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Litchi cultivation continues to hold a unique place in Indian horticulture because of its
high economic value, export potential and importance in supporting the livelihoods of
growers in eastern India. With India ranking among the leading litchi-producing countries,
there is a growing need for scientific interventions to improve productivity, fruit quality,
post-harvest life and climate resilience. The ICAR-National Research Centre on Litchi,
Muzaffarpur, remains committed to addressing these challenges through focused research,
technology development and outreach for the benefit of farmers and other stakeholders
across the litchi sector.

During 2025, the Centre made significant progress in research on crop improvement,
production, protection, post-harvest management and value addition in litchi. Elite
genotypes with superior fruit weight, pulp recovery, sweetness and market appeal were
identified, while advances in mutation breeding, GWAS-based phenotyping and molecular
characterization strengthened crop improvement efforts. In-situ mycorrhization and
integrated nutrient management improved soil fertility, nutrient availability and reduced
dependence on chemical fertilizers. DRIS-based nutrient norms helped identify hidden
nutrient imbalances, while studies revealed the adverse impact of girdling on rhizosphere
health and identified February as a critical nutrient stress period. Fruit cracking and scorching
were effectively managed through under-canopy mini-sprinkler irrigation and pre-harvest
bagging. Crop protection research identified panicle blight as a major yield-limiting factor,
and effective fungicidal and bio-stimulant-based management strategies were validated.
Studies on pest dynamics, pesticide residues, pollination ecology and semiochemical-
based approaches generated useful insights for sustainable pest management. The Centre
also highlighted the role of pollinators and parasitoids in maintaining orchard ecology.
In post-harvest management, technologies such as Bacillus subtilis-based formulations,
hydrocolloid coatings, lac coatings, melatonin treatment and modified atmosphere
packaging effectively improved fruit quality and shelf life. Value addition studies on litchi
fibre-enriched cookies, litchi leather, starch extraction and carbonated RTS beverages
demonstrated the potential for better utilization of litchi by-products.

Living up to the expectations of litchi growers in different parts of the country, the centre
made concerted efforts to reach out to farmers and stakeholders in litchi-growing areas
all over the country. Several capacity building and training programmes were organized
during the year and more than 5000 stakeholders were benefitted through our training
and extension activities. MoU and licence transfer for litchi-based beverages have been
inked with entrepreneurs. The centre also participated in various Farmers’ Fair to showcase
and disseminate litchi technologies among stakeholders. With the aim of developing core
competence and human resource development, the centre has continued to attract and train
UG and PG students in agricultural research and education.

I am proud to present the Annual Report 2025 of ICAR-NRCL. I place on record the sincere
work and dedication of scientists and staff of ICAR-NRCL for the progress of this Centre.
I am thankful to Dr. M.L. Jat, Secretary DARE & DG, ICAR, and Dr. S. K. Singh, DDG

(HS), ICAR for their constant support and guidance.
(n 377

March, 2026 (Bikash Das)
Muzaffarpur Director
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The ICAR-NRCL is the premier national institute for
conducting research and development in litchi and provides
leadership at national level. It also acts as a national repository
for information on litchi production, processing, value
addition, and provides consultancy services to end users.

Genesis and Growth

The ICAR-National Research Centre on Litchi (ICAR-
NRCL) was established on 6" June, 2001 under the aegis of
the Indian Council of Agricultural Research. With the lease
deedhaving signed on 25"June, 2002 between theICAR and
Government of Bihar to transfer 100acres of land to the Centre
at Mushahari, Muzaffarpur, I[CAR-NRCL began its journey.
The Centre grew in strength and number in subsequent years
as more scientists and staff were allotted from the Council.
The Centre is constrained today by its scientific strength,
but have all modern laboratories with core equipment, a
sprawling farm and experimental area, and a buzzing campus.
The Centre is located at Mushahari, on Muzaffarpur-Pusa
Road at 26°5’87° N latitude, 85°26°64’" E longitude at an
elevation of 210 m. It is located at about eight km distance
from Muzaffarpur railway station. The research farm of the
Centre is spread over an area of 35 hectares.

Mission, Mandate and Functions

Mission

Harnessing science and technology by interfacing research
and extension activities for enhanced quality production,
productivity, processing and use diversification for

sustained litchi production, industry and trade.

Mandate

e Applied and strategic research on genetic resources and
production technologies for enhanced, sustained, and
safe production of litchi

e Transfer of technology and capacity building for stakeholders
for enhancing and sustaining productivity of litchi

Infrastructure Facilities

The research farm of the Centre has modern propagation
structures,
networking and water sources. Modern analytical and
diagnostic equipments like RT-PCR, GCMS, AAS, UV-
HPLC, CHNS analyzer, leaf
arca meter, portable photosynthesis system, horizontal

screen  houses, glasshouses, irrigation

VIS spectrophotometer,

electrophoresis unit, nitrogen analyzer, flame photometer,
trinocular phase-contrast upright microscope, trinocular
compound microscope, inverted phase contrast microscope,
stereo binocular microscope, lyophilizer, bioformentor,
ultracentrifuge, modified atmospheric packaging unit,
hydro-cooling system, forced-air cooling system, litchi
grading machine, plastic strip sealing and packaging
machine, litchi peeling machine, cool storage chamber,
bottle washing machine, litchi harvester cum pruner, power
sprayer and mist chamber have been installed for different

research and supportive activities.

Library

NRC on Litchi is endeavoring to create an excellent library
at the center. The center has obtained 1906 books (300 in
Hindi and 1606 in English), including the Encyclopaedia,
Britannica and Wealth of India. Additionally, the center
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has subscribed to 15 Indian and 15 foreign magazines
to support research activities. The Centre Institute has
published technical folders in Hindi and English, extension
folders, pamphlets, reports, information bulletins, technical
bulletins, and extension bulletins. The Centre has subscribed
to the Hindi journals Pratiyogita Darpan, Outlook, India
Today, and Yojana. The library also preserves records of all
other publications from the institute, as well as those from
externally financed projects. All the books are accessible
to scientists, farmers, workers, and students. The library is
essential and beneficial for students participating in training
programs at the institute.

Agricultural Knowledge Management Unit (AKMU)
The centre has an Agricultural Knowledge Management
Unit to manage the knowledge database with software of
international repute suchas SAS, CAB abstracts, horticultural
abstract, and other computing softwares. The centre has
now installed server and LAN system for shared resources.
Access to high speed internet is made available through the
National Knowledge Network (NKN). The centre’s website
(https://nrclitchi.org.in/) is regularly updated with the latest
information and is visited by thousands of visitors from all
over the world.
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Research and Development Activities
ICAR-NRC on Litchi
development programmes under six main thematic areas

carries out its research and

1.  Conservation, characterization, and utilization of
genetic diversity for improvement of litchi

2. Development and refinement of integrated production
technologies for improved productivity of litchi

3.  Development and refinement of integrated crop
protection technologies for improved productivity of
litchi

4. Integrated postharvest management to reduce losses,
improve marketing and product diversification

5. Litchi based farming system under changing climate
scenario

6. Improving knowledge and skill of stakeholders for
increasing production of litchi

The Centre regularly conducts training programmes and
activities for transfer of technology to farmers and various
stakeholders. Under the TSP and NEH component, the centre
has laid out structured programmes for area expansion and
technology dissemination in tribal belts and North Eastern
hill regions of the country.
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Gt § G forfaredr ey &9 9 gma o)

o oS 3R fafaefiera Y T § it ST garar tfeek qen
e Icdsi A (1.2-1.3 TT CO-eq il TR T )
ARAT TRAT| 36 AT bl THer @ fop faforefiepra 7R whignd
o offt=r T TaH e YT Ll 2l

eI U Wrier

o g fofS=T €@t S ICAR-IARI (FES), ICAR-IIAB
(T=lT), ICAR-NISA (T, ICAR-CICR, (AFTYY), ICAR-
CISH (S&S) o |1 HediT H 1l ot T&T 2l

Aeh-TehT EEATAROT

o WA 2025 % S 32 SHo=niieh Uieqor shrfshd Srnfsa
forg T 3 farfir= wfSreror wer foream nifafafert & wrem @
2000 ¥ 37fereh feqemeht st ersTfead foham mm

TuTeraTUt dter fararor

o TSEH, wey vowr, g, fafer, ufgm s, sfem,
SAETE, IRV YT, STRES, I TeT, F1deh 3T
forer & fopamt aer fafir fequmert st et 15,114 <= %
e ferafa/aes fre

e 2,000 3= TUTEIT T YR el gt o ferewor ue 42
foramt o ermar fmtor & qream @ SESTdE aE J§ o=
TR sTrsifaent fafordietor w awhaarEs Tearted
fopam T, mﬁéﬂrﬁm@ﬁ%mﬁaﬁmﬁw
qT 39 qoF ATell ST HHAT * St & fedn
RSl




ICAR

a1 Ufddcal ANNUAL REPORT 2025

Executive Summary

ICAR-National Research Centre on Litchi
commendable progress in basic and applied research

has made

under multi-disciplinary programme covering different
aspects of litchi viz., genetic resource management and
crop improvement, crop production, crop protection and
postharvest management. The Centre also conducted
training, organized outreach programmes and transfer of
technology activities to improve knowledge and to develop
skills of different stakeholders. A concise summary of
salient achievements during 2025 is presented here.

