Household production of biochar using diverse feedstock (World Agroforestry)

Sustainable Biochar Production Through Agroforestry Systems And Its Application

(NHpna)

OlMNCAHNE

Biochar is a carbon-rich, solid material derived from a wide range of biomass or
organic waste through a thermochemical method. It is an organic charcoal material
that is the final product of pyrolysis, or high-temperature burning of agricultural
biomass without oxygen. Surplus crop residues, agricultural waste, and wood from
sustainable sources are used as feedstock (raw material). Such biochar production is
linked with agroforestry plantation and agriculture to improve soil health and
ensuring sustainable feedstock availability.

Introduction and Background

Intensive cropping systems coupled with monocropping and high usa%e of synthetic fertilizers
have led to the degradation of soils and depletion of nutrients directly affecting agricultural
productivity and farmers' income. Farmers in the Balangir district of Odisha are facing similar
challenges. To address these issues and promote sustainable farming practices, a biochar
production initiative was introduced by utilizing crop residues and waste material from forests
to produce biochar, a carbon-rich material that enhances soil fertility and soil structure. The
initiative is a part of the Pro-Soil Project of Deutsche Gesellschaft fir Internationale
Zusammenarbeit (GIZ), India and implemented by the International Centre for Research in
Agroforestry (ICRAF). The technology (a kiln for biochar production) and technical inputs for
biochar production were sourced from the Indian Institute of Soil Science, Bhopal.

Biochar Is a type of charcoal produced from biomass like agricultural or forest waste or
organic materials through a process caIIedJ}yrolysis. The application of sustainable biochar
technology in agroforestry systems can lead to better soil structure, increased water
retention, reduced nutrient leaching, and improved crop yields. Moreover, it aids in mitigating
greenhouse gas emissions by locking carbon into soil for an extended period.

In the project region farmers used crop residues such as rice straw, wheat straw and residue
of other crops along with non-usable biomass from local forests, such as branches, twigs, and
leaves, to supplement the feedstock for the pyrolysis. Since the District has large forest areas,
the availability of forest waste is no problem. The biochar produced was applied into existing
crops fields as well as into agroforestry system. Aiming to promote agroforestry, the project
promoted the integration of trees (both fruits and timber) and shrubs into existing agricultural
practices. Agroforestry offers multiple benefits such as improved soil health, biodiversity, and
carbon sequestration. When sustainable biochar production is integrated into these systems,
it can create a sustainable cycle where agricultural waste is converted into biochar, which
then enhances soil fertility and sequesters carbon when added back into the soil.

The project has actively involved women farmers, entrepreneurial youth, and farmers' groups
in the collection, production and application process of biochar thus promoting community
participation and creating awareness about the benefits of biochar.

Implementation
The biochar kiln technology, obtained from the Indian Institute of Soil Science, in Bhopal, is
employed to convert biomass into biochar through Eyrolysis. This technology ensures efficient
and controlled production of high-quality biochar. The collected biomass undergoes a
controlled pyrolysis process inside the biochar kiln, where it is burned in the relative absence
of oxygen. Technical specialization during production includes kiln temperature control,
feedstock preparation, and the management of pyrolysis gases to ensure efficient biochar
Broduction. This results in the conversion of biomass into biochar, also leaving behind
ioenergy-rich gases. Quality control measures are implemented to ensure the production of
biochar with optimal characteristics, including high carbon content, porosity, and stability.
The Biochar kiln used was designed with the aim to optimize temperature control and ensure
efficient conversion of biomass. An efficient loading mechanism allows easy and controlled
feeding of biomass into the kiln. This ensures a consistent flow of material during the pyrolysis
process. Although local kilns are usually not equipped with temperature control mechanisms
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to regulate the pyrolysis temgoerature, the temperature in the kilns may alternatively be
regulated through the rate of feeding biomass into the kilns. Such kilns usually have some
safety features and proper ventilation so to prevent accidents.

To implement this technology the ICRAF conducted training sessions for farmers on the proper
preparation and application of biochar. The trainings were focused on the following aspects:
-The collection and drying process for agriculture and forest waste
-The management of operations for the biochar kiln including the loading of raw material
(feedstock) into the kiln, its burning, operation-timing, period check, volumes of raw material
to be fed etc.
-Precautions to be taken during the process
-The quality check of prepared biochar charcoal and the process for pulverizing it
-Dosage recommendations for different crops as per local conditions
-The mixing of biochar with cow dung and cow urine before apglication
Hnteﬁ:ation with existing farming practices and the long-term benefits of biochar on soil

ealt

Impact and Knowledge Transfer

The biochar acts as a soil conditioner, enhancing water retention, nutrient availability, and
microbial activity. The benefits and impacts on improved fertility, increased water retention,
and reduced nutrient leaching, lead to higher crop yields and resilience against climate
variability, carbon sequestration aids in reducing greenhouse gas emissions, contributing to
global efforts to combat climate change, and uti izinﬁagricultural residues reduces air
pollution from open burning and provides a sustainable solution for organic waste disposal.
Land users appreciated the enhanced soil productivity and environmental benefits brought by
biochar. Overall, the Sustainable Biochar Production Technology represents a promising
approach in sustainable agriculture and environmental stewardship.

