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ABSTRACT 

 

Addressing the concern of stubble burning, the study conducted under this thesis envisages on 

recycling and reuse of Paddy Straw (PS) to assign a commercial utility to this under-utilized 

biomass. In this context, a multipronged strategy towards zero waste management of PS by 

developing value-added products (mushrooms, bioformulations (biopesticides/biofertilizers), 

nanosilica, and enzymes) was attempted. 

   Valorization of PS using various de-oiled cakes (DEOCs), depicted that supplementation of 

5% soybean cake (SC) gave maximum yield of 1014 g kg-1 P. ostreatus fruiting bodies, 

furnishing an increase of 18.14 % over PS control. Principal component analysis (PCA) 

performed by analysing the correlation amongst nutritional parameters depicted a total variation 

of 78.2%. Energy Dispersive X-Ray (EDX) analysis indicated significant increase of minerals in 

the fruiting bodies and high content of silica (19-20%) in the spent. The cultivation of                               

T. asperellum on spent divulged the fact that the fungal growth was comparatively high in spent 

(14.73*1011) over raw PS (4.2*103). T. asperellum grown on spent showed 66.26% inhibition of 

Fusarium oxysporum compared to the non-supplemented PS spent (54.26%).  

   In the next part, the Spent Mushroom Substrate (SMS) of P. ostreatus was utilized for the 

development of microbial bioformulations, for plant nutrient and disease management in wilt  

(F. oxysporum) susceptible tomato plant F1 Hybrid King 180. SMS (PS+5% SC) supported the 

growth of T. asperellum (TA) to an extent of 12.37x1013 conidia/g substrate. GC-MS analysis of 

SMS detected several bioactive metabolites known for plant health management. 

Bioformulations were developed employing Press Mud (PM) and Talcum Powder (TP) as carrier 

materials. Among the different bioformulations tested in pots study; SMS (PS+5% SC) SiTAPM, 

collectively named as TF-I, provided improved levels of morpho-biochemical and nutritional 

parameters, A significant (p<0.05) reduction in the Disease Severity Index (84.34% to 21.23%), 

was also observed over the pathogen affected plant. The fruits and leaves garnered under TF-I 

displayed Total Polyphenol Content (TPC) of 74.5 and 126.9 mg/g gallic acid, respectively, with 

83.73% DPPH and 72.25% FRAP activity, indicating the elicitation of antioxidant properties. 

EDX analyses showed 21.53% Silica (Si) in SMS, and plant mapping investigation indicated a 

substantial accumulation of Si, which is well conceded to promote growth, disease resistance, 

and antioxidant parameters. The developed bioformulation was delivered to farmers in villages 

of Uttar Pradesh and a survey study was conducted, which delivered positive outcomes and keen 

interest towards the implementation of the technology. 
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 An in-silico approach was also employed to assess the prospective role of bioactives of 

Trichoderma spp. in combating the Fusarium wilt causing enzymes Polygalacturonase (PG2) 

and tomatinase. The findings of the study revealed that Trichodermamide B produced by T. 

harzianum and Viridin, Virone, and Trichosetin produced by T. virens emerged as the potential 

inhibitors of the phytopathogen’s enzymes. MD simulations and MMPBSA confirmed the 

structural rigidity and stability of the docked complex. 

     The silica rich straw was further explored for the synthesis of nanosilica (SiNPs) employing 

the sol-gel method, via integrating the aqueous extract of Sapindus mukorossi as surfactant. EDS 

and FTIR spectra confirmed the predominant peaks of Si and O. FE-SEM confirmed the spheroid 

morphology of SiNPs with an average particle size of   20.34 ± 2.64 nm as determined by TEM. 

DLS studies revealed the stability of SiNPs with zeta potential of -14.37 mV and PDI of 0.198, 

implying its monodispersed nature. BET surface area of SiNPs was recorded as 746.32 m2/g with 

a cumulative pore volume of 2.059 cm3/g. The employment of SiNPs as a carrier material for 

clove oil (CO), depicted 62.64% encapsulation of CO in SiNPs under UV analysis.                               

The antifungal efficacy of CO-SiNPs against F. oxysporum exhibited minimum inhibitory 

concentration (MIC) of 125 mg/L. The application of SiNPs in photocatalytic degradation of 

methylene blue reflected that 66.26 % of the dye was degraded in the first 10 mins, and the 

degradation reflected a first-order kinetics with a half-life of 6.79 mins.  

