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ABSTRACT

The percentage share of Gross Value added (GVA) of agriculture and allied sectors to
the economy of India is around 20.2% in 2021. Among the allied sectors, beekeeping exhibits
great potential to contribute to income generation and poverty alleviation. Beekeeping is a
sustainable livelihood option owing to the favourable environmental conditions and diversity
of bee species in the country. Honey being the major byproduct of beekeeping is of immense
importance in terms of production and export value. Other products include bee pollen,
propolis, bee wax, etc., The consumption of honey has gone up globally in times of COVID 19
pandemic due to its immunity-boosting properties. However, like several food products in
India, it is susceptible to instances of food fraud. There is no mechanism to monitor the value
chain of honey. Therefore, this study takes into account the value chain analysis of honey as
the first step followed by exploring the factors responsible for the implementation of e-
traceability using a suitable technology like blockchain. The study also forecasts the production

of honey on the basis of climatic factors.

This research conducts a honey value chain analysis. As part of the study, it maps the
value chain of honey in parts of Maharashtra. This area was selected primarily because it falls
in the Western Ghat region. Western Ghats are the hotspot region in India and known for best
source of natural honey in India. The value chain participants include producers i.e., the
beekeepers or farmers, aggregators or collectors, processors, traders, and consumers. Honey
production is found to be a profitable business in the area with a cost-benefit ratio of 1.57. The
factors responsible for determining the production of honey are family size, experience in
beekeeping, access to the market, and access to training. Further, the challenges in production

are pests and diseases, pesticide application, deforestation, and lack of suitable equipments. On



the marketing front, the challenges are adulteration, variation in prices, unregistered

beekeepers, and unlicensed traders.

The value chain study is further extended to the integration of e-traceability in agri-
food supply chains. This required exploring the critical factors in the implementation of e-
traceability. This was done through the methodology of Fuzzy-1SM and Fuzzy-MICMAC. The
hierarchical model created revealed that appropriate technology for e-traceability, competitive
advantage, coordination, and transparency are the driving forces in e-traceability

implementation.

The production of honey is the outcome of environmental, economic, and social factors.
On the environmental front, honey production largely depends on climatic factors and the flora
of the place. With limited data on floral diversity, this research makes a forecasting model for
honey production on the basis of climatic factors using the machine learning technique of
ANFIS with a hybrid optimization method. The results indicate that temperature and relative
humidity are important parameters in forecasting honey production. Overall, all the zones
exhibited low RMSE values indicating the model can be effectively used for forecasting honey
production according to Indian climatic conditions. The low value of RMSE of 4.88 % shows

that the ANFIS-based honey forecasting model is robust for predicting honey production.

The literature reveals that blockchain with its decentralized database is appropriate for
implementing e-traceability technology. Thus, the study explores the basics of technology and
constructs an architecture for blockchain-based traceability using the case of honey supply
chain. The factors required for the adoption of Blockchain are explored using Partial least
squares-Structural Equation Modelling (PLS-SEM). According to the results, performance-
driven factors like food safety, food quality, time and cost efficiency, consumer confidence,
minimization of intermediaries, and data transparency are driving forces for the adoption of
blockchain in the agri-food sector. Also, organizational factors like competitive advantage,

\



communication between stakeholders, and proper regulations in place are also critical factors
responsible for the adoption of blockchain by food firms. Furthermore, a suitable platform for
implementing the technology is explored. Hyperledger Fabric (HLF) with the highest
weightage is considered for applying blockchain. Further, the performance of HLF is analyzed
using the Hyperledger caliper tool with parameters, throughput, latency, and scalability. The
throughput varied from 707 to 955 successful transactions per second and latency is as less as

150 milliseconds. The use of the Fabric platform can support up to 6 organizations.