Research Accomplishments

Crop Improvement

e Clones NRCL-24 and NRCL-41-1 identified as elite
genotypes for yield traits, exhibiting consistently high
fruit weight, pulp weight, and pulp recovery.

e NRCL-16-2 recognized as a promising table-purpose
clone due to its high fruit and pulp weight with good
recovery.

e NRCL-22 recorded the highest TSS, indicating superior
sweetness and strong consumer preference potential.

e LI1P6 distinguished by attractive, uniform bright pink
to deep rose-red fruit colour with glossy appearance,
suitable for premium market segments.

e All mutagenic approaches resulted in significant

morpho-physiological variability, including altered
plant architecture and leaf traits. Gamma irradiation
(Co™) identified LD  at 46 Gy; higher doses (55—
100 Gy) enhanced mutation frequency but reduced
survival and growth, while generating novel. EMS
mutagenesis showed strong dose-dependent lethality;
~0.05% identified as optimal concentration for inducing

variability with acceptable seedling survival.

e A diverse panel of 42 Litchi germplasm evaluated for
fruit colour, physical, yield, and biochemical traits to
generate robust phenotypic data for GWAS. Substantial
phenotypic variability observed across all traits,
confirming the diversity and suitability of the germplasm
panel for association studies.

e A standardized litchi tissue culture protocol was developed
using leaf explants on MS medium containing 1 mg/L
6-BAP, 1.5 mg/L 2,4-D, and antioxidants. The most
effective sterilization method, involving 1.5% sodium
hypochlorite followed by 0.19% HgCl , achieved consistent
callus induction of 50-60%, with the highest success of
69.79%, providing a strong basis for shoot regeneration.

Molecular characterization of Indian litchi genetic
resources using SSR and ISSR based microsatellite
markers accomplished the documentation of the native
germplasm diversity based on microsatellite barcodes.
Cumulative marker analysis precisely arranged the
cultivars into Four groups. The results revealed high
levels of polymorphism but low overall gene diversity,
indicating that Indian litchi cultivars share a very narrow
genetic base.

Crop Production

Tree girdling adversely affects rhizosphere health,
significantly reducing AMF colonization (down to
~20%) and causing a sharp decline in beneficial
microbial populations, highlighting its negative impact
on soil biological balance.

In-situ mycorrhization as an effective strategy for
sustainable litchi production was established, improving
soil nutrient availability (P up to 66.6%, K up to
41.3%), enhancing plant nutrient uptake, and increasing
microbial activity in the rhizosphere.

DRIS norms for major and micronutrients were
developed for litchi under the surveyed conditions.
Nutritional Imbalance Index (NII) was calculated to
quantify overall nutrient imbalance. The order of major
yield-limiting nutrients was identified as: Nitrogen >
Zinc > Sulphur > Copper.

The DRIS approach proved effective in diagnosing
hidden nutrient imbalances beyond conventional soil
test-based recommendations.

Integrated nutrient management significantly increased
yield and soil fertility compared to control. Treatment
comprising 50% RDF + FYM 70 kg + Azotobacter
+ Trichoderma + Phosphorus Solubilizing Bacteria
produced yield at par with the full NPK dose.

A 50% reduction in chemical fertilizers was achieved
without yield loss under integrated nutrient management.
Integrated treatments improved soil organic carbon
and biological activity, indicating better soil health.
Sole application of chemical fertilizers reduced soil
respiration and organic carbon despite reasonable yield.

Leaf nutrient concentrations in litchi were found to be
highly seasonal and closely linked to crop phenology.
February was identified as a critical nutrient stress period,
particularly for phosphorus, potassium, and copper.
Micronutrients such as iron, manganese, and zinc showed



peak concentrations during flowering. The second leaf
pair exhibited the highest nutrient stability and was found
to be the most representative sampling unit.

study (2024-2025) conducted to
evaluate genotypic susceptibility and develop effective

Two-year field

management strategies for fruit cracking. Significant
genotypic variation observed, with cracking incidence
ranging from 2.16% (NRCL-4) to 16.14% (Shahi).

Under-canopy mini-sprinkler irrigation and preharvest
bagging emerged as most effective interventions. Mini-
sprinkler irrigation reduced fruit cracking (90.22%) and
scorching (78.80%) by lowering canopy temperature
(~4.3°C) and stabilizing microclimate.

Crop Protection

Identified panicle blight as the most critical yield-
limiting stage, with high incidence (up to ~92% in
farmers’ orchards), while confirming that disease
severity (percent panicles infected in a tree) remained
largely low (<20% in most trees), indicating localized
infection patterns.

Validated high efficacy of
(Thiophanate methyl, Fluopyram-based treatments),

systemic fungicides
reducing panicle blight to ~4.87% and significantly
enhancing yield (up to 45.27 kg/tree).

Demonstrated the potential of bio-stimulants (BS-01,
T-01, and their filtrates) in reducing disease severity,
minimizing fruit drop and borer incidence, and

improving fruit weight and quality.

Established that bio-stimulant treatments improve
post-harvest quality, by regulating enzymatic activity,
maintaining higher phenolic content, delaying browning,

and extending shelf life under ambient conditions.

Distinct seasonal pest dynamics were observed, with
low early activity, monsoon-driven shifts, and severe
late-season outbreaks, especially the geometrid looper
complex peaking around SMW 43, more intensely in
Shahi than China variety. Lepidopterans, particularly
litchi
weevils, and mango mealy bug showed cultivar- and

Perixera illepidaria, stink bug, coleopteran
stage-specific peaks, with mealy bug incidence strongly

linked to rainfall and crop phenology.

Clear sex-specific differences in olfactory sensitivity

were observed: males responded more strongly

to ethyl acetate, geraniol, decanol, undecane, and
[-caryophyllene, while females showed greater
responses to ecthyl acetate, nonanal, linalool, and

o-terpineol. These bioactive volatiles may support
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semiochemical-based pest management through
attractant or repellent systems after behavioral and field

validation.

Looper complex in litchi was dominated by Perixera
illepidaria, causing severe defoliation (up to 80%)
with strong seasonal outbreaks influenced by weather
factors such as wind speed, cloud cover, temperature,
and humidity.

Residue analysis indicated that spinosad and emamectin
benzoate are safer options due to minimal or no
detectable residues near harvest, whereas compounds
like thiacloprid, lambda-cyhalothrin, and novaluron
showed higher residue accumulation, emphasizing the
importance of spray timing for safe litchi production.

Litchi pollen dominated bee foraging during peak
bloom, but bees utilized diverse floral resources across
space and time; integration of supplemental flora and
timely hive placement (5—7 days before peak bloom)
can enhance pollination services, colony nutrition, and
overall litchi productivity.

Major pests in litchi agro-ecosystems included fruit
and shoot borer, leaf roller, stink bug, and litchi mite,
with borers causing the greatest damage through fruit
infestation, shoot injury, and premature fruit drop. At
the same time, abundant Braconidae parasitoids and
a diverse pollinator community dominated by Apis
mellifera highlighted the importance of integrating
biological control and pollinator conservation for
sustainable litchi production.