     In another objective of this study, PS was explored for lignocellulolytic enzymes under Solid 

State Fermentation by Trichoderma spp. Response Surface Methodology (RSM) optimization of 

PS in combination with de-oiled neem cake (NC) depicted that PS:NC in 8:3 ratio, provided 

maximum xylanase activity of 693.56 U/g on the 5th day, with cellulase and laccase activity of 

126 U/g and 28.12 U/g, respectively. OHR-LCMS study of the partially purified enzyme 

revealed the presence of β-xylanase and α-L-arabinofuranosidase. Enzymatic saccharification of 

various substrates enhanced the release of reducing sugars demonstrating its applicability in the 

biofuel domain. LC-MS, ICMPS, and EDX profiling of the residual spent unravelled the 

manifestation of bioactives, minerals, and silica, playing an essential role as biopesticide and 

biofertilizer. Life Cycle Assessment (LCA) for the SSF process, depicted adverse impacts due 

to electricity consumption (92.84%) and use of ammonium sulphate salt (6.17%). Nonetheless, 

employing renewable energy and reducing salt consumption could help minimize these impacts. 

The findings of the study asserted that PS can be substantially utilized for the development of 

value-added products. The study also promises new ventures for development of PS based small 

scale industries, as a source of revenue generation. 

        



‘’kks/k dk lkj 

ijkyh tykus dh leL;k dks lEcfU/kr bl 'kks/k ds rgr fd;s x;s v/;;u esas /kku ds iqvky 

¼ih,l½ ds iqupZdz.k vkSj iqu%mi;ksx dh ifjdYiuk dh xbZ gS rkfd bl de mi;ksx okys 

ck;ksekl dks O;kolkf;d mi;ksfxrk iznku dh tk ldsaA bl lanHkZ esa ewY;of/kZr mRiknuksa tSls 

e’k:e] ck;ksQkeqZys’ku] tSo dhVuk’kd @ tSo moZjd] uSuksflfydk vkSj ,atkbe fodflr djds 

/kku ds iqvky ds 'kwU; vif’k"V izca/ku dh fn’kk esa ,d cgqvk;keh j.kuhfr dk iz;kl fd;k 

x;k gSA 

 

fofHkUu Mh&vk;YM dsd dk mi;ksx djrs gq, /kku ds iqvky dk oSyksjkbts’ku n’kkZrk gS fd 5% 

lks;kchu dsd (;llh ) ds iwjd us 1014 xzke fdxzk -1] ih- vksLVªhVl QzwfVax ckMh dh vf/kdre 

mit nh vkSj /kku ds iqvky fu;a=.k ij 15-14% dh o`f) ntZ dhA izeq[k ?kVd vkSj iks"k.k 

lacU/kh ekinaMks ds chp lglacU/k dk fo’ys"k.k 78-2% dh dqy fHkUurk n’kkZrk gSA ,uthZ 

fMLiflZo ,Dl&js ¼bZmh,Dl½ fo’ys"k.k us QzwfVax ckMht esa [kfutksa dh egRoiw.kZ o`f) vkSj [kpZ esa 

flfydk dh mPp lkexzh (19-20%) dk ladsr fn;kA LisaV ij Vh- ,Lisjsye dh [ksrh us bl 

rF; dks mtkxj fd;k fd vifj"d`r ih,l (14.73*1011)  dh rqyuk esa LisaV ih,l (4.2*103) esa 

QQwan o`f) rqyukRed :i ls vf/kd FkhA [kpZ ij mxk, x;s Vh0,Lisjsye us xSj&iwjd ih,l 

[kpZ (54.26%) dh rqyuk esa QqlSfj;e vkDlhLiksje dk 66.26% vojks/k fn[kk;kA 

 

'kks/k ds vxys Hkkx esa] ih- vksLVªhVl ds LisaV e’k:e lcLVªsV (,l,e,l) dk mi;ksx 

ekbdzksfc;y ck;ksQkeqZys’ku ds fodkl ds fy, fd;k x;k gSA ikS/ks ds iks"kd rRo vkSj foYV          

¼,Q- vkDlhLiksje½ es jksx izca/ku ds fy, vfrlaosnu’khy VekVj dk ikS/kk ,Q&1 gkbfczM fdax 