The project team, in collaboration with local agricultural extension services and the Indian
Institute of Soil Science, monitored the impact of biochar application on soil health
parameters. This involved regular soil testing, crop yield assessments and feedback from

articipating farmers. In fact, they also measured the impact of biochar made from different
eedstock (raw materials). Success stories were shared with neighboring communities, public
stakeholders and researchers and encouraged the further adoption of sustainable soil
management practices.

The biochar production initiative in the Balangir District of Odisha in India demonstrates a
sustainable apﬁ)roach to addressing soil health issues using locally available resources.
Through the collaboration between ICRAF and GIZ, this project not only improves soil fertility
but also empowers local communities b% providing them with sustainable solutions for
agricultural challenges. The success of this intervention serves as a model for future

initiatives aimed at promoting environmentally friendly and community-driven approaches to
agriculture.

Biochar ready for application to soil (World Agroforestry)
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OcHoBHas uenb 3emnenosib30BaHue
NoBbILLEHVEe MPOV3BO/ACTBA KombrHMpoBaHHOe 3emienonb30oBaHmne B NpeAenax O4HOW 1 TOM xe
CHKEHVe UNK NpesoTBpaLLeHre gerpajaumm 3emens, 3eMe/IbHOM eAuHULbI: HeT
BOCCTaHOBJ/IEHME HapyLUEHHbIX 3eMefb
COXpaHeHue 3KOCHUCTEM MaxoTHble yrogbsi U n1IaHTaymun
3almTa bacceliHOB pek (MPVBOAOPa3AeNbHOM YacT/ HUXKHEro gz * OAHONEeTHVe KyNbTypbl: 3€PHOBbIE KYNbTYpEI - MPOCO,
TeyeHus) - B codeTaHuu ¢ 4pyrumu TexHonornsmm /&( 3epHOBbIE KYNbTYpPbl - PUC (CYXOAO0NbHbIA)
coxpaHeHwue/ NoBblLLeHVe bropa3Hoobpasus e /[lpeBecCHble 1 KyCTapHNKOBbIE Ky/IbTypbl: KOPMOBbIE
CHIDKEHMNEe pUcKa CTUXUIHBIX 6eCTBUNA Aepesbs (Calliandra, Leucaena leucocephala, Prosopis u
aganTtauma K U3SMEeHeHWo KnmaTta / 3KCTpeMasibHbIM MOroAHbIM T. A.), Apyrve GpyKTbl
ABNEHVAM U UX NOCNEACTBUSM Yucno ypoxaes 3a rog: 2
CMsATYeHMe NoCNeACTBUN U3MEeHeHNs KavmaTa MPUMEHSAIOTCS X MOCEBbI B MEXAYPAAbAX? [la
co3aHve 61aronpuATHbLIX IKOHOMUYECKMX YC0BUIA MpuMeHsieTcs v ceBoo6opoT? /la
co3faHne 61aronpUsTHbIX COLMANbHBIX YCI0BUIA N n
eca/ necnctasi MeCTHOCTb

» e (KBa3u-) MNpupoaHble neca/ necHble MacCuBbl.
YnpaBneHue: YaaneHune CyxoCTosi, XBOPOCTa; obpeska
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LUenb, cBi3aHHas c gerpagauueri semenb
npeaoTBpaLleHVe aerpazaunm 3emenb

CHWXeHVe Aerpajaumn 3emenb

BOCCTaHOB/EHMEe/ peabunmtaumsa HapyLleHHbIX 3emMenb
ajanTtaumusa K gerpagaumn 3emMenb
He NMPpUMeHNMO

KaTteropus Y31

e YiydlleHne NoYBeHHOro/ pacTuUTeIbHOro NOKPoOBa
e cbHop aTMOCPepHbIX OCaAKoB

e YnpaBneHve oTxoAamMu/ CTOYHbIMY BOAAMMU

2

CyYbeB
Tree types (CMeLUaHHbIe NUCTBEHHbIE / BeYHO3e1eHble): H/T
Mpoaykunn n ycnyru: [ipesecuHa, Aposa, Maogbl n opexn,
Bbinac/ owmnbiBaHne MONOALIX NOBEroB 1 INCTLEB
HaceneHHble NyHKTbI, NHGPACTPYKTYpa - XunuvujHas
3acTporika, Apyrve 34aHuvs

