\\"‘) ICAR - lIOPR
~, aifdes ufdda=t
Annual Report

2024

ICAR - Indian Institute of bil Palm Research

Yedil - 534 435, AT U2
Pedavegi- 534 435, Andhra Pradesh
Website: https://iiopr.org.in






L)

ICA R

arfifes uferaea
Annual Report
2024

- AT ATAUTH A
ICAR INDIAN INSTITUTE OF OIL PALM RESEARCH
YT - 534435, TIE AT, AT WAW

Pedavegi - 534 435, Eluru Dt., Andhra Pradesh
Web site : https://iiopr.org.in

3¢

I-Hy;

=

.Y

)
)



wwwm  |CAR-IIOPR Annual Report 2024
ICAR

ISBN: 81-87561-84-X

Published by
Dr. K.Suresh

Director, ICAR-Indian Institute of Oil Palm Research
Pedavegi - 534 435, Eluru Dt., Andhra Pradesh

Phone : 08812-259409, 259532,259524
Fax : 08812-259531

E-mail : director.iiopr@icar.org.in

Web site : https://iiopr.org.in

Compiled and Edited by

Dr. K.Suresh

Dr. B.Kalyana Babu
Dr.S.Shivashankar
Ms. A.Bhanusri

Allrights are reserved.No part of this book shall be reproduced
or transmitted in any form by print, microfilm or any other
means without written permission of the Director, ICAR-Indian
Institute of Oil Palm Research, Pedavegi.

Correct Citation
Annual Report 2024
ICAR - Indian Institute of Oil Palm Research
Pedavegi - 534 435, Andhra Pradesh, India

High yielding tenera germplasm (348.2 kg FFB/palm/year)
Bio control agent R-55 commercialized for RSW
Tissue culture plants obtained through somatic embryogenesis

Motorized weeder prototype

o N ow

Printed at
Swapna Art Home, Vijayawada 520 002, Ph:9246464115

v ICAR-IIOPR ANNUAL REPORT 2024



CONTENTS

—_

10.

1.

12.

13.

14.

15.

16.

17.

18.

Preface

Executive Summary

Introduction

Research Achievements

Transfer of Technology and Education
Awards and Recognitions

Linkages and Collaborations

AICRP / Co-ordination Unit

List of Publications

Training and Capacity Building
i.Trainings attended

ii. Seminar/Symposium/Conferences attended

List of ongoing projects

Consultancy, Patents and Commercialization of technology
RAGC, IRC, IMC meetings

Workshops, Seminars, Summer Institutes/Farmers’ Day and
other meetings organised

Official Language Implementation Activities
List of Distinguished Visitors
Personnel

Meteriologica Data

01

03

09

13

49

61

63

65

67

71
71

75

79

83

85

93

95

97

99

ICAR-IIOPR ANNUAL REPORT 2024

I-Hiry,

)

0

it

e

LX)
i-..a
4

oF o



ICAR-IIOPR ANNUAL REPORT 2024



1. PREFACE

il palm, which yields an average of 4-5 tonnes of oil per

hectare, is recognised globally as one of the most

productive oil yielding crops. It also plays a vital role in
bridging the gap between demand and supply of vegetable
oil in the country. During 2021, Govt. of India has launched
National Mission on Edible Qils-Oil Palm (NMEO-OP)which aims
to achieve self-reliance in edible oils by promoting oil-palm
cultivation in the potential states identified by ICAR-IIOPR and
DA&FW Committee (2020).The research focus of ICAR-IIOPR has
always been oriented towards the goal of improving
productivity and profitability of oil palm using precision
technologies.

During 2024, the Institute has supplied parental planting material for establishment of new seed
garden in Kerala. One new seed garden in Andhra Pradesh has started production of germinated seeds.
The sprout production potential has been enhanced in 2 seed gardens in Karnataka, thereby
strengthening the indigenous planting material production. ICAR-IIOPR has provided the needed
technical guidance to existing seed gardens and establishment of new seed gardens in the country.
A low saturated-fatty-acid germplasmwas identified through germplasm screening, a step towards
development of low saturated palm oil. Optimum Boron application rates were standardised for higher
yield production. Aspergillus Sp.R55 was established as a suitable biocontrol agent for managing Rugose
Whiteflies in oil palm plantations. Ganoderma induced basal stem rot in oil palm could be detected
using RPA-LFA kits and ergosterol quantification via UHPLC-DAD. A cost effective and ergonomically
suitable motorized weeder prototype with automatic depth control system was developed. During the
year,4 technologies of ICAR-IIOPR were certified by ICAR and another 4 technologies were recommended
by Institute Technology Management Unit for commercialization.