Postharvest Management and Value Addition

A stable and field-applicable formulation of Bacillus
subtilis (BS-01) with sustained viability up to one year
was developed, ensuring practical applicability for post-
harvest interventions.

Confirmed effective colonization and safety of BS-01
on fruit surface, significantly increasing microbial load
(~14,000-fold) without any adverse effects on fruit
quality or safety.

Demonstrated that BS-01-based treatments significantly
reduce fruit decay and browning, maintain biochemical
quality (phenolics, anthocyanin), and enhance shelf life
under both ambient and cold storage conditions.

Studies on variation in physio-chemical properties of
Shahi litchi during its marketing season establishes late
May (25-28 May) as the optimal harvest window for
‘Shahi’ litchi to achieve peak quality, nutrition, and
consumer acceptability.
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Uflex-based MAP is the most effective packaging
strategy for reducing postharvest losses and enhancing
shelf life and marketability during transportation.

Studies on optimization of sensory parameters of litchi
fibre riched cookies using RSM established that 5%
litchi pomace fibre, optimized using RSM (~190°C
and ~15 min), produces cookies with high sensory
acceptability (Desirability = 0.935), confirming its
potential as a value-added functional ingredient without
compromising quality.

An optimized hydrocolloid formulation, particularly S4
(1% CMC + 3% glycerol), produces microbiologically
safe (low water activity) and highly acceptable litchi
leather with superior colour and texture.

The dry-powder extraction method yields higher starch
recovery, better functional properties, and stable low-
moisture starch, making it a superior approach for
producing high-quality food-grade starch from litchi
seeds.

Hydrocolloid coatings effectively act as semi-permeable
barriers, reducing PLW, browning, and decay while
maintaining firmness and Vitamin C, thereby enhancing
the short-term shelf life and quality of fresh litchi.

Melatonin treatment (1.5-2.0 mM) effectively enhances
post-harvest quality by reducing browning and weight
loss while preserving color and Vitamin C, making it a
promising approach for extending litchi shelf life.

Lac-based coating T5 (NISA-03, 3:1 dilution) is the
most effective formulation, significantly improving
color retention, reducing PLW and decay, and extending
shelf life under both ambient and refrigerated conditions.

Optimized Ultrasound-assisted extraction conditions
(80% power with 50% aqueous alcohol) significantly
enhance bioactive recovery (TPC, TFC, antioxidant
activity), offering an efficient and sustainable method for
valorizing litchi seed waste into functional ingredients.

Carbonation of unclarified litchi RTS effectively
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enhances nutritional retention, storage stability, and
long-term sensory quality, making it a promising value-
added beverage.

Climate Resilient Litchi Farming

e The study of litchi-based integrated farming systems
in Bihar revealed six distinct farmer typologies with
significant differences in landholding, income, and
production systems, highlighting structural heterogeneity
in litchi farming

e Larger and diversified farming systems demonstrated
higher energy-use efficiency and lower carbon emissions
(12-1.3 t CO,eq ha”' yr'), which indicated that
diversified and integrated farming systems achieve the
best balance between productivity, economic returns,
and environmental sustainability

Linkages and Collaborations

e The Centre is working on different aspects in close
collaboration with other organizations (ICAR-IARI,
Jharkhand, ICAR-ITIAB, Ranchi, ICAR-NISA, Ranchi,
ICAR-NIPB, New Delhi, ICAR-CICR, Nagpur, ICAR-
CISH, Lucknow.

Transfer of Technology

e During the year 2025, 32 formal training programs
were organized and more than 2000 stakeholders were
benefitted through various training and extension
activities.

Production and supply of quality planting materials

e A total of 15,114 litchi saplings were distributed to
farmers /supplied to various stakeholders in Rajasthan,
Madhya Pradesh, Tripura, Sikkim, West Bengal, Odisha,
Chhattisgarh, Arunachal Pradesh, Uttarakhand, Uttar
Pradesh, Karnataka and Bihar.

e Successfully promoted litchi-based livelihood
diversification in tribal areas through distribution of
2,000 elite ‘Shahi’ planting materials and capacity
building of 42 farmers, strengthening adoption of
scientific cultivation practices and expanding area under
high-value horticulture.
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Research Accomplishments

1. Conservation, Characterization and

Utilization of Genetic Diversity for

Improvement of Litchi

1.1. Collection of indigenous and exotic
germplasm, their characterization,
evaluation, documentation and utilization

The evaluation of collected indigenous germplasm led to
the identification of several superior litchi clones exhibiting
desirable fruit quality traits. These superior clones were
selected based on consistent performance with respect to
fruit size, pulp recovery, sweetness (TSS), firmness, and
overall market acceptability. Their distinct phenotypic and
biochemical attributes indicate significant genetic variability
within the germplasm pool and provide valuable material
for varietal improvement, elite clone development, and

future breeding programmes. The performance of these
selected superior clones during early and late harvest stages
is presented in Tables 1.1 and 1.2. Clones NRCL-24 and
NRCL-41-1 consistently exhibited superior performance for
fruit weight, pulp weight, and pulp recovery percentage, and
thus emerged as elite genotypes for yield and edible portion.
NRCL-16-2 also showed high fruit and pulp weight with
good pulp recovery, suggesting its suitability as a promising
table-purpose clone. NRCL-22 recorded the highest total
soluble solids (TSS), indicating superior sweetness and
consumer preference potential. Clone L1P6 was distinguished
by its highly attractive and uniform fruit colour, making it a
promising selection for premium market segments. The fruits
exhibited a bright pink to deep rose-red pericarp with an
appealing glossy appearance at maturity (Fig. 1.1). The colour
development was uniform across the fruit surface, enhancing
visual appeal and consumer acceptability.

Table 1.1. Fruit quality attributes of superior litchi clones (Early harvested 17" May)

. Fruit  Pulp weight/Seed weight Peel weight Pulp TSS Acidity
Clone Firmness . .
weight (g) (2) (g) (2) recovery (%)  (°Brix) (%)

NRCL-13 740.00 18.20 9.40 3.40 3.80 51.64 19.57 0.80

+45.09 +0.31 +0.23 +0.12 +0.20 +0.83 +0.72 +0.07
NRCL-20 910.00 13.33 433 2.33 2.40 33.35 19.72 2.74

+70.95 +1.63 +0.18 +0.18 +0.00 +3.81 +0.16 +0.15
NRCL-20(1) 660.00 9.93 5.33 2.53 2.93 53.94 15.40 1.62

+28.87 +0.37 +0.18 +0.07 +0.07 +3.57 +0.06 +0.23

746.67 17.87 9.60 3.40 3.27 53.62 18.05 0.86
NRCL-24

+54.87 +0.64 +0.64 +0.20 +0.07 +1.82 +0.18 +0.06
NRCL-4 903.33 17.73 9.87 2.87 3.40 55.62 17.57 0.95

+38.44 +0.64 +041 +0.18 +0.12 +0.40 +0.55 +0.08
NRCL-41-2 870.00 18.53 9.07 4.33 3.47 48.91 15.82 0.78

+55.08 +0.37 +0.24 +0.24 +0.07 +0.54 +0.29 +0.10

773.33 18.20 9.80 3.60 3.53 53.90 17.92 0.92
NRCL-41-1

+82.53 +0.40 +0.12 +0.12 +0.18 +1.36 +0.37 +0.03

756.67 11.27 5.53 2.73 1.87 49.11 18.65 1.28
NRCL-63

+46.67 +0.27 +0.18 +0.18 +0.07 +1.05 +0.75 +0.03
SEm+ 55.24 0.71 0.32 0.17 0.11 2.08 0.46 0.11
SE(d) 78.12 1.01 0.45 0.24 0.16 2.94 0.65 0.16
CD (5%) 165.61 2.14 0.95 0.5 0.34 6.24 1.37 0.33
CV (%) 12.03 7.91 6.94 9.16 6.35 7.2 4.43 15.42

Table 1.2. Fruit quality attributes of superior litchi clones (Late harvested 30" May)

Pulp weight Seed weight Peel weight | Pulp recovery
(8) () () (g) (%) (°Brix)