BoaocHabykeHue
6orapr|e 3eMnn

coyeTaHue 6ora PHBIX N OpOoLlaeMbIX 3eMeslb
MoJsiIHOE opoLlleHne

Tvin gerpagauum, Ha 60pb6y € KOTOPbLIM HanpaeeHa

S5 4
494

BOAHasl 3p03Ms MOYB - BOn: NoBepxHOCTHAs 3p03Ks/CMbIB
BEPXHUX MOYBEHHbIX FOPU3OHTOB

yxyaleHne ¢pusnyeckmx cBocTB nous - dn: cpaboTtka
OpraHnYeck1x ropu3oHTOB MOYB, OCejaHVie MOBEPXHOCTM

6ronornyeckas gerpagauus - 6o: ytpata bronorvyeckoi
cocTaBnstoLlen noys

MeponpwuaTtus Y31

ArpoHomMMnyeckmne MeponpusaTus - Al: PacTuTenbHbIi/
NMOYBEHHbIV MOKPOB, A2: OpraHnyeckoe BeLlecTBO/ MOYBEHHOe
nnogopogue, A3: NoBepxHocTHas 0bpaboTka Nous, A6:
YnpaBneHune octaTkamu

MeponpuaTusa ¢ NCNosib30BaHMEM PacTUTENIbHOCTM - P4:
3amelleHne Uan yaaneHune YyxeposaHblx/ NHBa3NBHbLIX BUAOB ,

P5: Apyrne

ynpaBneH4yecKkme MeponpusaTus - Y6: YrnpasieHne otxogamMmm
(nepepaboTka, BTOPMYHOE MCMO/b30BaHME, CHXEHMe
KONn4ecTBa OTXOAOB)

Apyrue meponpuaTtms - Climate resilient soil management by
application of biochar using varied feedstock (rwa material)
generated through agroforestry

TEXHUYECKUI PUCYHOK

TexHunyeckne XapaKTepucTtukun
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The single barrel biochar klin was developed by the Indian Institute of
Soil Sciences in Bhopal (1ISS). The Kiln had already been designed and

commercialised by the IISS. Land users can buy a metallic kiln unit
from the 1ISS or get it fabricated from local fabricators based on the

design specifications suggested in the drawing.

The flowchart provides a step by step guide for biochar production in

the project area by land users
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Author: Payal Dewangan

‘ Flow Chart for Biochar Production
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Pulverizer used
for pulverization
of Charcoal into

powder.

Author: Payal and Santosh

By-products not used currently
by the users

3AMYCK W TEKYLLIEE OBCNYXXWUBAHWE: MEPOMPUATNA, HEOEXOAWNMbIE PECYPCbI 1 SATPATHI

MopacueT BNOXEHWIA U 3aTpaT

Wocat SLM Technologies

Han6onee 3HaunMble GaKTopbI, BAUSAIOLLME HA CTOMMOCTb

3aTpar
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e TloACUMTaHHbIE 3aTPaTbl: HA TEXHONOMMYECKYHD e AVNHULY
(eanHunua: 200 L capacity volume, length: Litre)
e [leHeXHble eAVHNLbI, NCMONb30BaHHbIE A1 MoAcYeTa 3aTparT:

INR

e O6MeHHbIN kypc (k gonnapy CLLA): 1 USD = 80.0 INR

o CpeAHWIi pa3mep 4HEBHOMO 3apaboTka AN HAHATBIX PabOTHUKOB:

204 Rupees

MeponpuaTtusa, Heob6xoauMMble AN HAYana peanvsauum
1. Purchase of biochar kiln unit (Cpokn/ nosTopsiemocTb npoBegeHusi: Can be done any time during the year but need to be ready before the

month of September)

The investment towards the purchase of the kiln- and the pulveriser
unit. In the documented project, the investment costs were borne by
the project. Therefore, smallholder farmers may find it difficult to
purchase the hardware units of kiln and pulveriser, given such
investment costs.

2. Purchase of pulveriser (Cpoku/ nosTtopsiemocTb npoBegeHus: Need to be purchased once and before the start of biochar production)

CTOMMOCTb BJIOXKEHWIA 1 3aTpaT no 3anycky (per 200 L capacity)

O6Lwas
3aTpaThbl Ha o
CTOMMOCTb (% 3aTpaT, onJla4eHHbIX
OonuwuTe 3aTpaThbl EauHuua Konuuecrso eavHuLY
Ha egUHULY | 3emnenonb3oBaTeNnaMm
(INR)
(INR)
O6opyaoBaHue
Biochar Klin Rs. 1,0 7000,0 7000,0
Pulvariser unit Rs. 1,0 20000,0 20000,0
06Las cToMMocTb 3anycka TexHonornm 27'000.0
ObLuyme 3aTpatsl Ha co3jaHvie TexHosnorm B gosnapax CLLA 337.5

TekyLuee o6cny>KmBaHue

1. Collecting the crop residues and forest waste (Cpoku/ nosTtopsiemocTb npoBezeHus: Needs to be collected and dried before the start of
biochar production unit (September and june))
2. Preparation of Biochar (Cpoku/ nosTopsiemocTb npoBegeHus: Before the sowing of Rabi (winter) and Kharif (summer) seasons (Months of