The Institute is handholding Department of Agriculture & Farmers Welfare (DA & FW), Govt. of India
in steering the country towardsachieving targeted area expansion under oil palmand further
development activities in various oil palm growing States. The scientists of ICAR-IIOPR have participated
in Mega oil palm plantation drive and served as members of National Level Monitoring Teams(NALMOT)
of different States. The Norms and Standards for establishment of oil palm nurseries andStandard
Operation Procedures to produce quality planting material innurseries were disseminated to oil palm
stakeholders.The review meetings of NMEO-OP organised by DA & FW were attended from time to time
and inputs were provided regarding oil palm potential, production, productivity, profitability and
sustainability.

Dr. Himanshu Pathak, Secretary, DARE & Director General, ICAR took special interest in reviewing
the Institute activities and | take this opportunity to thank him for his valuable insights. | thankDr.
T.R.Sharma, Deputy Director General (Crop Sc.& I/cHort. Sc.) and Dr. S.K. Singh, Deputy Director General
(Hort. Sc.) for their guidance and supportin implementing the Institute programmes. | would like to
express my sincere thanks to Dr. V.B.Patel, Asst. Director General (Fruits & Plantation Crops), Dr. Anup
Kumar Bhattacharjee and Dr.P.C.Tripathi,Principal Scientists of Hort.Sc. Division, ICAR for their continuous
support. | also thank Dr. Sudhakar Pandey, ADG, Dr. V. Pandey, Principal Scientist and other officials of
Hort. Sc. Division for their constant support and cooperation in smooth running of the Institute. | thank
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the Research Advisory Committee and Institute Management Committee of the Institute for the guidance
and suggestions in fine tuning the research programmes.

My special thanks are due to the Secretary, DA&FW and other officials overseeing NMEO-OP
implementation programme at the Department of Agriculture and Farmers Welfare.The financial support
provided to oil palm R & D projects at ICAR-IIOPR helped in further strengthening oil palm research
programmes of ICAR-IIOPR. The research outcome of these projects would help in developing niche
technologies for enhancing the productivity of oil palm plantations. | further acknowledge the support
and cooperation given by State Agril./Hort. Departments, State Agricultural Universities, other ICAR
Institutes, oil palm processors and oil palm farmers in implementation of various programmes of our
Institute.

I acknowledge and thank all the scientific, technical, administration, skilled support staff and other
staff members of the Institute for their dedication and valuable services provided to the Institute.
| appreciate and compliment the editors of ICAR-IIOPR Annual Report-2024 for bringing out the report
in time.

Goretrle

-

(Kancherla Suresh)
Director
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2. BRIGN IRE EXECUTIVE SUMMARY

YIHITIU—ARAI el TS LT AR
(STERATRTR—STTEMEAINGTR) HeTel Ieura T Hgof
IRGAT H IATGH], TR IR oI Haed &l
93 & I | Ublpd, Ig—[dd RPN &
AEH ¥ Od dre ATEE™ AR fadra H w1
3RATS HRAT ORI T 2 | g8 Ruie ol & SRM
FI B W IUATRAT BT U IS ARIY TR
el B, Forad aRISHA—IR iR Tfafafd—ar
QUR, g WENfd, S9EE gdes, iR e,
WR M 3R ofg RAge, dIe 3R AT JEe,
# HEgUl WA WR UBTY STAT AT | AR B
IS URIGHT o Tl dr8 Bl Wl § Agdqul
AT BT FHATEN &R H§ IRTGH 31 2, |1 &
Tl del S<ared | SATHMHRET, STerdry erdietTos
IR s HRT SR LT werHedrell &1
qa fhar 1 ¥8l uga fawaw fessl sk
RNl &1 d=+e Scpeedl, Fa@R IR I”
IRA & el dre Bl iR R &l @masiRe
TGS B Ul JMTSHTTIR—IMSIATSINIIIR BT
vfdagdr @I X@ifdd Bl € |

