
during 30-60 DAS than at the sowing dates with the second 
week of March and the last week of February, i.e., 0.30 and 
0.26 mg cm-2 day-1, respectively. 

Among different genotypes, highest CGR was 
recorded with PU 1, i.e., 9.24 g m-2 day-1 during 60-90 DAS. 
Moreover, highest RGR recorded with INDIRA, i.e., 28.57 
mg g-1 day-1 during 30-60 DAS and highest NAR was 
recorded with PU 1, i.e., 0.47 mg cm-2 day-1 during 60-90 
DAS. CGR, RGR and NAR were significantly highest value 
recorded in PU 30, i.e., 0.54g m-2 day-1, INDIRA, i.e., 
28.57mg g-1 day-1 and PU 1, i.e., 0.47 mg cm-2 day-1 during 0-
30, 30-60 and 60-90 DAS, respectively. These could be the 
result of distinct genotypes' varying genetic potential as well 
as a lack of interaction between different sowing dates and 
blackgram varieties. Similar trend of observations reported 
byKumar and Kumar (2022), Subbulakshmi (2021), Poudel et 
al. (2020), Saikia et al. (2018), Ibrahimi et al. (2017), Meena 
and Ram (2016), Singh et al. (2013),Revanappa et al. (2012). 

 
Yield Parameters 

Grain, stover, biological yield, harvest index and 
benefit cost ratio (BCR) of blackgram is presented in Table 2. 
Similarly, the effect of different dates of sowing and varieties 
on yield parameters of blackgram is shown in Fig.3.  

The grain, stover, biological yield and harvest 
index were recorded maximum for sowing date with first 
week of March, i.e., 0.96 t ha-1, 2.4 tha-1, 3.3 t ha-1 and 
28.48%, respectively and lowest at late planting after first 
week of March (11th March), i.e., 0.83 t ha-1, 2.3 t ha-1, 3.12 t 
ha-1 and 26.63%, under main-plot treatment. However,  

 

Table 1.Effect of sowing dates on different physiological parameters of blackgram varieties 

Treatments CGR (gm-2 day-1) RGR (mg g-1 day-1) NAR (mg cm-2 day-1) 

DAS  
0-30 
DAS 

30-60 
DAS 

60-90 
DAS 

90-120 
DAS 

30-60 
DAS 

60-90 
DAS 

90 DAS-
Harvest 

30-60 
DAS 

60-90 
DAS 

90 DAS-
Harvest 

Main-plot treatments (T- Date of Sowing) 

T0-25/02/2021 0.46 2.23 9.04 4.44 25.76 21.42 4.65 0.26 0.38 0.16 
T1-04/03/2021 0.47 2.52 9.38 4.50 26.81 20.65 4.52 0.34 0.44 0.18 
T2-11/03/2021 0.49 2.17 8.18 3.98 24.33 20.39 4.54 0.30 0.40 0.17 

S.E.(m) ± 0.01 0.09 0.29 0.40 0.60 0.61 0.38 0.01 0.02 0.02 

C.D. (P =0.05) NS NS NS NS NS NS NS 0.03 NS NS 

Sub-plot treatments (V-Variety) 
V1- PU 1 0.48 2.11 9.24 4.54 24.32 22.02 4.72 0.30 0.47 0.19 

V2- PU 30 0.54 2.14 8.80 4.19 23.22 21.10 4.55 0.28 0.42 0.16 

V3- PU 31 0.49 2.57 9.10 4.47 26.42 20.12 4.56 0.31 0.37 0.15 
V4- INDIRA 0.39 2.41 8.33 4.02 28.57 20.04 4.45 0.31 0.38 0.17 