September/October and June/july))

3. Application of biochar in the field (Cpokn/ noeTopsiemocTb nposegeHvs: During the cropping season)

CTOMMOCTb BJI0OXKEHUIA 1 3aTpaT no akcnayaTauuu (per 200 L capacity)

O6Lwas
3aTpaTthbl Ha
CTOMMOCTbL | % 3aTpaT, onJlayeHHbIX
onuwiuTe 3aTpaThl EpvHuua Konnuectso eAuHNLY
Ha eAVHULYY |3emnenonb3oBaTensMmn
(INR)
(INR)
Onnata Tpyaa
Preparation of biochar Person-day 2,0 200,0 400,0 100,0
Application of biochar in the field Person-day 1,0 200,0 200,0 100,0
Yp06peHus U A4,0XUMUKaTbI
Farmyard manure Rs. 20,0 5,0 100,0 100,0
Fertilizer Rs. 50,0 7.0 350,0 100,0
06LuasA CTOMMOCTb NogAep)kaHma TeXHoIorumn 1'050.0
ObLyme 3aTpatel Ha rogaepxaHve TexHonorm B goanapax CLUA 13.13

MPUPOAHBLIE YC/TOBA

CPEAHEFOAOBOG KOTn4yecTBo

ocagkoB
<250 mm
251-500 mm
501-750 mm
751-1000 mm

1001-1500 mm
1501-2000 mMm
2001-3000 mm
3001-4000 mm
> 4000 mm

CKNOH
nonorue (0-2%)
nokatble (3-5%)
rnokaTo-kpyTble (6-10%)
KpyTbie (11-15%)
o4eHb KpyTble (16-30%)
ype3BblyaliHo KpyTble (31-
60%)
06pbIBUCTBIE (>60%)

MoLHOCTbL NoYB
noBepxHocTHbIe (0-20 cm)

Herny6okue (21-50 cm)
ymepeHHo rny6okue (51-80
|Y)]

Wocat SLM Technologies

Arpoknumartunyeckas 30Ha
BN1aXHas

YMepeHHo-BaxHas
nonysacyLunumeas
3acywnvieas

dopmbl penbeda

naato/ paBHUHbI
rpe6HN xpebToB/X0NMOB
CKNOHBI Fop
CKJTOHbI XO/IMOB
MOAHOXbS

AHVLLA AONVH

IpaHynomeTpuryecknii coctas

(BepxHero ropusoHTa)
rpy6blii KpynHO3€e pHUCTbIA/
NErkuin (necyaHblin)

Sustainable Biochar Production Through Agroforestry Systems And Its...

[lononHuTenbHbIE XapaKTepUCTUKN KnnmaTa
CpegHerozoBoe KONMYeCTBO 0cajkos B Mm: 1288.0

HasBaHue meTeocTaHumm: Bhubaneshwar, Odisha

The District is located under the West Central Table Land Agro
Climatic Zone characterized by hot and sub-humid climate

BbicoTa Hag ypoBHeM Mops
0-100 M Hag ypoBHeM Mops

101-500 M H.y.Mm.
501-1000 M H.y.m.
1001-1500 M H.y.Mm.
1501-2000 M H.y.m.
2001-2500 M H.y.m.
2501-3000 M H.y.Mm.
3001-4000 M H.y.Mm.
>4 ThbIC. M H.Y.M.

MpaHy/fioMeTpurYyeckurii cocTaB

(Ha rny6uHe 6onee 20 cm)

rpy6bIii KpYyNHO3€ePHUCTbIA/

NErkuii (mecyaHblii)

TexHonorus nprMmeHsieTca B

B yC/10BUAX BbINYyKAOro

penbeda
B CUTyaLMsiX BOTHYTOro
penbeda

He 1MeeT 3HaYeHus

Co,qep>|<aH|/|e opraHun4yeckoro

BelwlectBa B BEpXHEM

NoYBEeHHOM FOPU30OHTE
BblCOKOe (> 3%)
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rny6okue (81-120 cm)
o4yeHb rybokue (> 120 cm)

YpoBeHb rPYHTOBbIX BOJ,
Ha NMoBepPXHOCTUN
<5wm

5-50 m
>50 ™

BupoBoe pasHoo6pasue
BblCOKOE

cpeaHss

HWM3Koe

cpegHve dpakumm
(CYrMMHUCTBIN, cynecyaHblii)

TOHKOAWCNEPCHBIV/ TAXENbIN
(FVHUCTbIN)

[0CTYyNHOCTb NOBEPXHOCTHbIX
BOJ,

N36bITOK
xopotuas

cpeAHas

HeZ0CTaTOuHbI/ OTCYTCTBYHOT

Pa3Hoo6pasue

MecTo06uTaHui

BblCOKOE
cpeaHss
HM3Koe

cpesHue dpakumn
(CYyrMMHVCTBIN, CynecyaHblii)