TAAEE B Y€ B AU Uh AIed b § | dRd H
JMRMST Tieed iR fhami & dl o da dre
@ 250 fhelumd drol Well & T /98 | 3ifd®
IATET HRA dTel IORE J8aNA SRT dTS T
fby T | FrRh AgeiRarg, 9rgen =g e 3k o
Il &1 afdHfEE o=l &, o IR g
FHTIHAT & oY SMIARE MR Aogd i 2 |

USTIRT ¥ SHwAToH iy 11 9 VI d& H {6y
Y AYH TG & URUTHERRY I IUol dTel
19 ST 3R TR ATS] P! USAM g, D! IUS
226 ¥ 417 fdadum™ /e /a9 dd o | wUTHSB
3R SuST faverdreii SR fh =6 &1 a9, Bl b
ugrel IR dA—H—TeT AIUTd H HSIYf
IRITASIATT <ET TS, ST USTH- & folv =3+ &rar
U XAl B

UTEITE ¥ JAHID! SATGS & Ig—ATI i
T o=, Sfrear iR e f9ars 3 urd dre &
el H IMUTSHe SIS Ye¥ BT Udl dIall | Fhx

The ICAR-Indian Institute of Oil Palm Research
(ICAR-IIOPR) continues to lead advancements in oil
palm research and development through
integrated, multidisciplinary approaches aimed at
enhancing productivity, sustainability, and value
addition across the crop’s production chain. This
report presents a comprehensive summary of the
institute’s research achievements for the year, 2024
organized project-wise and activity-wise,
highlighting significant progress in germplasm
conservation, genetic improvement, bio-
technology, resource management, farming
systems, physiology and biochemistry, pest and
disease management, mechanization, post-harvest
handling and value addition. Each project has
contributed to addressing critical challenges in oil
palm cultivation, while also supporting national
priorities, such as self-reliance in edible oil
production, climate resilience, and sustainable
agriculture.The findings and technologies detailed
herein underscore ICAR-IIOPR’s commitment to
scientific excellence, innovation, and the practical
needs of oil palm farmers and stakeholders across
India.

ICAR-IIOPR, is the nodal centre for managing
oil palm genetic resources. Eighteen elite Tenera
palms producing over 250 kg FFB/palm/year were
collected from Qil Palm India Limited (OPIL) estates
and farmers’ fields in Kerala. The materials
represented from Nigerian,Papua New Guinea and
Zaire origins, further help in strengthening the
genetic base for Indian breeding programs.

Extensive evaluations in germplasm blocks IlI
toVlat Pedavegiled to the identification of 19 high-
yielding dura and tenera palms, with FFB yields
ranging from 226 to 417 kg/palm/year. Significant
variability was observed in morphological and
yield traits such as bunch weight, total dry matter,
and oil-to-bunch ratio, offering selection potential
for breeding.

Multi-location evaluations of African
germplasm at Palode revealed promising yield
performance in palms sourced from Tanzania,
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4151 SATed & forg A dret &7 =+ fobar T, i
afdwg ¥ ey e § IrreE < |

UeTdiT 3R dTelie # &3 GuR gRIewl o U
AR fd@rd ol & W DxD HaR BT HAlDh
fopar | 300 fharm /drs /a3t | 31fdd SUST aTel
3D TSl Bl g DI TS | Folvey [awieor 3R
faveraret /ol & Weddy & FeudHl o Uawh ag4
BT URTH fHaT | Tre F&=AT 93 (321.65 fhali i /
qre /%) Fa¥ 3Mfdd SUS < arell H ¥ Ud o |

I Td IT IUG < dTel iUl & JoTT
SAeToll T SUANT fham 7T | aefol 7 e goi,
T U &R ot [3& uard H i amgafie
aRgcdierar @ gk @l drs e 211 (298
fun /drs /aet) 7 Sog § A afg b A
IHIC YU ST, Sl BRI [HT DI & Bl
Hepd ol © |

IS JIFHAT 7 W—BIEHT IR RIS SUAR]
BT IUANT BB Bl IJIHIVT B GG IR &M
Dfad fbar| J=fl Sig RS F&I0T TEaR g
SIfdh BT BT BISHR GV HH &1 8T | YD T
LTI F SR & dgd dio Jderidl g0 W&+
& folg R I IR RS BIsd &7 &I
JER AMT | HPR 49 IR 1.1 AR @i o
NP B AT, 3R 1133 TSI S AT U AT I
e I1fud far 37| svifae AT fasereToT
BT SUART TP TIMSHIRIRUT TRIET0 @& forw &
YHR & HITE TS BT aI9 fhar 77 |