180 ,l,e,l ¼ih,l$5% ,llh½ us 12.37x1013 dksuhfM;k/xzke lClVªsV dh lhek rd   

Vh ,lisjsye (Vh,) dh o`f) dk leFkZu fd;kA ,l,e,l ds thlh&,e,l fo’ys"k.k us ikS/kksa ds 

LokLF; izca/ku okys dbZ ck;ks,fDVo esVkcksykbV~l dk irk yxk;kA okgd lkexzh ds :i esa izsl 

eM vkSj VSYde ikmMj dk mi;ksx djds ck;ksQkeZqys’ku fodflr fd, x, FksA crZuksa esa ijh{k.k 

fd, x, fofHkUu tSo&lw=ksa ds chp v/;;u, SMS (PS+5% SC) SiTAPM,,l,e,l (ih,l +5% 

;llh) SiTAPM ftls lkewfgd :i ls VhQ&I uke fn;k x;k gS] ekQksZ&ck;ksdsfedy vkSj 
iks"k.k lacU/kh ekinaMksa dk csgrj Lrj iznku djrk gSSSA jksxtud izHkkfor ikS/ks ij jksx xaHkhjrk 

lwpdkad (84.34% to 21.23%) esa ,d egRoiw.kZ (p<0.05) deh ns[kk x;kA VhQ&I ds rgr 
izkIr Qyksa vkSj ifRr;ksa us 83.73% (Mhihih,p) vkSj 72.25%  (,Q vkj , ih) xfrfof/k ds lkFk 

VksVy ikyhQsuksy lkexzh (Vhiklh)  dze’k% 74-5 vkSj 126.9 feyh / xzk0 xSfyd ,flM iznf’kZr 

dh] tks ,aVhvkfDlMsaV xq.kksa dh izkfIr dk ladsr nsrh gSA bZMh,Dl fo’ys"k.k us ,l,e,l esa 

21.53% flfydk ¼lh½ fn[kk;k] vkSj IykaV eSfiax tkap us lh ds i;kZIr lap; dk ladsr fn;k] 

tks fodkl] jksx izfrjks/k vkSj ,aVhvkDlhMsaV iSjkehVj dks c<+kok nsus ds fy, vPNh rjg ls ekuk 

tkrk gSA mRrj izns’k ds xkaoksa esa fodflr ck;ksQkewZys’ku fdlkuksa rd igqapk;k x;k vkSj ,d 



losZ{k.k v/;;u fd;k x;k] ftlds ldkjkRed ifj.kke feys vkSj izkS|ksfxdh ds dk;kZUo;u esa 

xgjh fnypLih fn[kkbZ nhA 

¶;wtsfj;e foYV ds dkj.k gksus okys ,atkbe ikyhxSysDVqjkstst ¼ihth2½ vkSj VkseSfVust dk 

eqdkcyk djus esa VªkbdksMekZ ,lihih dh ck;ks,fDVOl dh laHkkfor Hkwfedk dk vkadyu djus ds 

fy, ,d bu&flfydks n`f"Vdks.k Hkh fu;ksftr fd;k x;k FkkA v/;;u ds fu"d"kksZ ls irk pyk 

gS fd Vh- gkftZ;kue vkSj fofjfMu] fojksu vkSj Vh- ohjsUl }kjk mRikfnr VªkbdksMekZekbM ch 

QkbVksiSFkstsu ds ,atkbeksa ds laHkkfor vojks/kd ds :i esa mHkjk gSA ,eMh fleqys’ku vkSj   

,e,eihch;l us MkDM fd, x, dkEiysDl dh lajpukRed dBksjrk vkSj fLFkjrk dh iqf"V dhA 

uSuksflfydk (SiNPs) ds la’ys"k.k ds fy, flfydk le`) iqvky dk irk yxk;k x;k Fkk] tks 

lfiaMl eqdksjkslh ds tyh; vdZ dks lQsZDVsaV ds :i esa ,dhd`r djds lksy&tsy fof/k dks 

fu;ksftr djrk gSA EDS vkSj STIR LisDVªk us Si vkSj O dh izeq[k pksfV;ksa dh iqf"V dhA FE-