TOHKOAMNCNEPCHBIV/ TAXENbIN
(FMNHUCTBIN)

KauectBo BOAbI (6€3

06paboTkum)
nMTbeBas BOJa XOpoLlero
KavecTBa

nMTbEeBAasa BOAA NJI0OXOro
KayecTBa (HeobxoaMMa
0bpaboTka)
VCKNOUNTENBHO ANS
Ce/IbCKOX03AMCTBEHHOIO
MCMOb30BaHVA (OpoLLeHue)
HenpurogHasa Ana
1CNOJ/Ib30BaHUA

KayecTBO BOgbI OTHOCUTCS K:

O04HOBPEMEHHO rpyHTOBbIE 1

10BEPXHOCTHBIE BOAbI

cpeaHee (1-3%)
Huskoe (< 1%)

SIBNSIeTCA N CONEHOCTb BOAbI
npo6nemoii?

| A

Hert

MoBTOpsemMocTb 3aTOMIEeHUA
Ja
Het

XAPAKTEPUCTWKA 3EMJIEMONTb30OBATENEN, MPUMEHSHOLLMX TEXHO/IOTUHO

PbIHOYHas opueHTauums
HaTypa/ibHOE X0351CTBO
(camoobecneyeHne)
CMeLLaHHbIN (HaTypanbHbIl /
KOMMe pye CKUIi)
TOBapHoe/ pbIHOYHOE
XO351ACTBO

Océpnblii NN KOYEBOW
Océanbiin
MonykoueBori
KouyeBoii

Mnowaab, ncnonb3yemas
[A,OMOXO35ACTBOM
<0,5ra
0,5-1 ra
1-2ra
2-5ra
5-15ra
15-50 ra
50-100 ra
100-500 ra
500-1000 ra
1000-10000 ra
> 10000 ra

Aoxoabl 3 Apyrunx

NCTOYHUKOB

< 10% BCeXx J,0X040B
10-50% BCex AOX0A0B
> 50% BCex 40X0A0B

NHanBugyanbHoe nnm
KON/IEKTUBHOE XO3AACTBO
YyacTHoe/ foMOBNajeHVe
rpynna/ obwmHa
KoornepaTvs
MCNoMib3ytoLLee HaeMHbIX
paboTHMKOB (KOMMNaHWs,
rocyf,apcrso)

Macwtab

Mesnkoe
CpeAHero pasmepa
KpynHoe

[JocTtyn K 6a30BbIM yCyram v V|Hc|>paCprKType

MeAVLMHCKOe 06CyXMBaHMe
obpasoBaHue

TeXHMYeCckmne KoHCyNbTaumm
3aHATOCTb (BHE X0351iCTBA)
PbIHKN

3/1eKTPOCHabxeHme

TPaHCMNOPT 1 JOPOXHas CeTb
BOZOCHabXeHMe 1 KaHanm3aums
dVHaHCOBbIe yCyru

naoxon xopotuasi
xopotuasi
xopotuast
xopotuasi
xopotuasi
xopotuasi
xopotuasi
xopotuasi
xopotuasi

nAoxow 4

M0X0W
naoxoi
naoxoi
MaoXoi
n0XoW
nioxoi

nnoxoi /.

OTHOCUTENbHBI YpOBEHb

Aocrartka
OYeHb MI0XoN

NAOXov
cpeaHun
obecrneyeHHbIi
BeCbMa obecneyeHHbIN

Mon

KEHLLMHBI
MY>UVHbI

Co6CTBEHHOCTb Ha 3eMJ1t0
rocysapcTBeHHas
YaCTHOW KOMMaHun
0bLMHHas/ nocenkoBas
KONNEeKTUBHAaA
VHAMBUAYaNbHasA, He
opopmneHHasn B
COBCTBEHHOCTb

VHAVBUAYaNnbHas,
opopmneHHas B
COB6CTBEHHOCTb

MosAcHeHus

YpoBeHb MexaHu3aumm

py4HOW TpyA

TArnoBasa cuna
MexaH131poBaHoO/ ecTb
aBTOTpaHCnopT

Bospact
aetn
MONOAEXD
cpefHuin BO3pacT
NOXWNOW

lNpaBa Ha 3em/enosib30BaHMe
HeorpaHuyeHHoe
(HeKoHTpoIMpyemoe)
06LLIMHHOE (KOHTpOoNMpyemoe)
apeHaa

VIHAMBUAYaNbHOe

lNpaBa Ha BOJ0OBOJ/Ib30BaHMe
HeorpaHuyeHHoe
(HeKoHTpoIMpyemoe)

06LLMHHOE (KOHTpOAVpyeMoe)
apeHaa

VHAVBUAYaNnbHOe

The district is located in the interior parts of eastern India and
considered as a backward district with poor access to infrastructure

and other facilities

BJINAHNE

CoumnanbHO-3KOHOMMUYECKOEe BO3elcTBme

MpOoAYKTVBHOCTb
Ce/IbCKOX035NCTBEHHBIX KybTYP

Wocat SLM Technologies

CHU3MAN. v

yBenuyun.

