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ABSTRACT

This study investigates the potential of an unexplored agricultural biomass waste, i.e.,
pigeon pea stalk produced in tremendous amounts during harvesting of pigeon pea.
Another biomass waste, bamboo biomass, was subjected to pyrolysis at different
temperatures (400 °C,500 °C and 600°C) at a pyrolysis time of 1 h. The bamboo and
pigeon pea stalks were characterized, and their resulting biochar samples (proximate,
ultimate, SEM, BET, FTIR and XRD). More mass fraction of lignin in the bamboo
biomass yields more biochar (32.20-27.00%) compared to pigeon pea stalk biomass
(29.80-21.70%) at the same pyrolysis temperature. The mass fraction of biochar
samples' fixed carbon was observed to be 81.85-85.68%, much higher than the biomass.
The mass fraction of carbon in the derived biochar samples was in the range of 76.17—
88.43%. Biochar samples with low atomic ratios of H/C (0.03-0.06) and O/C (0.04—
0.21) confirmed their highly carbonized, aromatized and hydrophobic nature. The BET
surface area and total pore volume of biochar samples ranged from 16.90 to 307.10
m?/g and (0.057-0.18 cm?®/g, respectively; biochar with the higher surface area was
obtained at a pyrolysis temperature of 600 °C. At the same pyrolysis temperature,
bamboo-derived biochar samples had a higher total pore volume (0.057-0.18 cm®/g)
than pigeon pea stalk-derived biochar samples. The alkalinity of all biochar samples
increased in tandem with the pyrolysis temperature, along with the removal of acidic
and polar functional groups. In biochar derived at the temperature of 500 °C and 600
°C, simultaneous loss of crystalline cellulose along with an increase in aromatization

and formation of more turbostratic carbon structure were observed.

A batch study of the effect of biochar at different doses (0.5, 0.75 and 1.00 g/g TS of

substrates) was investigated on the biogas and methane production on co-digestion of



kitchen waste and cattle dung. The digestion experiment was conducted at a
mesophilic temperature of 3542 °C for an HRT 0f 40 days in a temperature-controlled
room at TS of 5%. During the study, it was observed that biochar added at a lower
dose of 0.5 g/g TS of substrate enhanced the biogas and methane production compared
to control and other biochar doses (0.75 and 1.00 g/g TS of substrates) and surface
area (PPS600, BB500 and BB600) added digesters. From this study, it was observed
that biochar with lower surface area (PPS500 and BB500) produced higher biogas
(6.29% and 20.78%) and methane (20.38% and 35.55%) than the control digester. The
nutrient content of raw and digested slurry in biochar added digesters was significantly
(0<0.05) higher than in the control digester. In contrast, the heavy metal content of
raw and digested slurry was significantly reduced (0<0.05). The H2S and CO; yield
was reduced by 80.70% - 85.33% and 7.22% - 56.54%, respectively, in biochar added
digesters compared to the control digester, which enhanced the quality of produced
biogas by in-situ upgradation. The field study was conducted in a 300 L volume
digester with PPS500 biochar at a dose of 0.5 g/g TS of substrates at 5% TS. The
biogas and methane yields were enhanced by 13.21% and 21% in biochar added
digester compared to the control digester. Even though the field study was affected by
unforeseen climatic conditions, the biochar added digesters maintained the optimum
pH conditions (7.02 to 7.36) required for biogas production. In contrast, the pH in the

control digester remained in the range of 6.05 to 6.67.

The outcomes of the interactive effect of biochar and elevated CO2 concentration (CO>
concentration of 650+10 ppm) on the crop growth parameters showed that except for
root length, the leaf area, dry shoot biomass and total biomass yield under elevated
CO2 conditions were significantly increased (0<0.05) compared to the control