NRCL-41-1 21.65+0.80a 13.99+0.77a  2.11+0.07d 3.73+£0.10c 64.59+2.33a 2430+0.31b
NRCL-24 21.31+022a 1422+020a 2.41=+0.06c 3.79+0.11¢c 66.73 £0.68a  22.73 +0.28c
NRCL-16-2 2024+196b 13.42+0.85a 2.99+0.16b 3.83£0.19¢ 63.01 £1.09a  18.87 £0.07¢
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Pulp weight Seed weight Peel weight | Pulp recovery
(2) (2 (2) (2) (%) (°Brix)

L1P6 (P) 1834+0.37b 10.24+0.18b  2.29+0.05d 3.77+0.12c 55.83+0.86c  22.23+£0.50c
L1P6-1 (P) 17.78 £ 0.06¢ 9.22+0.22¢ 2.36 +£0.15¢ 3.69 £ 0.14c 51.86+1.48d 19.77 +1.48d
NRCL-4-1 17.14+0.42¢c 1045+0.35b  2.18£0.09d 3.65+0.11c¢ 60.99+1.27b  17.53 +£1.50f
NRCL-16-1 16.98 £ 0.57c 9.25 +0.73¢c 2.54 £ 0.14c 4.19 £ 0.09b 5432+2.44c 2523 +0.09b
L7P1 (B-III) 16.11 £0.94c 7.44 +0.57d 2.44 +0.06¢ 4.57+0.18a 46.22+2.0le  19.90+0.17d
NRCL-70 15.89 + 0.54c 7.86 +0.40d 2.31+0.07d 3.72+0.10c ~ 49.41+1.62d 18.37 +0.35¢
NRCL-63 15.27 £0.02¢ 7.98 +£0.31d 2.34 +0.08d 3.95+0.12b 5227+1.11d  20.20+0.35d
NRCL-4-2 15.09 + 0.54c 8.88 +£0.40c 321+0.17a 4.41+0.12a 46.10+£1.89¢  21.50+0.06d
NRCL-29 14.69 £ 2.70c 5.58+0.19¢ 3.43+0.30a 4.46+0.17a 38.00+0.78f  19.97 +0.38d
NRCL-22 13.68£0.53d  6.16 +0.49%¢ 2.25 +0.08d 4.68 +0.28a 45.01 £1.43e  29.47+0.84a
B-1I 13.07 £ 0.49d 8.81 £0.35¢ 3.09+0.18a 4.44 +£0.12a 50.87+1.77d  18.50 + 1.82¢
L7P1 (R) 11.81£0.15d  6.87+0.07d 2.46 + 0.08c 348 +0.08d 45.89+0.6le 23.23+1.09¢
SEm =+ 0.98 0.49 0.18 0.18 333 0.84

CD (5%) 2.83 1.41 0.51 0.53 9.62 242

CV (%) 10.23 11.3 9.37 10.29 6.76

Fig. 1.1. Attractive coloured clone L1P6

1.2. Development of improved cultivars in litchi
through hybridization

A total of 6,202 flowers were pollinated across different
cross combinations during March, 2025. Initial fruit set
recorded on 29" March, 2025 was 1,654 fruits, resulting
in an overall fruit set of 26.67%, indicating successful
pollination and fertilization. Considerable variation in fruit
set percentage was observed among individual crosses and
panicles, reflecting differences in cross compatibility and
environmental influences. By 24™ April, 2025, only 205
fruits remained, indicating substantial fruit drop during
early developmental stages, a common phenomenon in
litchi. At final harvest (26" May, 2025), 143 fruits were

successfully harvested, representing effective retention of a
subset of the initially set fruits. Certain cross combinations
(e.g., Shahi x Kwai May Pink and China x Kwai May
Pink) showed comparatively better fruit set and retention,
indicating their potential suitability for hybrid development.
A total of 74 hybrid seedlings were found to be surviving in
the nursery. The highest number of surviving hybrids was
recorded in Shahi x Kwai May Pink (18) and Shahi x China
(18). No surviving hybrids were observed in Rose Scented x
Early Bedana, indicating poor establishment under nursery
conditions. All surviving hybrid plants are being maintained
in the nursery and will be transplanted to the field at the
appropriate stage for further morphological, physiological,
and horticultural evaluation.




Table 1.3. Summary of Hybridization in Litchi (2025)

Parameter

Total number of crosses (panicles) 179

Total flowers pollinated 6,202
Initial fruit set (29.03.2025) 1,654 fruits
Initial fruit set (%) 26.67 %
Fruits retained till 24.04.2025 205 fruits
Final fruits harvested (26.05.2025) 143 fruits

Major cross combinations
Hybrid seed availability

1.3. Mutation breeding for litchi improvement

Mutation breeding has emerged as a powerful tool for
expanding genetic variability and accelerating crop
improvement, particularly in perennial fruit crops where
conventional breeding is constrained by long juvenility and
narrow genetic bases.

Gamma irradiation induced mutagenesis

Fresh seeds were irradiated in two phases using a Co®y-
source: in 2022, with doses ranging from 5 to 50 Gy, which
resulted inhigher survival percentages and limited phenotypic
variation; and in 2023, with higher doses ranging from 55 to

L
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Observation

Shahi x Kwai May Pink, China x Kwai May Pink
Adequate for raising hybrid seedlings

100 Gy to increase the mutation frequency. Morphological
and physiological evaluations were subsequently conducted
on mutant populations generated from irradiation doses
above the estimated LD, (46 Gy) to maximize mutation
recovery and phenotypic variation. Analyses revealed that
increasing irradiation doses reduced plant survival, height,
canopy volume, and chlorophyll content, while inducing
significant morpho-physiological alterations (Table 1.4 and
1.5). Several novel phenotypes were identified, including a
climbing-type growth habit, dwarfism, compact canopies,
and altered leaf morphology (Fig. 1.2 and Fig. 1.3).

Table 1.4. Effect of different doses of gamma irradiation on morphological characteristics in litchi

Gamma Plant height Canopy volume
irradiation dose (8] (cm®)
WT 61.20" 127.79®
55 Gy 63.60" 132.80°
60 Gy 36.26° 75.71°%
65 Gy 45.00" 93.96*
70 Gy 28.16°" 58.80°
75 Gy 42,84 89.45%
80 Gy 44.40° 92.71°%¢
85 Gy 39.60" 82.68>
90 Gy 13.20° 27.56"
95 Gy 22.60%" 47.19%
100 Gy 18.20°" 38.00

LSD 21.98 45.90

Stem diameter Internodal
(mm) length (cm)
12.09* 116.93* 5.60%
6.47° 36.52° 6.90*
5.62% 28.96"¢ 5.72%®
5.79" 33.69"™ 2.78%
3.48% 10.06* 2.58%
5.80" 27.73%4 4,147
5.71% 26.60* 4.70%4
5.12% 22.28% 6.32%
2.01¢ 5.46¢ 1.56°
3.84%¢ 13.26°4 3.57°
2.00¢ 7.86% 1.68°
2.77 26.75 2.90

Table 1.5. Effect of gamma irradiation on physio-biochemical parameters of the mutant population

Gamma

irradiation dose

WT

55 Gy
60 Gy
65 Gy
70 Gy
75 Gy
80 Gy
85 Gy

73.35%
67.35%
46.01°
82.11%
92.80"
47.93°
59.01 *°
52.28°

91.93*
75.06°
87.85%
93.33°
93.33%
93.35°
88.96®
85.23°

Soluble protein Phenol Proline
(mg/g FW) (mg/g FW) (mg/g FW)

2.26" 64.08" 0.45
1.68% 27.02" 0.72*
1.33% 14.14 0.51¢
0.85 34.67° 0.41¢
1.62% 30.91% 0.55¢
1.70® 34.65 0.49 «
1.75% 55.36° 0.53"¢
1.18>¢ 29.86™ 0.57%*




Fig. 1.2. Representative mutant population of Litchi cv. Shahi

showing variation in leaf morphology and canopy compactness.