For Wood Biochar or Wood Coconut Husk Biochar (WCB), or

Crop Residue Biochar (CRB) the highest grain yield of the
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crop was recorded with the highest dose of biochar,
fertilizer, and manure application. Also, it's application
significantly improved the straw yield

KayecTBO ypoxas

The application of Wood Biochar or Wood Coconut Husk

CHU3UA. v yBenuuun.
Biochar (WCB), or Crop Residue Biochar (CRB) with manure
also significantly improved the quality of the crop
MpoOV3BOACTBO KOPMOB
chsMN. ’ yBeamdun. It was found with significantly improved straw yield the

availability of fodder for the livestock also increased
pYCK MOTepr NPOAYKTUBHOCTM

It was observed that the crop in which the application of
yBenu4un. s CHM3MA. biochar was with the manure and fertilizer, the crop had
better adaptation and standing properties in comparison to
another crop without the application of biochar.
ynpasneHue 3eMnamMn YCNOXHUNOCh (4 ynpocTunoce
[0X0/bl X0351iCTBa

CHM3AN. ’ yBenuun. The yield for the crop in which application was done was
increased which led to an increase in income

CoumanbHoe 1 KynbTypHOe BO3/elcTBMe
npoAoBO/IbCTBEHHAsA 6e3onacHoCTb/

CHU3UA. v .
camoobecneyeHvie A yayawnn
JKonornyeckoe Bo3aencrTeme
cbop BOAbI/ BOAOYAEPXKAHME
MOBEPXHOCTHBI CTOK, poca, CHer 1 . o
( ) P P CHMSAA. ’ ynydwnn. Water retention from the soil increased because of the
T.A. . ) . .

A increase in soil organic matter and carbon content
MOBEPXHOCTHbI CTOK
yBenudun. ’ CHsMA. The water holding capacity of the water increased leading
to less surface runoff from the field.

|/|Cr|apeH|/|e yBenun4un. v CHWM3UN.
B/1aXKHOCTb MOYB

CHM3AN. ’ yBenMUNA. With an increase in soil organic matter and improved soil

texture the soil moisture increased

yTpaTta nous
The semi-arid climate and limited rainfall, combined with

ysenvunn, 7 ChuBAn. sporadic and intense monsoons, can lead to soil erosion.

When rainfall does occur, it can cause rapid runoff, carrying
away the topsoil due to the lack of vegetation cover or
inadequate soil conservation measures.

KPYyroBopoT/ BOCMOSHEHNE

nnTaTeNbHbIX BeLlecTB . . . . .

- ZIM ysenvamn, The gppllcatlon of blochar WIFh manure and fertl‘llzers not
only increased the nutrients in the soil but also increased
the nutrient uptake of plants from the soil.

3aCONEHHOCTb
Biochar can act as a soil amendment to moderate soil pH
depending on the initial pH level. Scientifically, biochar
tends to be pH neutral, so its impact on soil pH depends on

ysenvunn, 7 CHuBAN. the existing soil condition. The impact of biochar on pH is

often gradual and depends on various factors like the type
and composition of biochar, soil characteristics and
environmental conditions. Biochar acts more as a buffer,
stabilizing soil pH over time rather than making drastic
immediate changes.

NnoyBeHHoe / NoA3eMHoe

CHU3UA. v yBenuuun.

opraHuyeckoe BelLEeCcTBO/ yrnepos

pacTuTeNbHbIN MOKPOB

- 7 yBenuumn. The plant blomags a‘s.well as t}hfe vegetaFlve growth pfthe
plant showed a significant positive reaction to the biochar
application on crops

bromacca/ cosepxaHvie yrnepoja B
CHU3UA. v yBenuuun.

HaA3eMHo 6romacce
pa3Hoobpa3sve ¢paopbl cHY3MA. v ysenuunn.
6opbba c BpeauTensmu/ 6onesHaMU

Resistance of the crop increases with better uptake of K
from the soil. Plants become more resistant to disease and
pests.

CHM3WUA. v yBenunyun.
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Bbl6p0CbI Yrnekmcsioro rasa v

yBenunuunn. v
NMapHMKOBbLIX ra30B

BnusHve 3a npegenaMmu TeppuUTOprM NPUMeHeHst

CHU3WUA.