IS HTTIR—ITSIATSIATIRNR H JURYFT R
qRUIEB] A Qe YOOI &1 STANT HRS Il ars
& oY U AT Srcich Hae UICTdhiel BT AT hR0T
foram | Mfear rgdme iR A Uieidlial 9 300
3ffres Uil & el Yo &I e fhar| a8
AIeIdbld ST e & Fali IR J9Tdl WY | N
febar T o |

Fab—Hatiq uel & FAa Teer B 92
UHUHASIR AT Bl SUANT Ixes A fohar T,
ISSRICIGECISICSIESE CARCIS CIREEC S RCa)
gR¥c g3 | 9D IR, 430 THTHIR HAIHRI &
SUANT BRS Th SIHH—aIgs AR e
(STSeRUTH) = U 3R Hals d&vli I Fafera

Zambia, and Guinea Bissau. Nine palms were
selected for hybrid seed production, contributing
to future varietal development.

Multiple improvement trials at Pedavegi and
Palode evaluated DxD crosses for yield and growth
traits. Several palms with FFB yields exceeding 300
kg/palm/year were identified. Cluster analysis and
trait correlation studies refined parent selection.
Palm no.93 (321.65 kg/palm/year) was the highest
yielder.

Traits like bunch index, leaf area, and height
increment were used to breed for dwarf and high-
yielding genotypes. Trials confirmed substantial
genetic variability in bunch weight, sex ratio, and
total dry matter. Palm no. 211 (298 kg/palm/year)
showed excellent performance with reduced
heightincrement, indicating potential for compact
varieties.

Seed research focused on enhancing kernel
germination using pre-heating and chemical
treatments. Packaging studies identified super
grain and tri-laminated foil bags as superior for
maintaining seed viability under storage. Hybrid
seed production reached over 1.1 lakh sprouts,and
a new seed garden with 1133 palms was
established. True-to-type mother palms were
selected for AICRP trials using molecular similarity
analysis.

ICAR-IIOPR standardized a robust tissue culture
protocol for oil palm using somatic embryogenesis
from immature male inflorescences. Media
optimization and hardening protocols enabled
successful regeneration of over 300 plantlets. The
same protocol was effectively applied to clone Dura
palms.

Clonal fidelity of tissue-cultured plantlets was
validated using 92 SSR markers, confirming their
genetic identity with mother palms. Additionally,a
genome-wide association study (GWAS) using 430
SSR markers, identified seven QTLs related to yield
and height traits, enabling marker-assisted
selection.

ICAR-IIOPR ANNUAL REPORT 2024
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A RS B UgdM DI, [T ATHI—FETI
I I F9d g |

g THTONRNoT 3R 3orfde e &1 wel=
BT B foTU, 30 HTHR BT Uh BN THUHIIR U
faeia o a1 &iR fafder smgafe ey &ik
Jafoat § |/ fhar T | a8 e R, w8
JHR B gRE AR UoT=d BRIHAT § 3 e &
Ul Bl WA B § g9l 2 |

HaT TH HER IR dIAET STl BT SUIRT B
e RHarg el 1 Sl vdee | gurR e
TERTE & AT T TGl 3R AU aRuIIS &
AT godl W Aewded o, SR
Riarg w7a MgiRa & 4 A7 el | Raa <A
ASYfITT & oY Ush SMSIATCI—3MeNRe Ri=Tg Jomed!
fwRra @ o & 7|

Udh AP YD HASIRISA TN F &I SHR-T
Il @ foru Sust ufdfshar & = foy, o
3Tdera UIeTd dedl @ Wik @l ugar gs | Uiy
q AL R GRBRE Bl TG IS J4GEH &
wU W IR VP B REgelsT Asa o AHl
Rqur gural w1 W Jeaied fhar, e gt |
STIY TV Fhx H J8aR ¥ 3R SUST BT gaT e |

B SAMART qRIE 9 10X7 HIex AR
lATST Pl UG AR B IUed $ ol qad
3FesT AT | IR IR eI SJRelcd A
T (30—45 UM /TS /F90) U &I, 9« o<l
ITE 3R IR USRI H Ieei@= 1 FEIR g3 |
GRYTGR HAET0N = TS B dI4T 3T TSl & 415t Bl
SRl | v gSifaal 1 SedrdsiieRor fahar, foraa
H—faftve WRUTIR gdu= Yool ol feoirg
B H e el |

qNE AId! JERD STl & 31T SfaR—hcl
YT & Ul IofT fb ¥ geq SioR 999 s
IATEH & 3R Tl T8 B A1 [T Xl 2 | 391
qel d18 & [drd &l Uidde w9 ¥ gwIad fhy
T T ifde wat Iust QiR a1 ogw |