Vi



AR

YR B iR ¥ HiY SR Jag &Ff & Tdhd Yo aiefd (Sidiy) &1 UfRrd et 2021
o T 20.2% §| WoG &1 B, TYHEE! UTeH 31T goi 3R TRIa Ie &1 fe=m o
AT HRA BT gt &Hdl UeRid FHRaT g1 AYHeE UTeq X # 3G d uafaRuig
gRfRufaal ofR HeymaRd! gonfaat &t fafaedt & HRT srohifdeT &1 Th R fawed gl
YT UTeH &1 U SUIIE 84 & HRUI e &1 IdTe 3R fafd geu &t =P @
AP Hed g1 3 I H AYHaE! WA, Mo, Hyradt 4| onfe =M g
COVID 19 HEMRI & 9 § Yge ! WUd 3% TR W §¢ T8 ¢ i 35! Ufaran s
aTel 70T § | BTaifoh, YRA B &3 WTe ITE] Bt ave, I8 WY YIaTyS! & Iarexvll & forg
SfoTaeT=ie § 1 W1ee &) Uew @ &t R & fore H1S o 76 § 1 39fen, U e
(B S JUGd db1dD BT IUIANT PR 3-cHTSIeIe! b HRAaa & g fofHeR
BRD! B Wl & 916 Ugd RN & ¥ H XEa & Yo ST (IR0 T & # 7@l & |
3T B AR HRD| b SMYR TR XEE & IATG BT H 3FHH T T 8 |

Ig QMY Th Nea Hed YT A=AV Bl § | g & o8 & ¥ 0, Ig Ul qer1y
& 3 T A W8S B 7 YT BT AR BT 8 | oot SR & sifiarsit o Idresw
T AYARdT UTere a1 T, TTeR a1 daider, TRRR, URT 3R Ui 2nfid g
1.57 % ARTA-ATH 3(IUTd & UIY WEG IAG &7 H TP AHE™IS Hau™ Ul Sl 5|
6G & IdIeA BI YR HRA & fow fSTHER HRS TRAR &1 MHR, AYHE! Urer o
3fIHd, ITOIR dF Ugd AR UIRIEU I Ugd g | SHP AT, IATG | gl Hie 3R
T, BICARID] BT SUAN, Tl BT HeTs AR JUBRON Bt HHI § | FaUuH & A W, Fafaai
firetrae, Sgal § s, srislied TyHRd e 3R fa T ady ard R §
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T g e B piu-ung Mt gerst # -2t & gt & forg oy
TSI T B | 39 fory 3-23faferdt & spraf-aue § He@yul SRe! &) @il B gzl
ot | I% Holl-SMETHTH SR oll-THSTSHITHTE! &1 SRIVUTCR & HIead ¥ fovar ar |
§TT T YShiid Hisd ¥ Udl 9l § o s-cafafec!, ufaeaufes amy, ¥H-ag iR
URGRIA & Y SUIad b1 3-cuafere! Hr-aa- o IR faadl g |

TGS BT IUIGA TR, 3Mffes SR Arifores HRe! 1 aRomd § | Uiyl & A ),
[6C BT SUTG BT 8 I SIAdR] HRD| R S8 B adfadl IR AR Har g | Gl
& fafaedr iR S siidws! & A1y, T8 Y BTSS SIH e UG & i TeUH ST
(ANFIS) B A=A A1 b1 1 ITANT HRd gU Tadd HRD| b SHTYR T UGS SAIG
& fore U gafgAe Afe sH1aT 8 | IR §1d1d & i 28a Sce o gaiga H aaem
3R WO STl He@qul AMeS &1 $of ey, Tt &3 3 $H SRUATHS (RMSE)
et &1 USRf fobar, T8 e=ifdn @ fob HR Sefarg uRfRufadl & 38R w8e Ided &
TaTJA & o ATSd ST THTAT 11 1 SUTNT [T ST Wbl § | 4.88% o SHRTHTHS & Y
I I UdT Iadl 8 b Wee Iared &1 Hidsgamnft & fou veTuw sy snumikd weg
AT HiS T Hofd 3|

e A Udl Ieidl § fob sllepa 30 fadb<iiepd Scred & A1y 3-¢qfaferdt daiies &1
AN 3 & T ST B 1 39 TR, AT MeNb 1 el Tl b1 Usdred Bl g 3R
(53 Y[l el o HIHS BT ITAN PXb sclidba=- TR cufafere! o e U argaha
&1 FAT0r IRl g1 Spad DI TAH & Y MaRaH HRD! B SHifdH FAaq ail-
TTHD JHIBUT Ao (Uaud-TasTH) BT IUANT B TSl T g1 URUTH &

SR, AT YR, W1 T[Ura<l, YHY 3R AT gérdl, SuHiadt fayry, faenferl & &4
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