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1. Introduction – Lignocellulosic biomass is one of the most abundantly available form of 
biomass on earth. This biomass is generally considered as waste and is processed or discarded 
either by burning or compositing. One such type of a biomass, pine 
needles are considered as a nasty waste in northern plains of India. 
Over 1.3 million tonnes of pine needles are shed annually. Due to 
their low ignition temperature and susceptibility to catch fire they 
contribute to devastating forest fires in North Indian states like 
Himachal Pradesh and Uttarakhand (Kala & Subbarao 2018). Fires 
annually caused due to litter fall contributes to great loss of both 
human and property, also a great economic loss is suffered because 
of post disaster reclamation and recovery. Also, due to the presence 
of the waxy coating of terpenes on the needle surface, it is highly unsuitable raw substrate for 
compositing or to be fed as fodder to ruminants. Cases of still births, abortion and termination 
of pregnancy is reported and studied when fodder mixed with pine needle was fed to female 
ruminants and cattle (Gartner et al., 2019). Paddy straw is also one of the most problematic 
post harvesting waste of rice grain in states of India and over 112 million tonnes of this waste 
is generated annually. The left over straw is left out in farms and set to fire by the farmers. 
High silica content in straw makes it unsuitable for compost and cattle feed. Also burning of 
straw causes particulate pollution, thus causing shortness of breath and eye irritation in all age 
groups. Straw burning increases the PM2.5 and PM10 levels in air and the particulate mixes with 
fog and forms ‘smog’ during winter months which significantly decreases the visibility.  

 

 

2. Experimental - Potential lignin degrading strains were studied and identified during the 
experimental study. Among the 5 studied strains (Phanerochaete chryosporium, Paecilomyecis 
variotti, Paecilomyecis lilacinus,  Pleurotus ostreatus and Trichoderma ressei), Phanerochaete 
chryosporium, a white rot fungi showed the best lignin degradation potential for the two 
substrates (pine straw and paddy straw). The substrates were initially pre-treated with 
different chemicals such as Ca(OH)2, Mg(OH)2 for alkali treatment, HNO3 for acidic treatment 
and H2O2 for peroxide treatment. All the chemical treatments considerably degraded the lignin 
content. The treated substrate was then inoculated with P. chrysporium. After 21 days, 44.56% 
of degradation was observed for the combination set of paddy straw and pine straw (ratio 1:1), 
35.22% in pine straw and 45.44% in paddy straw for Mg(OH)2 treated substrate. The results 
were further verified by performing the enzyme assays and observing the enzyme activities of 
lignin degrading enzymes such as Lignin peroxidase (LiP), Manganese peroxidase (MnP) and 
Laccase from 0 day to 23rd day. Best laccase production was observed between 12th day to 14th 
day, best MnP production was observed between 4th day to 8th day and highest LiP production 
between 7th day to 13th day. Along with this,  

 

 

 
 

Image 1Solid State fermentation of  

P. ostreatus on paddy and pine straw 
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3. Results and Discussion - Pleurotus ostreatus showed 44.11% of lignin degradation after 21 
days on combination substrate and Trichoderma ressei showed 42.55% of lignin degradation 
after 21 days. 

 

 

4. Conclusions - The study offers a novel approach for using paddy straw in combination with 
pine straw, as two nasty biomass waste can be treated and processed together. The approach 
is holistic and sustainable towards environment as the lignin degradation is successfully 
achieved in small span of time by using suitable fungal strains, which provides a greener and 
sustainable approach for reducing the lignin percentage in the substrate. After efficient lignin 
degradation, the substrate can also be pulped to make paper based products. 
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