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Abstract 
The studies on the effect of smoke on germination and post germination response on seed quality 
parameters of treated green gram seeds was conducted under Completely Randomized block Design 
(CRD). The experiments conducted resulted in no adverse effect on germination percent, rather the 
treatment of pulse seeds at different exposure to smoke enhanced the germination percentage. The 
treatment of green gram seeds with neem seed cake (97 to 100%) was most effective followed by 
Mustard seed cake (95-99%), Karanj seed cake, cow dung cake and wheat husk smoke at 120 h of smoke 
exposure. Similarly, the germination index, root length, shoot length, vigor index and significance of 
variability was also found more in smoke treated pulse seeds in comparison to untreated control which 
clearly showed positive effect of smoke on germination and post-germination response of pulse seeds. 
Hence, it may be concluded that these eco-friendly and cost-effective products can easily be made 
available and used as seed treatment stored pulses without impairing the quality of seeds for 3 months of 
storage period. 
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Introduction 
Pulses are defined by the FAO as legumes harvested solely for their seed which is consumed 
directly. Pulses are a good source of vegetable protein catering to the needs of 44 mostly 
vegetarian population (Mohapatra et al., 2018). Pulses and cereal grains have similar total 
carbohydrate, fat, niacin, riboflavin, thiamine and vitamin B6 contents. However, pulses have 
higher protein, folate, iron, magnesium, potassium, and zinc content than cereals (Singh, 2017) 
[18]. The per capita availability of pulses is@ 42g per day. Hence, there is an urgent need 
for increasing the pulses production to meet the growing demand for consumption 
(Ramazeame, 2014) [16]. The extent of damage to pulse seeds is very high both qualitatively 
and quantitatively. About 100% loss of pulse seeds was found due to infestation by pulse 
beetle (Aslam et al., 2002) [3]. In India, among various pulses green gram stands third and 
contributes 11% of the total pulse production with 1.61 million tonnes from an area of about 
3.42 mha. The mung bean, alternatively known as the green gram, mash, moong, monggo or 
munggo is a plant species in the legume family India (Manju et al., 2019) [12]. Among the grain 
legumes, green gram[ Vigna radiate (L.) Wilczek], commonly known as ‘Moong or mung bean 
is an excellent source of high quality protein. It contains about 25% protein of high 
digestibility (Kundu et al., 2013) [11]. The average yield of green gram is 512kg/ha (Soumia et 
al., 2015) [21]. Plant and animal origin products such as cow urine and cow dung ash powder, 
Panchgavya, Bijamrit and cow dung smoke, neem leaves smoke, karanj seed cake smoke etc. 
were also evaluated as an eco-friendly management tools for stored insect pests (Arya and 
Tiwari, 2013) [2]. Quantify the possible effect of smoke generated by the burning of cow dung 
cake on quality of seeds of stored pulse commodities under airtight conditions (Yadav and 
Tiwari, 2016; Kishor et al., 2021) [10].  
 
Materials and Methods 
The experiments on the Effect of Smoke on germination and post germination response of smo
ke treated pulse seeds were conducted during 2020- 2021 in the department of entomology, 
Sam Higginbottom University of Agriculture Technology And Sciences, Prayagraj, Dist. Nain
Uttar Pradesh. Current experiment conducted using Complete Randomized Design (CRD) with 
three replications. The green gram seeds were treated with smoke with the help of smoker. 
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Methodology 
The pulse seeds were kept in conical flasks treated with 
various smokes separately for different exposure time periods 
under airtight conditions. Then the disinfected smoke treated 
pulse grains were transferred in an air tight 1kg plastic jar, 
separately and was stored for 3 months under air- tight 
conditions. After the storage of treated pulse seeds for 3 
months Germination Assay test was done separately for all 
treated green gram seeds as mentioned above. The seed 
germination test was carried out by employing rolled paper 
towel test according to International rules of Seed Testing 
(Anonymous, 1985). Twenty seeds of all treated pulse 
commodities were taken and placed on a wet paper towel and 
then again the seeds were covered with wet paper towel and 
then towel was rolled and kept in tray in slanting position for 
7-8 days. The moisture content was being maintained by 
spraying water regularly on the rolled paper towel. The 
germinated seeds were then counted after 7-8 days and length 
of roots and shoots were measured along with the 
calculation of vigour index and significance of variability. Th
en, seed germination percentage, ge 
 germination index, vigour index was calculated and seedling 
root and shoot length were also measured. Germination index 
was calculated using formula designed by (ISTA, 2010) and 
seedling vigour index was calculated by using equation 
designed by (Abdulbaki and Anderson, 1973; Iqbal et al., 
2016) [1, 8]. 
 
Results and Discussions 
Germination (%):- The germination percentage of treated 
green gram seeds were observed to be highest when treated 
with neem seed cake smoke ranging between 86.52 to 100% 
after smoke exposure of 1, 12, 24, 48, 72, 96,and 120h 
followed by karanj seed cake ranging between 86.52% to 
99.60% and when treated with mustard seed cake it ranged 
between 86.52% to 99.27% along with germination % ranging 
between 86.52% to 90.17% when treated with cow dung cake 
smoke and when treated with wheat husk smoke it ranged 
between 86.52 to 97.67%. 
 