UeRTe] BT SUYART B ARl URIETON | T
=rell b 1.75% Wiedl 1 SIQUl & d1a ARl & ATl
d guR &A1 M & yedd @ FIRE & o
Ul BT SE TR H IR wR A T | dd
TS & Hox 3R SI—ITE] BT STANT XD U
UPIhd Sfad Wl YoTell §% @ TS | JEAR HaT
TR, Geollg RIAf 3R USTgH & ®R ®I gl
far m, <1 Sifaw vonferal # dgaR Rerar &1
Adbd <l B |

To support varietal authentication and
molecular diagnostics, a core SSR panel of 30
markers was developed and validated across
diverse genetic backgrounds and progenies. This
panel is effective for fingerprinting, true-to-type
confirmation,and eliminating illegitimate palmsin
breeding programs.

Precision irrigation trials using soil moisture
sensors and VPD data improved water
management. Moisture increased with depth, and
VPD correlated strongly with evapotranspiration,
helping define optimal irrigation timing. An loT-
based irrigation system is being developed for real-
time scheduling.

A comprehensive NPK factorial experiment
generated yield response curves for two tenera
crosses, identifying optimal nutrient levels. PCA
showed nitrogen and phosphorus as key yield
influencers.A crop simulation model also evaluated
seasonal planting effects, revealing better growth
and yield in July-planted hybrids.

Crop geometry trials identified the 10x7 m
rectangular layout as best for yield and bunch
production.A boron fertilization study established
optimal application rates (30-45 g/palm/year),
significantly improving leaf production and boron
availability. Weed surveys documented dominant
species across palm basins and interspaces, aiding
in designing site-specific weed management
strategies.

An intercropping trial with 12 ornamental
ginger species showed Red Button Ginger as most
productive and compatible with oil palm. It
delivered the highest flower yield and vase life
without adversely affecting oil palm growth.

Nursery trials using panchagavya revealed that
1.75% concentration improved seedling vigor next
to DAP. Seedlings were shifted to secondary
nursery for further performance monitoring. An
integrated organic cultivation system utilizing oil
palm waste and by-products was initiated.
Enhanced soil health, microbial activity, and
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IROHET AR Bl & Il & AT UM AT
@ TASIOT BT BT URTS AREAT 3iR UIeIvT I[oreT &
forq srgafera fbar | U SfiFgd & 20—-30%
Ao 7 JEaR B RS U IR IRICHITS
AR qeI, T dftad TR AFG BT RT BT
gl

SHAGR S A HH Aasa 99T 3Fd  dTell
f 1 (38.18% TAUWY, 52.14% 3iiferd YRTS) @
B B — S W IHE UM d & oy
ey B | Plee—IRe ATl & fIsereror | udr g
f6 um offaa § STa dRIcHgS ARl (812
AT / fh3) &fiR Ao UST gdeiHey il
(60%) 2T | A SIAHINAT YRTOT I WRYR Qe Tl &
T &1 THIT Bl T |

e R 9 9% J@feagal @ JaH
Jafferedr o7 yar =ell 7, foTas fader § RSW 3R
BRA H BNW BT dieTdTell &7 | STHas) 3R A9 #
TRAM U 7 e w7 (RARIRY died) & SWRA
BT Tl fHaT | ATd—3milet & S aH &7 FehHvT Tfrdh
ofT, 3R RTT PIeHANGI o Soa YHTIRIRAT I |

g R0 goie RS5 F faf=T e Rerferl
¥ 94% A 31YH RSW 7g X BN &l | WRET
3IR 28T &fdy ezl 9§ udl ga & b o=l @l @iie
T TEST qo Bl BB HH B oA B IRAS
SAETOT yB A SR YR B U Aferd gwEy @
SR 3 |

RPA-LFA f&e 3R UHPLC-DAD & ArH |
TR aifefhdyd BT SYART HRP  A-ISH
SITH3TR BT UAT SR & B H GER fhar 13 |
TT A3 AAISHT YST) &7 ggdard @f T3 3R SHT
JIIHAV AT AT | . Ulorigsd & S Bl
Shgl b 13T, fSa fIemy] R iR fAwraara

JAGRE BT YT Fel |

Wd JAid1 § Udl =l fh Talga dadh-radh
IR TS PhISHAT JMUTRT SUART = TTHIR BT T
T ¥ A fHar| grsdreAl A IR fgu Ri=rs
IR I srapferd fovam 13T, [ Fagridn 3iiR
gl Sufawer gHAftad garm | A7 dacbae! = gof
3IR T[EBT e ITSTD] & RISATH MITSTTh IR
e |

enzyme levels were recorded, indicating improved
sustainability in organic systems.