1.4 EMS induced mutagenesis

Ethyl Methane Sulphonate (EMS) is a potent chemical
mutagen extensively used for the induction of genetic
variability in fruit crops through point mutations. By
alkylating DNA bases, EMS primarily induces G/C to A/T
transitions, resulting in subtle but heritable genetic changes.
The effect of different EMS concentrations and treatment
durations on seedling survival is presented in Table 1.6. A
clear dose-dependent decline in survival percentage was

observed with increasing EMS concentration. While the
control recorded high survival (84% at 24 h and 86% at
48 h), even the lowest EMS concentration (0.05%) caused

Table 1.6. Seedling survival and percent reduction over control as affected by EMS concentration and treatment duration
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Phenol
(mg/g FW)

Proline
(mg/g FW)

Soluble protein
(mg/g FW)

Fig. 1.3. Climbing-type novel mutant phenotype observed in mutant
population (80 Gy) of litchi cv. Shahi, exhibiting a distinct climbing-type
growth habit characterized by elongated internodes and flexible shoots.

substantial reduction (71.43—69.77% over control). Further
increase to 0.10% and 0.15% drastically reduced survival
(2-10%), indicating high mutagenic intensity. Complete
lethality (100% reduction over control) was observed
at concentrations of 0.20% and above, irrespective of
treatment duration. These findings indicate that EMS exerts
strong mutagenic effects in litchi seedlings, and lower
concentrations (around 0.05%) may serve as a suitable range
for inducing genetic variability while retaining adequate
survival for mutant population development.

EMS conc. (%)

Duration
24 h
48 h
24 h
48 h
24 h
48 h

0.05

0.10

0.15

Survival (%) ‘ Reduction over control (%)

24 71.43
26 69.77
2 97.62
10 88.37
2 97.62

10 88.37




Survival (%)

‘ Reduction over control (%)

EMS conc. (%) Duration
24 h
0.20 48 h
24 h
0.25 48h
24 h
0.30 48h
24 h
0.50 43 h
24 h
Control 43 h

1.5 Colchicine induced mutagenesis

Colchicine is a well-known antimitotic agent used in
mutation breeding primarily for inducing polyploidy through
spindle fiber inhibition during cell division. By preventing
chromosome segregation at metaphase, colchicine leads to
chromosome doubling and the formation of polyploid or
mixoploid tissues. The effect of colchicine concentration
and duration of exposure on seedling survival is presented
in Table 1.7. Colchicine treatments significantly reduced
seedling survival, with higher concentrations and shorter
exposure durations generally exerting greater lethality.

0 100.00
0 100.00
0 100.00
0 100.00
0 100.00
0 100.00
0 100.00
0 100.00
84 -

86 -

However, moderate survival at 1.0-1.5% concentration
with 48 h exposure suggests a potential treatment window
for inducing polyploidy while retaining sufficient
plant population for mutant selection. Morphological
abnormalities observed in treated seedlings (Fig. 1.4 and
Fig. 1.5) further confirmed colchicine-induced effects.
These findings demonstrate the effectiveness of colchicine
in inducing cytogenetic and morphological variability in
litchi, thereby offering scope for the development of novel
genotypes through polyploid breeding approaches.

Table 1.7. Effect of colchicine concentration and duration of exposure on seedling survival and percent reduction over control

Survival (%)

Colchicine conc. (%) ‘ Duration

0.5
1.0
1.5
2.0

Control

‘ Reduction over control (%)

Fig. 1.4. Colchicine-induced mutant seedling of litchi cv. Shahi
showing abnormal morphology. The seedling exhibits twin shoot
emergence from the basal region, thickened and dark green leaves,
and a single, poorly branched and malformed root system. These
features are indicative of colchicine-induced meristematic disruption
and probable mixoploidy/polyploidization.

Fig. 1.5. Phenotypic variation in litchi seedlings following colchicine-
induced mutagenesis. Colchicine-treated plants exhibited altered
canopy architecture, reduced apical dominance, increased lateral

branching, thicker and darker green leaves, and irregular leaf
morphology compared to normal seedlings. Such morphological
deviations are indicative of colchicine-induced meristematic

disruption and possible mixoploidy or polyploidization.
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1.6. Creating variability in litchi (ICAR-AICRP
on Fruits)

Three-year-old half-sib seedlings populations (68) of
Litchi cv. Shahi were screened for plant growth and leaf
morphological parameters. Marked variability was observed
among the half-sib seedlings of litchi cv. Shahi (Table 1.8,
Fig. 1.6).
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Fig. 1.6. Morphological variability among the half-sib seedlings of
litchi cv. Shahi

Table 1.8. Variation in plant growth parameters of the half-sib seedlings populations of Litchi cv. Shahi

Plant height (m) E-W (m) N-S (m) Stem girth (cm) = Canopy Volume (m’)
mean 1.32 0.85 0.91 33.47 4.05
std 0.60 0.52 0.56 19.50 5.55
min 0.35 0.15 0.19 5.08 0.02
max 2.50 2.20 2.50 73.66 28.25

1.7. Evaluation of small seeded litchi variety
(MLT-1 under ICAR-AICRP on Fruits)

The comparative morphological evaluation of two small-

seeded litchi varieties, Early Bedana and Swarna Madhu,
revealed distinct differences in vegetative growth parameters
(Table 1.9, Fig. 1.7).

Table 1.9. Plant growth parameters of litchi varieties Early Bedana and Swarna Madhu

Variety Plant height (m) E-W ant sprea S (m) Stem girth (cm) = Canopy volume (m®)
Early Bedana 1.054 0.497 0.538 15.268 1.079
Swarna Madhu 0.998 0.981 0.942 13.885 3.024
F-value 0.097 5.231 3.449 0.201 1.990
p-value 0.760 0.036 0.082 0.660 0.177
NS Significant NS NS NS

Fig. 1.7. Morphological variability among the small seeded litchi

varieties Early Bedana and Swarna Madhu

1.8. Mapping of gene(s)/QTLs for economically
important traits in litchi through
genome-wide association studies (GWAS)

Phenotyping of litchi germplasm for fruit quality traits

A diverse panel of 42 litchi (Litchi chinensis Sonn.)
germplasm was phenotyped for fruit colour, physical,

and biochemical quality traits to generate high-quality
phenotypic data for genome-wide association studies
(GWADS). Phenotypic data were analyzed using analysis of
variance (ANOVA) to assess the significance of genotypic
effects. Descriptive statistics including mean, standard
error of mean (SEm), least significant difference (LSD at
P =0.05), and coefficient of variation (CV) were computed
to quantify phenotypic variability and data reliability.
Considerable phenotypic variation was observed among
the litchi germplasm for all fruit colour, physical, yield
and biochemical quality traits, indicating a diverse panel
suitable for GWAS (Table 1.10). The observed wide range
and moderate-to-high variability of traits confirm the
robustness of the phenotypic dataset and its suitability for
genome-wide association analysis in litchi. Several top-
performing germplasm and elite trait-specific donors were
identified for key traits such as fruit weight, pulp recovery,
TSS, and fruit morphology, providing valuable resources
for litchi improvement (Table 1.11).
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Table 1.10. Descriptive statistics of fruit quality traits in litchi germplasm

Trait Mean SD
25.03 5.52
a* 15.33 4.45
b* 17.46 3.76
Firmness (g) 855.05 121.28
Fruit length (mm) 45.09 3.00
Fruit width (mm) 41.66 2.10
Fruit weight (g) 18.41 2.61
Pulp weight (g) 9.20 2.40
Seed weight (g) 2.97 0.88
Peel weight (g) 1.83 0.46
Pulp recovery (%) 49.37 8.03
TSS (°Brix) 22.67 2.51
Acidity (%) 0.95 0.51

SEm____ Minimum
0.49 12.32 43.44 22.07
0.40 4.07 25.78 29.00
0.34 11.86 28.02 21.54
10.80 588.00 1460.00 14.18
0.27 33.49 53.52 6.65
0.19 36.49 46.51 5.05
0.23 12.82 24.85 14.18
0.21 4.13 15.11 26.10
0.08 1.01 4.38 29.54
0.04 0.94 3.63 25.03
0.72 27.49 66.72 16.27
0.22 12.60 26.00 11.05
0.05 0.13 3.25 53.81

Table 1.11. Top-performing litchi germplasm based on pulp recovery, fruit weight and TSS

Key superiority traits

Germplasm ‘
Bedana Selection (Sabour) Highest pulp weight and high TSS
Kwai May Pink Maximum pulp recovery (%)
Gandaki Sampada High TSS and stable pulp recovery
Ajhauli High fruit weight and pulp recovery
Gandaki Lalima Balanced fruit size and sweetness
Bedana Consistently high TSS
CHL-3 Good pulp recovery with moderate fruit size
Green Moderate yield with low acidity
Shahi Stable performance across traits
Bedana (NAGS) Acceptable pulp recovery and quality