Germination index: The germination index of treated green 
gram seeds were observed to be highest when treated with 
karanj seed cake and mustard seed cake ranging between 2.87 
to 3.32 followed by neem seed cake smoke ranging between 
2.87 to 3.27 along with germination index ranging between 
2.87 to 3.00 when treated with cow dung cake smoke and 
when treated with wheat husk smoke it ranged between 2.87 
to 3.21. 
 
Root length 
The highest root length was observed when seeds were treated 
with mustard seed cake for 120 hours of smoke exposure and 
it was 8.03cm followed by karanj seed cake (7.58cm), wheat 
husk smoke (6.60 cm), neem seed cake (6.51 cm) and cow 
dung cake (6.21 cm). Similarly root length was measured 
after 1, 12, 24, 48, 72and 96 h of smoke exposure. 
 
Shoot length 
Similar like root length, the shoot length was observed to be 
highest (19.31 cm) after120 h of smoke exposure to mustard 
seed cake followed by karanj seed cake (7.83 cm), wheat husk 
smoke (7.53 cm), neem seed cake (6.51 cm) and cow dung 
cake (5.61 cm). Similarly root length was measured after 1, 
12, 24, 48, 72and 96 h of smoke exposure 
 
Vigor index 
The root length and shoot length along with percent 
germination of treated green gram seeds gave vigor index 
values which was found the highest after 96 and 120 h of 
smoke exposure and it was mustard seed cake (2472.30) 
followed by karanj seed cake (1535.44), neem seed cake 
(1383.91), wheat husk smoke (1371.17) and cow dung cake 
(1066.45). Similarly root length was measured after 1, 12, 24, 
48, and 72 h of smoke exposure.  
 
Significance of viability 
It was observed to be ranging between 0.96 to 1.11 when 
treated with various smokes for 1, 12, 24, 48,72,96 and 120 h 
of smoke exposure 

Table 1: Effect of mustard seed cake smoke on quality parameters of green gram seeds under different exposure time periods 
 

S. 
No. 

Exposure time 
(hour) 

Germination 
(%) 

Germination 
index 

Root length 
(cm) 

Shoot length 
(cm) 

Vigor 
index 

Significance of 
viability 

1. 1 98.00 3.28 7.33 13.00 2074.85 1.15 
2. 12 98.00 3.24 7.33 14.33 2111.03 1.15 
3. 24 94.33 3.14 6.67 14.67 1991.32 1.07 
4. 48 95.67 3.17 6.33 14.00 1971.88 1.09 
5. 72 96.67 3.23 7.00 14.67 2061.28 1.13 
6. 96 97.67 3.24 7.33 17.67 2472.30 1.08 
7. 120 99.27 3.32 8.03 19.31 1821.97 1.11 

8. Untreated 
control 86.52 2.87 5.00 5.87 961.83 1.00 

 
Table 2: Effect of Karanj seed cake smoke on quality parameters of green gram seeds under different exposure time periods 

 

S. 
No. 

Exposure 
time(hour) 

Germination 
(%) 

Germination 
index 

Root 
length(cm) 

Shoot length 
(cm) 

Vigor 
index 

Significance of 
viability 

1. 1 97.00 3.20 5.27 7.27 1215.85 1.13 
2. 12 96.67 3.22 4.80 7.33 1172.93 1.14 
3. 24 97.00 3.23 5.50 7.20 1235.48 1.10 
4. 48 97.00 3.23 6.20 7.10 1307.28 1.10 
5. 72 97.00 3.23 5.87 7.27 1268.74 1.16 
6. 96 98.00 3.26 7.40 7.27 1438.35 1.09 
7. 120 99.6 3.31 7.58 7.83 1535.44 1.11 
8. Untreated control 86.52 2.87 5.00 5.87 961.83 1.00 
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Table 3: Effect of Cow dung cake smoke on quality parameters of green gram seeds under different exposure time periods 

 

S. 
No. 

Exposure 
time(hour) 

Germination 
(%) 

Germination 
index 

Root length 
(cm) 

Shoot length 
(cm) 

Vigor 
index 

Significance of 
viability 

1. 1 88.33 2.88 5.65 5.79 1048.17 1.03 
2. 12 87.55 2.83 5.18 4.92 879.07 1.03 
3. 24 87.55 2.92 5.48 5.96 958.62 0.99 
4. 48 88.00 2.92 5.15 5.73 963.85 1.00 
5. 72 87.77 2.92 5.23 5.55 941.82 1.05 
6. 96 86.78 2.88 5.44 5.62 1028.01 0.96 
7. 120 90.17 3.00 6.21 5.61 1066.45 1.01 
8. Untreated control 86.52 2.87 5.00 5.87 961.83 1.00 

 
Table 4: Effect of Neem seed cake smoke on quality parameters of green gram seeds under different exposure time periods 

 

S. 
No. 

Exposure 
time(hour) 

Germination 
(%) 

Germination 
index 

Root length 
(cm) 