condition at the same biochar dose. However, the effect was more pronounced at a



higher biochar dose of 10 t/ha and 15 t/ha compared to the control plot (without
biochar addition) under control and elevated CO> conditions. The marketable yield
and total biomass yield of spinach were significantly increased (¢<0.05) by 212.11%
to 475.72% and 207.74% to 446.26%, respectively, in the elevated CO, condition
compared to the control condition. The nutrient content of spinach was significantly
increased (0<0.05) under elevated CO conditions compared to the control conditions
except for Mn. The nutrient and heavy metals content like Cu, Ni, Pb and Cd content
of the soil was significantly reduced (0<0.05) in elevated CO- treatments compared
to the control conditions after harvesting, indicating increased uptake of nutrients by
plants under elevated CO- treatment. The soil bulk density and particle density
reduced significantly with the application of biochar, whereas the porosity and water
holding capacity significantly increased (a<0.05) with the application of biochar
compared to control soil. The pH and EC of the soil significantly increased (a<0.05)
with the increase in biochar doses under both control and elevated CO> conditions.
The higher EC and lower pH of soil under elevated CO, conditions indicated more
availability of soil nutrients compared to soil nutrient content under control

conditions.

Thus, the threatening impact of unsustainable management of agricultural biomass
wastes can be arrested by biochar production. This biochar can be used at a suitable
dose as a supplement to restrain various inhibitory effects during the anaerobic
digestion of highly degradable organic wastes such as kitchen waste and cattle dung.
The improved biogas quality with higher methane content can be used as cooking as
well as transportation fuel as a green energy. The higher nutrient content of digestate
obtained from biochar added digesters can be used in agricultural field as a

replacement of chemical fertilizers. This restore the degraded soil health, depleted soil

vi



nutrients and microbial activity that is resulted from huge amount of chemical
fertilizer application. Biochar also retards the greenhouse gas emission and nutrient
leaching from the soil by sequestering carbon and enhanced adsorption of nutrients on
its surface. Biochar application increases the soil nutrient content hence reducing the
need of chemical fertilizer application and restrain its entrance into the food chain.
Biochar, along with elevated CO>, can be used to produce nutrient-rich crops with
higher biomass yield to resolve the issue of nutrient-deficient food and many human

diseases.

This study provides a gateway for the use of pigeon pea stalk biochar in various
adsorption studies such as removal of various pollutants from soil and water, use of
biochar along with elevated CO> on other crops in different soil conditions. The
potential of pigeon pea stalk biochar on anaerobic digestion of different substrates at
different operation conditions can be explored. The biochar added biogas digestate
can be used in agricultural field to study its long-term effect on soil physicochemical

properties, soil nutrients as well as crop yield.
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g 31T U 3FGU HIY TN BTk B UG DI Sl HRl &, A 3RER DI
FHels & SR ol HET § I 3R BT €3d| Th 3R IOHN 3ufRiy a1y
TN | 5 & URRIFRT g9 IR fafte uraRifeRg g\ (400 °C, 500 °C 3R
600 °C) TR URRIfIRIT & 31T oT| 919 3R 3REY & Sod oI faxvar ff, Iqry &t
3% R SRR T (Feead, sifdd, Tused, disdl, THAlsEsR 3R
TRISREl | 919 S ¥ s o1 sifde goudM iR ga = arRifelRsg argar
TR 3REX b S3d TRIERT (29.80-21.70%) PI ga- H 3% IR (32.20—
27.00%) AT BT & | TR TAI & fRR BT BT GoTH 3 81.85-85.68%
D1 AT H U T, SN o I B o H dgd 3MfYd ol g SRER TG
T PHIe DT GHA 3 76.17-88.43% DI T H UTI TR (0.03-0.06) 3R 3/t
(0.04-0.21) & 5 TRATY] UG dTel IR T A 39 ARG BlEHcs,
R 3R TS ShIa® UHfd HI g &1 | di5c! g & SR SRR T &1 $d
5% AT 16.90 T 307.10 TH 2 / Sft 3R (0.057-0.18 THY 3/ Sft, HH: I=7 Jdg &
& Y TR 600 °C & URRITIRY daqM W U &1 g o1 39 IRRifafs
dIHH R | 3RER & T3 W U SRR 9] &1 Ja-1 H 919 e IR T4
3 $d &% AT (0.057-0.18 JH 3/5M) U1 AT R YA BRAHD THg! Bl
g & AIY-I1Y IR dIAH & 91y 9+ SRR 9901 & &Riadl | 9ia
831 500 °C 3R 600 °C & AIHN W U TR H, fheda Iqard & U Iq1
BT & Y-y i 7 gis 3R 31 caRefes dre- TRa-T &1 6 ol T4
5% TS TR ¥SHCT & 0.5 g/g TS 1 GRTd TR PPS500 SRR o H1Y 300 L dlegH
ST3oie H Wice LT fohdl T UT| dheld Soiex &I go-l H daR Tes
STEore’ H I SR Y9 &1 UGIaR & 13.21% 3R 21% &1 gfa g8 Ha & &=
AT $© SUATRI STctarg GRIRUTT I THIfad o1, TR Siel Sigoiex it
ff S IadTeH & e STaxad sya Uied fRufer (7.02 ¥ 7.36) BT ST @l
8, Tafeh a0 ST3oiex § UITd 6.05 T 6.67 Bt ST H &1 31T AT