1.9. Standardization of tissue culture techniques
for propagation and multiplication of litchi

The journey toward standardizing litchi tissue culture
began with the foundational realization that conventional
propagation is too slow and genotype-dependent for
commercial needs. To counter this, we have initiated a
series of experiments using mature leaf explants as well as
young leaf explant, placed on a precisely formulated MS
medium containing 1mg/L of 6-BAP and 1.5 mg/ of 2,4-D,
along with 250mg/L of citric and ascorbic acids to prevent
lethal browning. The early phases, TCE-1 and TCE-2,
faced immediate hurdles as sterilization with 1.5% sodium
hypochlorite for up to 20 minutes failed to prevent massive
fungal contamination. Even when the sterilant was switched
t0 0.1% HgCl for 15 minutes in TCE-3, the results remained
discouraging, with only 8 out of 126 test tubes showing
any callus formation while the rest succumbed to fungi. A
dramatic shift occurred in TCE-4 when the antibacterial
Cefixim and antifungal Fluconazole were introduced; while
they successfully created a sterile environment in all 276
test tubes, they unfortunately proved toxic to the plant
tissues, resulting in zero callus growth.

This setback led to the critical breakthrough in TCE-6,
where a dual-sterilization protocol was adopted—treating
explants with 1.5% sodium hypochlorite for 5 minutes
followed by 0.1% HgCl, for 15 minutes. This specific
sequence balanced the harshness of the chemicals with the
need for sterility, finally yielding significant results such
as 76 successful callus formations out of 120 tubes. As
the research progressed into the optimization phase across
41 distinct phases of TCE-6, success rates consistently
hovered between 50% and 60%. This set the stage for the
most recent comparative trials between TCE-8, TCE-9, and
TCE-10. While TCE-8 (Kwai Mi Pink cultivar) achieved
a 51.85% success rate, it was TCE-9 using the Shahi
variety that emerged as the gold standard. By utilizing a
balanced 10-minute exposure for both sodium hypochlorite
and mercuric chloride, TCE-9 achieved the highest callus
induction efficiency recorded at 69.79%.

The resulting callus, typically observed after 3 to 4 weeks
of incubation at 25° + 2°C, is characterized by a compact,
healthy texture and a creamy white to light yellow hue. To
ensure biological stability before regeneration, this callus
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was meticulously subcultured four times at one-month
intervals. Currently, these stabilized cultures have been
transitioned into the shoot initiation phase, where they
are being tested across eight different media variations,
primarily utilizing 6-BAP concentrations ranging from
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2 mg/ to 16mg/L paired with 0.2 mg/L of NAA to trigger
the first signs of green shoot development. This ongoing
progress provides a robust foundation for the future goals
of root induction and the eventual acclimatization of these
lab-grown plantlets for large-scale agricultural use.

Table 1.12. Details on the callus formation in different experiments.

. No. of Test No. of Callus
Experiment
Tubes Formed
TCE®6 (29 ) phase) 60 34
TCE6 (30" phase) 48 27
TCE6 (3 IStdphase) 72 39
TCE6 (32“d phase) 72 37
TCE6 (33" phase) 84 45
h
TCE6 (34’h phase) 72 36
TCE6 (35 phase) 84 44
h
TCE6 (36th phase) 72 39
1
TCE6 (37 phase) 48 27
TCE6 (38" phase) 120 73
th
TCE6 (39 phase) 108 58
TCE6 (40 phase) 108 55
TCE6 (41" phase) 96 56
TCES 108 56
TCE9 96 67
TCE10 96 62

Note: TCE-1: sterilant - 1.5% Sodium Hypochlorite (15
min), explants were immersed in liquid MS medium
containing 250 mg/L each of citric acid and ascorbic acid
for one hour to prevent browning, Solid MS media having
1 mg/L of 6-benzylaminopurine (6-BAP), 1.5 mg/L of
2,4-dichlorophenoxyacetic acid (2,4-D), and incubation
in MS media containing 250 mg/L each of citric acid and
ascorbic acid, TCE-2: sterilant - 1.5% Sodium Hypochlorite
(20 min) + TCE-1, TCE-3: sterilant - 0.1% HgCl2 (15 min) +
TCE-1, TCE-4: sterilant - 0.1% HgCl (15 min), antifungal
(fluconazole) & antibacterial (cefixim) explants + TCE-1,
TCE-5: sterilant - 0.1% HgCl2 (15 min), TCE-1 and TCE-6:
sterilant - 1.5% sodium hypochlorite for 5 minutes followed
by triple rinsing with double-distilled water, then sterilized
with 0.1% HgCl, for 15 minutes and again washed thrice
with double-distilled water; + TCE-1, TCE-8: TCE-6 +
0.1% HgCl, (15 mins) + mature leaf explant, TCE-9: TCE-
6 + 0.1% HgCl, (10 mins) + mature leaf explant, TCE-10:
TCE-6 + 0.1% HgCl, (5 mins) + mature leaf explant

1.10.Molecular  characterization of
cultivars using microsatellite markers

litchi

Sixty novel EST based SSR primers were designed based on
bioinformatic analyses for screening of the litchi genotypes
using in-house developed perl script programme. Fresh

No. of Fungal No Growth/ No Callus

Contamination | Contamination Formation %
8 18 56.66
7 14 56.25
9 24 54.16
10 25 51.38
10 29 53.57
9 27 50.00
9 31 52.38
8 25 54.16
6 15 56.25
11 36 60.83
9 41 53.70
11 42 50..92
10 30 58.33
25 27 51.85
19 10 69.79
22 12 64.58

genomic DNA was isolated from 39 varieties of litchi. The
thermal profiling of the PCR protocol was calibrated with
reference to the new set of primers.

[
o
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Fig. 1.8. Gel photograph of PCR amplified product showing

polymorphism




The polymorphism study revealed, out of 60 SSR based
primers, twelve of these were showing differential
amplification pattern among the 39 genotypes. Forty-two
IISR primers were also deployed for screening of these
genotypes, out of which 37 ISSRs showed polymorphism
pattern (scorable) during initial screening. Clear,
reproducible bands were scored as present (1) or absent (0)

for SSR & ISSR markers.

For SSR markers, allele sizes were recorded based on band
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position. To obtain genetic similarity analysis, a binary data
matrix was generated from marker scores. Pairwise genetic
similarity coefficients were calculated. Dendrograms were
constructed using the UPGMA (Unweighted Pair Group
Method with Arithmetic Mean) using NTSYS 2.0 software.
Cultivars were grouped based on genetic similarity. Cluster
groupings were generated based on the molecular banding
pattern.
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Fig 1.9. Dendrogram depicting genetic relationship among Indian litchi cultivars using molecular markers

The results revealed high levels of polymorphism but low
overall gene diversity, indicating that Indian litchi cultivars
share a very narrow genectic base. Among the marker
systems, IISR markers showed the higher polymorphism
compared to SSR; ISSR markers effectively complemented
SSRs, making their combined use suitable for cultivar
identification and genetic analysis. The cumulative
microsatellite data showed strong potential for generating

DNA barcodes for reliable cultivar discrimination.

Phylogenetic analysis grouped the cultivars into four major
clusters corresponding broadly to known horticultural
groups: Shahi, China, Bedana and Longia types. Importantly,
molecular clustering largely aligned with morphological
traits such as fruit shape, leaf characteristics, and panicle
structure. Overall, the study demonstrates that despite
apparent phenotypic variation, Indian litchi cultivars are
genetically very similar, likely due to limited introductions
and clonal propagation.