S.E.(m) ± 0.01 0.13 0.43 0.02 0.84 0.92 0.23 0.02 0.03 0.01 
C.D.(P=0.05) 0.04 NS NS NS 2.5 NS NS NS 0.08 NS 
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sowing date with first week of March produced significantly 
highest yield and BCR over sowing date with second week of 
March. This might be due to plants sown at early sowing 
dates had long growing periods and produced higher number 
of green leaves and leaf area. The amount of photosynthesis 
is a product of the solar radiation intercepted and the total leaf 
area of the plant. So, early sowing of crop leads to increase in 
accumulation of more photosynthates from source to sink; 
this result is in agreement with the works of Das et al. (2022), 
Reddemma et al. (2019), Dwivedi et al. (2018), Patidar and 
Singh (2018), Hossain et al. (2016), Jha et al. (2015), Ahmad 
et al. (2014), Reddy et al. (2014), Gangwar et al. (2012), 
Revanappa et al. (2012), Sharma et al. (2012), Rehman et al. 
(2009), Yoldas and Esiyok (2007), Yadahalli et al. (2006), 
Poehlman (1991), Ismail and Khalifa (1987). This was also 
might be due to the more suitable climatic factors, i.e., 
availability of temperature, rainfall, humidity, sun-shine 
hours and GDD, similar findings have been reported by Rani 
et al. (2014), Srivastava et al. (2013), Antony et al. (2006), 
Malik et al. (2003), Biswas et al. (2002). Under sub-
plottreatment, PU 31 recorded highest gain, stover and 
biological  

yield, i.e., 0.96 t ha-1, 2.5 tha-1 and 3.5 t ha-1 and INDIRA 
recorded lowest gain, stover and biological yield, i.e., 0.84 t 
ha-1, 2.2 t ha-1 and 3.05 tha-1. These types of variations were 
might be due to variation of duration of flowering and 
maturity of genotypes is mainly governed by the genetic 
make-up of the genotypes. Similar findings were observed by 
Kumar and Kumar (2022), Subbulakshmi (2021), Poudel et 
al. (2020), Ibrahimi et al. (2017), Meena and Ram (2016), 
Singh et al. (2013), Dodwadiya and Sharma (2012), Singh et 
al. (2011) and Miah et al. (2009), Patra et al. (2000). 
 
Benefit cost ratio (BCR) 
Sowing during first week of March (4th March), recorded 
significantly highest BCR, i.e., 1.87 over other dates of 
owing, under main-plot treatment (Fig.4), however, under 
sub-plot treatment, PU 31 recorded maximum BCR, i.e., 1.84, 
over other varieties. This was might be due to higher grain, 
stover, biological yield and harvest index performance. 
Similar findings were also observed by Reddemma et al. 
(2019), Saikia et al. (2018), Kumar and Kumawat (2014), 
Jadhav et al. (2014). 

 

Table 2. Effect of sowing dates on different yield parameters and BCR of blackgram varieties 

Treatments 
Grain Yield (kg 

ha-1)       
Stover Yield 

(kg ha-1)      
Biological 

Yield(kg ha-1) 
Harvest 

index (%)  
BCR 

Main-plot treatments (Date of sowing) 

T0 – 25/02/2021 930.00 2381.83 3311.83 28.08 1.80 
T1 – 04/03/2021 963.58 2421.17 3384.75 28.48 1.87 
T2 – 11/03/2021  830.33 2289.58 3119.92 26.63 1.61 

S.E.(m) ± 25.77 60.80 66.67 0.80 0.05 
C.D.(P=0.05) 101.17 NS NS NS 0.20 
Sub-plot treatments (V- Variety) 

V1- PU 1 927.22 2413.44 3340.67 27.73 1.77 
V2- PU 30 895.56 2316.00 3212.56 27.90 1.76 
V3- PU 31 964.11 2523.22 3487.33 27.62 1.84 
V4- INDIRA 844.00 2204.11 3048.11 27.68 1.66 
S.E.(m) ± 36.66 71.38 86.41 0.91 0.07 
C.D.(P=0.05) NS 212.05 256.71 NS NS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Effect of various sowing dates and varieties on yield parameters of blackgram 
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Figure 4. Effect of various sowing dates and varieties on BCR of blackgram 

 

4. Conclusions  
It can be inferred from the current field experiment 

conducted during the pre-monsoon season that sowing 
blackgram during the first week of March (4th March) 
provided a yield that was significantly higher than other 
sowing dates, i.e., 936.58 kg ha-1. Similar to this, there was no 
interaction between different sowing dates and blackgram 
variety, and PU 31 generated a higher yield, i.e., 963.58 and 
964.11 kg ha-1, than other sowing dates and blackgram 
varieties, respectively. Blackgram, can be easily 
accommodated in the north eastern region during the pre-
monsoon season. It will not only supply this region's food 
basket with nutrient-rich pulses, but it also looks after the 
quality of the soil. 
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