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ABSTRACT

The study evaluated the viability of purified waste gas called bio-CO; (CO2>98%, CHs
< 2.0%, v/v), which is a byproduct of compressed biogas (CBG) plant, as a new
controlled atmosphere for wheat grain storage. The findings were compared with the
use of pure CO2 on mortality of Rhyzopertha dominica adults, seed germination, and
nutritional quality of wheat grain for two- and six-months storage periods. Fifteen
tapered plastic bottles of 1 L storage volume were taken for grain storage in the
preliminary study at 28+2°C. Insect mortality of 100% was found in 1, 3, and 5 days
using bio-CO2 and 4, 6, and 8 days with pure CO2 at 80, 60, and 40% concentration.
The outcome shows that the use of bio-CO:2 has better pest control efficacy. The seed
germination was significantly affected at 80% CO> level using both the controlled
atmospheres for grain stored for six months. The major nutrient contents were not
affected significantly (p>0.05) under bio-CO> and pure CO. fumigation. Carbohydrate
content was significantly reduced (p<0.05), while protein content was increased in

control and control-1.

Based on the preliminary study, fifteen grain bins of 10 kg wheat storage capacity were
designed and subjected for the field study for two- and six-month storage period. The
uniform distribution of the bio-CO> in the grain bin remained challenging and was
found to be varying by 0.2-0.8 percentage point from top to bottom of the bin. No grain
loss was reported in two- and six-months storage under bio-CO; fumigation at 80, 60,
and 40% CO> concentration. However, the mean seed germination was significantly
affected at 80% bio-CO: level. Results similar to preliminary study concerning major

nutritional contents were found for the 10 kg wheat storage study.



The storage of grain under bio-CO, fumigation was economical for 5 tonnes grain

storage capacity compared to control-1.

The research also investigated cultivation of two leafy vegetables, i.e., spinach (variety-
All Green) and fenugreek (variety-PEB) at the elevated condition of bio-CO:
(atmospheric bio-CO- fertigation) at 650+50 ppm in a greenhouse. The parameters, i.e.,
crop yield, change in micro and macronutrient contents, leaf chlorophyll content, plant
nutrient uptake and heavy metal transition from the soil, were measured and compared
with the control. The elevated atmospheric bio-CO> suppressed the heavy metal (Pb,
Cd, Se, Mo, Cu) concentration in the edible portion of both the leafy vegetables. The
freshly harvested biomass and dry matter accumulation of both the vegetables were
significantly increased under bio-CO- fertigation in comparison to control. The total
biomass productivity was 54.31 tonnes/ha in spinach and 12.16 tonnes/ha in fenugreek
under bio-CO- fertigation. The respective total biomass productivity under control was
42.85 tonnes/ha in spinach and 7.36 tonnes/ha in fenugreek. The total biomass
productivity was increased by 11.46 tonnes/ha in spinach and 4.8 tonnes/ha in

fenugreek under bio-CO. fertigation compared to control.

The NPV, BCR, and PP of the greenhouse study in control and bio-CO- fertigation
were calculated at an average market price of INR 40/ kg of spinach and fenugreek.

The production cost of bio-CO; incorporated in the economic study was INR 11.1/ m®,

Thus, it is evident from the outcomes that instead of releasing the off-stream gas from
a CBG plant as waste into the atmosphere, it could be purified and utilized for grain
storage as a controlled atmosphere. It could also enhance crop production and thus

ensure food security.
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