AHAJTNZ 2PPEKTBHOCTU 3ATPAT

Hackonbko ﬂOﬂyHaeMblﬁ pe3ynbTaTt CoONnoCTaBMM C NepBoHavYalbHbIMU B/1OXKEHUAMN

S¢dekTMBHOCTL 3aTpaT B
KPaTKOCPOYHOI nepcrekTse
SddeKTMBHOCTL 3aTpaT B
[ONTOCPOYHON NepcnekTvse

KpaliHe oTpuual MbHO v

KpaliHe oTpuLal NkHO

O4YeHb NO3NTBHOE

¥ 0uYeHb No3nTUBHOE

Hackonbko ﬂOﬂyHaEMbIVI pe3ysbTaT CONOCTaBUM C 3aTpaTaMn Ha TEXHNYECKOoe O6Cl1y)KVIBaHI/Ie

S¢dekTMBHOCTL 3aTpaT B
KPaTKOCPOYHOI nepcrekTuse
SdPeKTBHOCTL 3aTpaT B
AONTOCPOYHON NepcnekTvee

KpaliHe oTpuual MEHO

KpaliHe oTpuLal NkHO

¥ 0o4eHb NO3UTUBHOE

¥ 0uYeHb No3uTUMBHOE

The benefits of technology to soil health, crop productivity and crop quality is much higher than the cost of establishment and maintenance

WN3MEHEHWE KJTMMATA

MocTeneHHOe n3MeHeHme Kimmarta
CpezHerosoBble TeMrepaTypbl yBenUnIoCs
Ce30HHbIe TemnepaTypbl YBENNYNNOCH oUeHb NNOXO
CpefHero0Boe KOMMYECTBO 0CaAKOB CHUBWIOCh guens nnoxo v
Ce30HHOE KO/IMYEeCTBO 0CaAKOB CHU3WUIOCH

O4YeHb Naoxo

oYeHb NI0X0 4

0YeHb XOpoLLO
04eHb xopoLuo Ce30H: 1eTo

OYeHb XOpOoLLO

0YeHb xopoLLo Ce30H: Ce30H A0XAe I/ BNaxXHbIVi ce30H

3KCTpeMaJ1beIe SIBJIEHWS], CBAAI3AHHbIE C I3SMEHEeHMEM K/InMaTa (CTUXUiAHbIe GEACTBMH)

3acyxu oUeHb NAoxo s

O4YeHb XopoLo

BHEAPEHWE U AAAMNTALINA

[Jlons 3emnenonb3oBarteneil (B MpoLeHTax), MPUMeHSIIOLLX
TexHonoruo
OTAe/NbHble Clydaun/ 3KCnepuMeHT

1-10%

11-50%

> 50%

YUMo AOMOXO3ANCTB /AW NAOLWAAL NPUMEHEHUs
100

Bbina nu TexHonorusa Y3 moanéeuumpoBaHa B HeaaBHee
BpeMs C Lienbio agantaumm K MeHSILWMMCS YCUT0BUAM cpefibl?
Aa

Het

K KakvM VIMEHHO M3MEeHSILLMMCSA YC10BUSAM cpefbl?
M3MeHeHuna knmmaTta/ 3KCTpeManbHble NorogHble ABneHUA
M3mMeHsarLwmecs ycnoBus pbliHKa

[OCTYMHOCTb paboyeli cunbl (Hanpymep, 13-3a MUrpaLun
HaceneHws)

Cpeav npumeHsitoLmx TeXHOI0r o 3eMJ1enosib3oBaTtesnei,
KaKoBa A0S N1L, NPUMeHSIIoLLMX eé No cO6CTBEHHOMN
MHMUMaTMBe, T.e. 6€3 KaKoro-1mbo MmaTepuanbHOro
CTUMYNIPOBAHWSA CO CTOPOHbI?
0-10%

11-50%

51-90%

91-100%

Refinements in pyrolysis methods and technologies to produce biochar
with specific characteristics suited to diverse soil types and climate
conditions. This includes adjusting temperature, duration, and
feedstock to optimize biochar properties like porosity and water
retention capacity. Innovations in application techniques to improve
the efficiency and effectiveness of biochar incorporation into
agricultural systems. This involves exploring precision application
methods, such as localized placement or mixing with organic
amendments, to ensure better distribution and utilization of biochar
in the root zone. Emphasis on integrating biochar technology into
climate-smart agricultural practices, focusing on sustainable
intensification while adapting to changing climatic conditions. This
involves promoting practices that enhance resilience to drought, water
conservation and soil fertility improvement.

3AKTHOYNTE/IbHBIE MOTOXEHWSA 1 M3B/IEYEHHBIE YPOKW

CunbHbIe CTOPOHbI: MO MHEHUIO 3emsenosib3oBarenen

e The soil moisture, soil texture, water retention and water-holding

capacity of the soil increases. The uptake of nutrients increases
which leads to less application of fertilizers in the field

e There was an increase in crop yield, straw yield, vegetative mass
growth, more grains or fruits per plant, and fewer pests & disease
attacks on the plants were noticed

e The better use of crop residue from the field increase the soil
fertility and promoted better crop growth

CunbHbIe CTOPOHbI: MO MHEHUIO COCTaBUTENA U
OTBETCTBEHHbIX cneyunanunucToB

Wocat SLM Technologies

Sustainable Biochar Production Through Agroforestry Systems And Its...