2. Development and Refinement of

Integrated Production Technologies
for Improved Productivity of Litchi

2.1. Investigation on mycorrhizal association
and role of bio-fertilizers for sustainable
production of litchi

The present investigation was undertaken to study the role
of arbuscular mycorrhizal fungi (AMF) and associated
biofertilizers in improving rhizosphere health, nutrient
dynamics and sustainability of litchi production systems.
During 2025, the project experiments was focused on (i)
understanding the effect of tree girdling on mycorrhizal
colonization and rhizosphere microbial population, and
(i) evaluating the impact of in-situ mycorrhization on soil
nutrient availability, plant nutrient status and microbial
activity in litchi orchard ecosystem.
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Effectof tree girdling on mycorrhizal colonization
and rhizosphere microbial population

The experiment was conducted to assess the impact of tree
girdling on AMF colonization and dynamics of rhizosphere
microbial population in litchi. The results indicated that AMF
colonization was consistently higher in non-girdled trees as
compared to girdled trees throughout the observation period. At

Table 2.1. AMF colonization (%) of fine roots of litchi
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the initial stage, AMF colonization was 58.7% in non-girdled
trees as against 44.9% in girdled trees; however, a sharp decline
was observed in girdled trees to 19.03% after three months,
whereas non-girdled trees maintained stable colonization
(57.9%). After six months, total colonization further increased
to 71.18% in non-girdled trees, while it remained significantly
lower (20.95%) in girdled trees (Table 2.1).

‘ 0D ‘ 3M ‘ oM
Treatment
A \'% A+V Total A \% A+V Total A \% A+V Total
31.7 14.62 6.03
9.3 3.9 14.73 2.77 1.53 0.30
Girdled (27.7- (5.7-12.9) (3.1-3.6) 44.90 (9.7-18.3) (2.3-9.9) (1.3-2.01) 19.03 (11.9- (5.92- (0.0-0.5) 20.95
33.6) . . 1-3. . . .3-9. 3-2. 22.8) 9.70) .0-0.
36.4 15.9 38.10 12.19 758 42.99 1691 11.28
Non-girdled (33.3- (10.4- ’ 58.70 (30.9- ' ) 57.87 (343- | (12.70- (9.10- 71.18
3.9-6.3 9.0-12.3) (3.6-6.9
36.9) 16.0) ( ) 39.3) ( ) ( ) 44.25) 19.05) 12.30)

*Value in parenthesis is range

0 D = Before Girdling 3 M = 3 Months after girdling 6 M=
6 months after girdling

A=Arbuscular colonization V= Vesicular colonization
A similar trend was observed in the population dynamics
of key rhizosphere microorganisms. In girdled trees, a

drastic decline in microbial population was recorded over
time, wherein Trichoderma spp. decreased from 60.13 to

1.54 cfu x10%10 g soil, phosphate-solubilizing bacteria
from 54.29 to 1.3 cfu x10%10 g soil, and Azotobacter
spp. from 17.45 to 1.62 cfu x103/10 g soil. In contrast,
non-girdled trees maintained relatively higher and stable
microbial populations throughout the study period (Table
2.2). These results clearly indicate that girdling adversely
affects mycorrhizal association and significantly disrupts
the microbial balance in the rhizosphere.

Table 2.2. Dynamics of microbial population in rhizosphere of girdled and non-girdled trees

Treatment (T) SN
girdling
Trichoderma spp. (cfux10*/10 g of soil)

Girdled 60.13 47.36 37.98 34.49

Non-girdled 67.80 74.69 72.28 66.90
T

LSD (p<0.05) 1.63

SEm (+) 0.53

Phosphate Solubilising Bacteria (cfu x10°/10 g of soil)

Girdled 54.29 42.96 35.67 30.23

Non-girdled 62.10 55.34 56.95 55.98
T

LSD (p<0.05) 1.34

SEm (+) 0.46

Azotobacter spp. (cfu x10°/10 g of soil)

Girdled 17.45 14.61 11.21 9.76

Non-girdled 23.00 21.59 19.54 16.30
T

LSD (p<0.05) 1.23

SEm (+) 0.35

Time duration interval (D)

15 DAG 1 Month 2 Month 3 Month 4 Month 5 Month 6 Month 7 Month 8 Month

25.00 19.30 15.20 11.00 5.80 1.54
63.90 9.78 53.48 53.99 50.92 47.72
D TxD
3.06 4.02
1.05 2.08
25.12 19.52 15.48 6.6 6.0
49.19 45.36 51.41 43.20 50.36
D TxD
3.13 4.19
1.11 1.63
6.90 5.20 2.96 2.0 1.92 1.62
18.20 15.89 18.54 17.30 16.47 18.05
D TxD
2.71 3.10
1.01 1.30




Fig. 2.1. A litchi tree of cv. ‘China’at fruiting stage having girdling in

two primary branches at NRCL farm

Effect of in-situ mycorrhization on nutrient availability
and microbial activity

The effect of in-situ mycorrhization using AMF culture along
with finger millet (Eleusine coracana) as a host crop was
evaluated under field conditions. The results demonstrated a
positive influence of mycorrhization on soil nutrient status,
plant nutrient uptake and microbial activity in the rhizosphere.

(1) Soil nutrient content (N, P, K): The available
macronutrients in rhizospheric soil showed a consistent
improvement under in-situ mycorrhization across the
observation period. Nitrogen content increased by up to
8.9%, indicating gradual enrichment of soil fertility, while
phosphorus exhibited a substantial increase (up to 66.6%),
reflecting enhanced solubilization and mobilization under
AMF association. Potassium availability also improved
considerably (up to 41.3%), suggesting better nutrient
cycling and retention in the rhizosphere. In contrast, the
untreated control showed either marginal improvement or
a declining trend in these nutrients over time.

(i) Micronutrient content (S, Zn, Cu, Fe): Among
micronutrients, sulphur content showed a notable
increase (up to 30%), indicating improved sulphur
dynamics under mycorrhizal influence. Copper

content also exhibited moderate enhancement (up to

14.52%). However, zinc and iron showed marginal

variation with slight fluctuations, suggesting relatively

limited response under the existing soil conditions.

The control plots, in general, showed a declining or

non-significant trend for these micronutrients.

(ii1) Leaf nutrient content (N, P, K): Leaf nutrient analysis
indicated improvement in nitrogen and phosphorus
content in mycorrhiza-treated trees, reflecting

enhanced nutrient uptake efficiency. Phosphorus

content increased markedly (up to 30%), which is
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consistent with the role of AMF in improving P
acquisition. Nitrogen showed moderate improvement,
while potassium exhibited only slight variation, with
a relatively smaller decline in treated trees compared
to control. These observations indicate improved
translocation of nutrients from soil to plant system
under mycorrhizal association.

(iv) Microbial activity (soil respiration): Soil microbial
activity, measured in terms of soil respiration,
showed a consistent increase ranging from 2.52
to 11.76% in mycorrhiza-treated trees, indicating
enhanced biological activity and carbon turnover
in the rhizosphere. In contrast, a significant decline
(—13.89%) was observed in the control.

Fig. 2.2. In-situ mycorrhization in litchi orchard showing
establishment at 3 weeks after sowing (left) and flowering stage at 3

months after sowing (right)

These results clearly indicate that in-situ mycorrhization
enhances nutrient availability, particularly phosphorus and
potassium, improves plant nutrient uptake, and stimulates
microbial activity in the rhizosphere. The findings were
consistent with earlier observations, with comparatively
improved response observed in the current year.

Overall, the study during 2025, highlights the critical role of
intact plant physiological processes and beneficial microbial
associations in sustaining rhizosphere functionality. While
girdling is known to influence reproductive behaviour, it
adversely affects AMF colonization and microbial dynamics. In
contrast, in-situ mycorrhization emerges as a promising approach
for enhancing nutrient use efficiency and soil biological health,
thereby supporting sustainable litchi production systems.
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2.2 Management of fruit cracking in Litchi

Fruit cracking and scorching are critical physiological
disorders limiting the productivity and marketability of litchi
(Litchi chinensis Sonn.), particularly in the commercially
important cultivar ‘Shahi’ (Fig. 2.3). A two-year (production
season of 2024 and 2025) field investigation was conducted
at the ICAR-National Research Centre on Litchi,
Muzaffarpur, India, comprising two parallel experiments:
(1) evaluation of litchi genotypes for susceptibility to fruit
cracking and scorching, and (ii) assessment of management
strategies in cv. ‘Shahi’. Significant genotypic variation
was observed, with cracking incidence ranging from 2.16%
(‘NRCL-4’) to 16.14% (‘Shahi’) (Fig. 2.4). Among the
tested interventions, under-canopy mini-sprinkler irrigation
and preharvest bagging were the most effective, reducing the
incidence of cracking by 90.22% and 78.24% and scorching
by 78.80% and 87.76%, respectively (Table 2.3). Mini-
sprinkler irrigation lowered canopy temperature by 4.3°C

Kwai May Pink
NRCL-4
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Cracking

and maintained a stable microclimate (Fig. 2.5). Integrating
genotype selection and microclimate regulation-based
management provides an effective and sustainable strategy
to mitigate cracking and scorching in sensitive cultivar such
as ‘Shahi’, supporting climate-resilient litchi production
systems.