Palm oil blends with sunflower and groundnut
oils were optimized for fatty acid composition and
nutritional quality. Blends with 20-30% palm oil
showed improved fatty acid ratios and carotenoid
content, meeting global health standards.

Germplasm screening identified a low-
saturated-fatty-acid line (38.18% SFA, 52.14% oleic
acid)—ideal for health-oriented palm oil. Cold-
pressed oil analysis showed palm oil had high
carotenoid content (~812 mg/kg) and strong anti-
inflammatory activity (~60%). These insights
support the development of nutritionally enriched
edible oils.

Pest monitoring showed seasonal peaks in
whiteflies, with RSW dominating in December and
BNW in February. Pheromone traps recorded
rhinoceros beetle emergence in January and May.
Bagworm infestation was severe in March to April,
and targeted insecticides showed high efficacy.

The biocontrol agent R55 achieved over 94%
RSW mortality across varied field conditions.Pollen
and bunch damage studies revealed frond injury
significantly reduced bunch weight. Targeted
intervention is needed for early symptom
detection and protection.

Ganoderma BSR detection was improved
using RPA-LFA kits and ergosterol quantification via
UHPLC-DAD. Two novel Ganoderma species were
identified and sequenced. The genome of G.
ellipsoideum was assembled, revealing virulence
factors and evolutionary insights.

Field evaluations demonstrated that
integrated fungicide and Trichoderma-based
treatments suppressed BSR effectively.
Trichoderma formulation and drip irrigation
delivery were optimized, ensuring viability and soil
colonization. New fungicides showed promise
against foliar and bunch rot pathogens, reinforcing
integrated disease control strategies.
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aTferd MERTs AT Ul & T US
Hiexgos drex Uicrersy fasfya fhar war o
Hies TV SR 8 | I8 A ANTd—YHTd! § 3R
B¢ fhaml & forg TIHifAS ©9 9 fS9rs+ @t 138
2| HieNsee ddbid g’ J Ufd e o 6l
¥ 252 T® PHH fhar Arr & e SAEHar iR
IR # guR {dar | ghrRe—smeRa gorgH
fAf¥pardr 1 FFA @7 1.72% d® &F &R a7 &Rk
dd @ Iud H guR e, e td W@,
Soli—uel FRIgoR Iy @ ug=m g8 |

I UM 9 Hecl—SRNGSTd SHYl DRy
3R 331 SARTT IR o fefvtea dmel A
ARl dfTed faseteror, sSifafRT g ofix
fogerasaivs &1 wwele fHar| vemg—smanRa
FATRIPRIR < aferd §a ATST o1 dem faba,
T Jedldd # ATl SiR fFreuerdr a3 |

T dre H $9 & SKATA W by U e
H A SIRTRedl ol TS, S B $M, Uh
A foeda IR 9 @ gad o ™ gU |
fa S=a drTd & draSiE SH AU &I
BT B |

A motorized weeder prototype was developed
with an automatic depth control system. Field
testing is ongoing. The machine is cost-effective
and ergonomically designed for smallholders.

A motorized backpack harvester reduced
harvesting cost per ton to% 252 and improved daily
productivity and ergonomics. Infrared-based
enzyme inactivation reduced FFA to 1.72% and
improved oil yield, offering a clean, energy-efficient
sterilization method.

Digital tools like the oil palm bunch multi-
directional image capturer and 3D Imaging
processor supported morphological analysis,
engineering measurements, and visualization. An
Al-based classifier enabled automated bunch
grading, enhancing precision and objectivity in
evaluation.

The study on drone application in oil palm
showed medium awareness among farmers with
benefits like reduced labor, uniform spraying, and
time savings. Farmers support adoption despite
higher costs, seeking training and government
assistance.
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