Cnabble CTOPOHbLI/ HefoCTaTKN/ PUCKA: NO MHEHUIO
3eMJienosib30BaTeNeiBO3MOXHbIE NYTY NPeoA01EeHNS
e Need large quantities of wood and crop residue for biochar
production on a larger scale A better planning for crop residue
management and access to communities to collect forest waste
from forest can easily address this problem

Exploring alternative biomass sources like agricultural residues,
crop waste, or dedicated energy crops can reduce reliance on
wood or coconut shells, promoting sustainable sourcing. Also,
advancements in pyrolysis technologies to optimize biochar
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The use of biochar helps to combat the climate crisis by
sequestering atmospheric carbon into soil as well as processing
agricultural and other waste into useful clean energy

The application of biochar significantly changes the soil's
properties (texture, porosity, bulk density, particle density, surface
area, pore size distribution, cation exchange capacity, pH, and
water-holding capacity) which, directly influence plant growth

High porosity and a large surface area of biochar provide space for
micro-organisms that are beneficial for the soil and help in binding
important anions and cations, improving soil health and enhancing
crop productivity

Reduced nitrous oxide and methane emissions when biochar is
applied to the soil

production from smaller quantities of biomass, improving
efficiency and reducing the overall demand.

Do not have knowledge about how this biochar can be sold in the
market for additional income Creating more awareness among the
farmers about biochar will create a market demand for it.

Conducting market assessments and creating awareness among
potential buyers about the benefits of biochar for soil
improvement, carbon sequestration, and agricultural productivity.
Exploring the development of value-added products or
applications derived from biochar, such as soil amendments,
filtration systems, or compost blends, to diversify market
opportunities.

Cnabble CTOPOHbI/ HeAOCTaTKW/ PUCKN: MO MHEHUIO COCTaBUTeNs
WIN OTBETCTBEHHbIX CNeLnanNcToBBO3MOXXHbIE MYTN
npeojoneHns

The availability of suitable wood and coconut for biochar
production can be limited, and there may be competition between
biochar production and other uses of biomass, such as food and
fuel production The innovation in technology where biochar can be
produced with lesser amount of feedstock will be a great solution

e If not managed sustainably, the production of biomass feedstock
for biochar can lead to deforestation or the conversion of natural
ecosystems into monoculture plantations, which can have
negative ecological consequences The promotion of agro-forestry
is important to ensure the availability of feed stock while also

ensuring the increased coverage of forest.

The training of land users and other stakeholders around

sustainable biochar production.

CIMNMPABOYHbLIE MATEPVAJIbI

CocTtaBuTenb Editors PeueH3seHT
Santosh Gupta Kim Arora Udo Hoggel
Stephanie Jaquet Sally Bunning

Tabitha Nekesa
Ahmadou Gaye
Siagbé Golli

MpoAo/MKNTENbHOCTL NpUMeHeHUsa TexHonorun: 24 anpena 2023 r.

OTBeTCTBEHHbIEe CrieulnanucT bl
Santosh Gupta - Cneumanuct no Y3

MonHoe onucaHve B 6a3e gaHHbIX BOKAT
https://qcat.wocat.net/ru/wocat/technologies/view/technologies_6735/
Bugeo: https://player.vimeo.com/video/288

CBfi3aHHble AaHHbIe no Y3I1
Approaches: Developing professional standards in the installation, maintenance and management of pump units
https://qcat.wocat.net/ru/wocat/approaches/view/approaches_2515/

[ 0KyMeHT/POBaHMe OCyLLECTBAANOCH MPU yYacTumn

OpraHusauus

e Deutsche Gesellschaft fur Internationale Zusammenarbeit (GIZ) GmbH (GIZ) - FTepmaHus
e Ecociate Consultants (Ecociate Consultants) - NHans

e International Centre for Research in Agroforestry (ICRAF) - KeHus

Mpoekt

e Soil protection and rehabilitation for food security (ProSo(i)l)

Kniouesble ccbiikn
e |Bl publication at International Biochar Initiative: https://biochar-international.org/resources/ibi-publications/

CcbIIKM Ha MaTepuranbl Mo Teme, A0CTYMHbIE OHJalH

e About Balangir District: https://balangir.nic.in/about-district/

e Water Resources of Balangir District (Minor Irrigation Division, Balangir): https://balangir.nic.in/water-resources/

e Senior Geologist, Ground Water Survey & Investigation Division, Balangir:
https://www.rtiodisha.gov.in/Pages/printAllManual/office_id:2710/lang:

This work is licensed under Creative Commons Attribution-NonCommercial-ShareaAlike 4.0
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