SEM us 20-34 ± 2-64 ,u,e ds vkSlr d.k vkdkj ds lkFk ds SiNPs xksykdkj vkd`fr 

foKku dh iqf"V dh] tSlk fd TEM }kjk fu/kkZfjr fd;k x;k gSA Mh,y,l v/;;uksa us          

&14-37 ,eoh dh thVk {kerk vkSj 0-198 ds ihMhvkbZ ds lkFk ,lvkbZ,uih dh fLfkjrk dk 

[kqyklk fd;k] tks bldh eksuksfMLiLMZ izd`fr dks n’kkZrk gSA SiNPs dk chbZVh lrg {ks= 2-059 

lseh0@th dh lap;h rkduk ek=k ds lkFk 746-32 ,e2@th ds :i esa ntZ fd;k x;k Fkk 

ykSax ds rsy ¼CO½ ds fy, okgu lkexzh ds :i esa  SiNPs dk jkstxkj] UV fo’ys"k.k ds rgr 

esa SiNPs dk CO ds 62.64% ,udSIlqys’ku dks n’kkZrk gSA ,Q vkDlhLiksje ds f[kykQ              

CO- SiNPs dh ,aVhQaxy izHkkodkfjrk us 125 mg/L dh U;wure fujks/kkRed lkanzrk ¼MIC½ 

iznf’kZr dhA esfFkyhu Cyw ds QksVksdSVfyfVd fMxzsMs’ku esa SiNPs ds vuqiz;ksx ls ifjyf{kr gksrk 

gS fd igys 10 feuV esa MkbZ dk 66.26 % vodzfer gks x;k Fkk] vkSj fxjkoV 6-79 feuV 

ds vk/ks thou ds lkFk igys dze ds dSusVhDl dks n’kkZrk gSA  

bl v/;;u ds ,d vU; mn~ns’; esa] VªkbdksMekZ ,lihih0 }kjk Bksl voLFkk fd.ou ds rgr 

fyXykslsY;qyksfyfVd ,atkbeksa ds fy, ih,l dh [kkst dh xbZA fjLikal ljQsl esFkMksykth 

¼RSM½ vkfIVkbts’ku vkQ PS budkfEcus’ku foFk Mh&vk;YM uhe dsd ¼NC½ n’kkZrk gS fd 

PS:NC 8%3 vuqikr esa] lsY;wysl vkSj ySdsl ,fDVfoVh ds lkFk 5osa fnu 693-56 U/g        

dh vf/kdre xylanase xfrfof/k iznku djrk gSA dze’k% 126;w@th vkSj 28-12 ;w@th       

vkaf’kd :i ls 'kq) fd, x, ,atkbe ds OHR-LCMS v/;;u ls β-xylanase vkSj                     

α-L-arabinofuranosidase dh mifLFkfr dk irk pykA fofHkUu lClVªsV~l ds ,atkbeSfVd 

lSfdzfQds’ku us tSo bZ/ku Mksesu esa bldh iz;ksT;rk dks iznf’kZr djus okyh 'kdZjk dks de 

djus dh fjgkb dks c<+k;kA LC-MS,ICMPS, vkSj EDX [kpZ fd, x, vof’k"V dh :ijs[kk us 

ck;ks,fDVOl] [kfutksa vkSj flfydk dh vfHkO;fDr dks mtkxj fd;k] tks tSo dhVuk’kd vkSj tSo 

moZjd ds :i esa ,d vko’;d Hkwfedk fuHkkrs gSA ,l,l,Q izfdz;k ds fy, thou pdz 

vkdyu ¼,ylh,½] fctyh dh [kir (92.84%) vkSj veksfu;e lYQsV ued (6.17%) ds 



mi;ksx ds dkj.k izfrdwy izHkko n’kkZrk gSA cgjgky] v{k; ÅtkZ dks jkstxkj vkSj ued dh 

[kir dks de djus ls mu izHkkoksa dks de djus esa enn fey ldrh gSA 

 

v/;;u ds fu"d"kksZ ;g nkok fd;k gS fd ewY;of/kZr mRiknksa ds fodkl ds fy, ih,l dk dkQh 

gn rd mi;ksx fd;k tk ldrk gSA v/;;u jktLo l`tu ds Lkzksrksa ds :i esa ih,l vk/kkfjr 

y?kq m|ksxks ds fodkl ds fy, u, m|ksxks dk oknk Hkh djrk gSA 
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