Shoot length 
(cm) 

Vigor 
index 

Significance of 
viability 

1. 1 100.00 3.29 5.84 6.90 1232.23 1.16 
2. 12 99.00 3.29 5.43 6.90 1226.93 1.15 
3. 24 95.33 3.17 5.85 7.07 1224.29 1.08 
4. 48 97.00 3.23 5.77 6.63 1187.96 1.10 
5. 72 97.33 3.24 5.07 6.83 1196.20 1.16 
6. 96 97.00 3.23 5.67 7.10 1240.32 1.07 
7. 120 98.56 3.27 6.51 7.53 1383.91 1.10 
8. Untreated control 86.52 2.87 5.00 5.87 961.83 1.00 

 
Table 5: Effect of wheat husk smoke on quality parameters of green gram seeds under different exposure time periods 

 

S. 
No. 

Exposure 
time(hour) 

Germination 
(%) 

Germination 
index 

Root length 
(cm) 

Shoot length 
(cm) 

Vigor 
index 

Significance of 
viability 

1. 1 95.67 3.18 5.57 6.63 1192.98 1.12 
2. 12 95.00 3.16 5.63 6.67 1154.86 1.12 
3. 24 94.00 3.13 5.33 6.77 1136.37 1.07 
4. 48 92.33 3.07 5.10 7.17 1140.30 1.05 
5. 72 92.00 3.06 5.73 6.40 1168.81 1.10 
6. 96 97.67 3.25 5.60 6.37 1142.98 1.08 
7. 120 96.46 3.21 6.60 7.67 1371.17 1.08 
8. Untreated control 86.52 2.87 5.00 5.87 961.83 1.00 

 
Discussion 
Staden et al., 2000 [23] investigated the use of smoke as a 
trigger for germination in relation to specific growth, 
regeneration strategies etc. It ensures germination. Brown et 
al., 2003 [4] identified the germination enhancing effect of 
plant derived smoke on seeds of Fynbos sps. Brown et al., 
1997 [5] identified Smoke as an important tool in management 
of storage pests. Sparg et al., 2006 [22] evaluated the effect of 
smoke as a germination cue and also suggested that smoke 
improves vigour and highlighted the effects of aerosol smoke 
and smoke water on the germination and seedling vigour. 
Soos et al., (2009) [20] studied a massive increase in post- 
germination growth and seedling vigour in maize with smoke. 
Demir et al., 2012 [6] evaluated a smoke-derived butenolide 
has been shown to improve sedling vigour of various crop 
species. Iqbal et al., 2016 [8] evaluated that smoke produced 
from burning of plant material elicited a striking increase in 
the germination in various plant species. Plant derived smoke 
has stimulatory effect on germination and post germination 
response in non imbibed seeds and caused inhibitory effect in 
imbibed seeds. Yadav and Tiwari, (2017) [24] reported the 
positive effect of smoke generated by burning of cow dung 
and neem leaves in enhancement of the seed germination with 
more root and shoot length of treated wheat seeds which 
ultimately gave high vigour index and significance of 
viability. Kishor et al., 2021 [10] studied the effect of cow 
dung smoke on mortality of pulse beetle, Callosobruchus 
chinensis (Linn) and on quality parameters of stored 

commodities viz. green gram, black gram, and red gram and 
evaluated that the overall mean mortality of Pulse beetle on 
different stored pulses was increased to four times with smoke 
treatments at different time intervals of exposure periods. 
 
Summary 
The effect of smoke on germination and post germination 
response of different pulse commodities under different 
exposure time intervals i.e., 1, 12, 24, 48, 72, 96 and 120 h 
were observed under airtight conditions. The exposure of 
pulse seeds to different smokes doesn’t have any adverse 
effect on germination response of pulse seeds rather it 
enhanced the germination percentage. Almost near to 100% 
germination percentage was observed in smoke treated pulses. 
This treatment was effective generally after 96 and 120 h of 
expoaure to smoke. Germination index was calculated ranging 
between 2.87 to 3.31 and along with root length extending 
upto 8.03 cm and shoot length extending upto 19.31 cm along 
with highest calculated vigour index of 2472.30 with 
significance of viability of 1.11. This clearly proved that 
smoke at different exposure periods was not deleterious to 
seed quality of pulse commodities. 
 
Conclusions 
The effect of smoke showed the positive effect of smoke 
treatment in enhancing the seed germination of treated seeds 
of green gram with more root and shoot length which 
ultimately gave high vigor index and significance of 
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variability, under different experiments conducted under 
airtight conditions. Based on the results of these studies it can 
be concluded that smoke exposure to pulse seeds for 1h to 
120h can easily be done for rapid emergence, enhancing 
germination percentage and production of vigorous seedling. 
It has also been concluded that among all the plant and animal 
origin by-products, smoke from mustard seed cake was found 
to be the most effective in enhancing the germination and post 
germination response of treated pulse seeds. Study validated 
the efficacy of these plant and animal origin by-products 
against storage insect pests for success and sustainability of 
this inexpensive, healthy, easily available and ecological 
friendly pest control method for the small scale and resource 
poor farmers. 
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