U gl ATIGS! TR SRR 3R I CO, FigaT (650 + 10 THTH Bt CO, Figan)
& 3id:fpuTedHs THIa & URUTH T Udl Idl fh 9IS &t a8 & Bledr, I& CO,
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fRufl & T8d TRl &3, T YC TN SR $of SRTHN SUST H§ HIh! gig g3 At
((0<0.05) U B! TR WIS WR G301 St f[Ryfct 1 ga 51 gTaifes, Fa=0 3R
Idd co2 UGl & dgd A wile (@R e & fadn) &t ga-1 § 10 &/
IR 3R 15 T / FICW DI 3o IR JRISH TR YHTF 3% Ty 7| =01 ot
fuf Y ga1 # 3I9d co, T & urae & fauuE avg IuS iR o SN
3TS! B ST 0 ¥ 212.11% & 475.72% 31 207.74% H 446.26% BI IS §s
(0<0.05) | Mn I Bledx =01 fRufadt &1 ga-1 § 39d co, R¥Ufd & dgd urds
DI U IR H H1%1 gf 88 AT (0<0.05) | T I 3R HRT 4Tq3T &1 AT oI
Cu, Ni, Pb 3R cd figl &1 Ireft &1 I9d O, IUTARI & HTH! HH HR fear mr U
(0<0.05) TCT3 o TG [4=101 Bt fUT &1 ga1 H obd il & i I9d co, ST=R
& dgd WYl gRT IV ddl &1 g 85 o ol AP °-d, HUI g9 TIER &
3T & 1Y BT} HH g T T YT 3R ST URUT & H 1! IS g8
(0<0.05) T FHEt & gaT § IER & 3ffde- & ary | figt & divg Sik S5t
HIP! gfa 83 (¢<0.05) FE0T 3R Id co, RUfadl & T8d TR R H gia
& Y| 3= CO, RUfT & Tgd firgt o1 3= EC 3R e ph i) & dives dcdl b
I H Y & U el 1 3ifiieh Suaisar ) R fRufg # gxifar 21

Y UPR, PN THAN HaR & Jdd Y6 & JaRATD YU DI dHR IdIGH
GRT AH] ol TohdT 81 39 THRR B T IUgad RIS W R & &7 H Iug
T ST T § difeh Safties Te- Ty Sifdd R oI foh TS & e 3R T
& MR & SHATIA U & R A RIS THTE BT AT S I | TR
& ATY-ATY FFd CO, BT SUINT YIS dcdl i B arel HIoH R &3 A A b
Te, 1 8 DR o [0 I SN TS o T1Y WD dcd] F HRR HaId bl 3G
B & g fpar S g 21

g ey il TRe dTdd gl § 3REX & S6d & IR & IYANT o forg
TS YA gR U &l g oY b gt iR it ¥ fafid ugues! ! germ, fafta
o) ot FRUTCrI & 3= Tl IR 39d CO2 o 1Y IR &1 3G | fafirs vrareH
giRfRUfaal O fafis Javdey & Sardi e IR 3ReR & S6d SR & &Hd]
1 U1 T S Gebdll § | SRR SNST ST SIgoRee BT JudNT it 85 3 firgh




& Wifde IEHS TN, St & ve ddl & TY-T1Y BOd & 309 R 39D
Srefep1feres UHT BT 3eqT B & forg fpar o1 Ishdr g |
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