Fig. 2.3. Comparative expression of physiological disorders in litchi: (a,

¢) fruit cracking and scorching in ‘Shahi’ (b) fruit cracking in ‘Bedana’.

16

g L

Incidence (%)

Secorching

Fig. 2.4. Heatmap illustrating genotypic variation in fruit cracking and scorching incidence among 40 litchi genotypes. The color gradient

represents increasing disorder severity from low (blue) to high (red) incidence (%).
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Table 2.3. Effectiveness of different management strategies on fruit cracking and scorching incidence in litchi cv. ‘Shahi’.

Management intervention Fruit cracking incidence (%) | Fruit scorching incidence (%)

Seaweed extract (Kappaphycus alvarezii)

5.38 £0.91" (60.44)

7.93 + 4.39"(48.10)

T2 Seaweed extract (4scophyllum nodosum) 6.39 + 1.41*(53.01) 6.99 + 1.14**(54.25)
T, Seaweed fortified granules 6.70 £ 1.59* (50.74) 7.93 £ 0.82°(48.10)
T, Boron 7.60 £ 2.77% (44.12) 9.48 +£3.71*(37.96)
T, Salicylic acid @ 50 ppm 5.44 + 1.71(60.00) 8.47 +2.14*(44.57)
T, Salicylic acid @ 100 ppm 9.03 £ 2.75%(33.60) 11.75 £2.36™(23.10)
T, Melatonin @ 250 uM 9.12 + 1.74*(32.94) 8.82 + 1.20™(42.28)
T, Melatonin @ 500 uM 6.45 +2.50™(52.57) 7.06 £ 2.05"* (53.80)
T, Jasmonic acid @ 250 uM 8.74 + 1.86™(35.74) 7.73 + 1.34**(49.41)
T, Jasmonic acid @ 500 pM 6.80 £ 2.35°4(50.00) 7.85 £ 3.04° (48.63)
T, Bagging with pink polypropylene bags 3.89 + 1.99"4(71.40) 2.16 + 0.44%(85.86)
T, Bagging with white polypropylene bags 2.96 £ 1.72(78.24) 1.87 £ 0.50°(87.76)
T, Under canopy mini-sprinkler 1.33 £ 0.65(90.22) 3.24 £ 0.41°(78.80)
T, Mid-canopy mini sprinkler 3.72 £ 1.44"4(72.65) 3.32 £ 1.50°°(78.27)
T, Control 13.60 = 1.07%(0.00) 15.28 +1.5%(0.00)
F-value F-Probability | LSD | F-value F-Probability | LSD
Treatment 2.32 <0.05 5.72 2.45 <0.05 6.51
Year 0.65 <0.05 2.09 @ 0.01 <0.05 2.38
Treatment*Year 0.26 <0.05 3.79 0.23 <0.05 3.89
Ho =& = Mini-sprinkler === Control A long-term field experiment was conducted with eight
g : [ treatments involving different combinations of chemical
E b fertilizers, farmyard manure (FYM), and bio-inoculants.
ol - Treatments ranged from full recommended NPK doses
E I ) to reduced fertilizer levels integrated with organic and
? f? o --T S biological inputs, along with control plots. Soil nutrient
S ot {.-h SEm——T T status, soil respiration, organic carbon, and fruit yield
= ——— _m&;_m G 207t 09 of it were recorded to evaluate productivity, soil health, and
developenmt)  development)  development)  development) environmental impact of different nutrient combinations.
FReRmogion’ Ciapeeof Lkl on. o The study demonstrated that integrated nutrient

Fig. 2.5. Comparison of canopy temperatures between mini-sprinkler
and control treatments during fruit development stages (BBCH 703—
709) in cv. ‘Shahi’. Mini-sprinkler irrigation consistently lowered
canopy temperature by 3.0-5.5°C, reducing thermal stress associated

with cracking onset. Error bars indicate standard error.

2.3. Integrated soil health management for
quality litchi production

Declining soil fertility and excessive dependence on
chemical fertilizers are major constraints to sustainable litchi
production. Integrated nutrient management combining
organic, inorganic, and biological inputs offers a promising
strategy for improving soil health, yield stability, and
environmental sustainability. This project was undertaken
to identify optimum nutrient combinations that improve
yield while enhancing soil biological health and reducing
chemical fertilizer dependence.

management significantly enhanced both yield and soil
fertility in litchi compared to control conditions. Among the
treatments, the combination of 50% recommended dose of
fertilizers (RDF) with FYM at 70 kg per plant along with
bio-inoculants such as Azotobacter, Trichoderma, and
phosphorus solubilizing bacteria proved highly effective,
producing yields comparable to the full NPK dose. This
clearly indicates that chemical fertilizer inputs can be
reduced by up to 50% without compromising productivity
when supplemented with organic and biological sources.
The integrated treatments also improved key soil health
indicators, including soil organic carbon and microbial
activity, reflecting better biological functioning of the soil.
In contrast, the sole application of chemical fertilizers,
although maintained reasonable yield, led to a decline in soil
respiration and organic carbon levels, indicating long-term
soil degradation risks. Control plots exhibited the poorest
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performance with severe nutrient depletion and the lowest
yield levels. Overall, the results highlight the superiority
of integrated approaches over conventional fertilizer use.
The findings emphasize the importance of combining
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organic, inorganic, and biological inputs for sustainable
litchi production. These outcomes provide strong scientific
evidence for

reducing chemical dependency while

maintaining productivity.

Table 2.4. Integrated treatment effect on yield, soil nutrients, and biological parameters

N

(kg ha™)

Treatment (kg ha™) (kg ha™) lel:n(:;g/ CO, efflux* | SOC (%)
(1000:550:1000) + FYM 35 kg + ATP** | 303.57 a 3481 a 166.04 a 56.58 a 1.23b 0.31 ab
(500:275:500) + FYM 70 kg + ATP 298.07 a 20.60 b 127.43 b 49.83 a 1.56 a 0.37 a
(1000:550:1000) 295.01 a 2391b 142.64 b 51.67 a 0.50d 0.19¢
(500:550:1000) + FYM 70 kg + ATP 296.67 a 36.27 a 17743 a 45.42 ab 1.51a 0.36 a
(500:550:1000) + FYM 35 kg + ATP 286.32ab = 27.77 a 142.08 b 45.42 ab 1.28b 0.29b
FYM 70 kg + ATP 259.76 bc = 19.79b 107.81 ¢ 41.25 be 1.61 a 0.36 a
FYM 35 kg + ATP 251.06bc | 15.15¢ 96.58 ¢ 40.83 be 1.29b 0.28b
Control 236.36 ¢ 11.08 ¢ 80.14 c 30.12 ¢ 0.77 ¢ 0.18 ¢
SE(m) + 4.27 2.72 5.69 2.59 0.015 0.005
CD (P=0.05) 12.01 8.25 17.25 7.28 0.046 0.02

*CO, efflux in (g CO, m 2 h™"); **ATP — (Azotobacter + Trichoderma + Phosphorus Solubilizing Bacteria)

Based on the findings of the study, the integrated nutrient
management strategy involving 50% RDF combined with
FYM at 70 kg per plant along with bio-inoculants such as
Azotobacter, Trichoderma, and phosphorus solubilizing
bacteria is strongly recommended for litchi orchards. This
approach not only sustains yield levels comparable to full
chemical fertilization but also enhances soil health and
environmental sustainability. Farmers are advised to reduce
chemical fertilizer application by up to 50% when it is
integrated with organic manures and beneficial microbial
inputs.

2.4 Understanding of seasonal variation on
leaf nutrient dynamics of litchi and
standardization of leaf sampling technique
for alluvial plains of Bihar

Leaf nutrient analysis is a reliable tool for diagnosing
nutrient status in perennial fruit crops, but its accuracy
depends on proper sampling time and leaf position. In
litchi, nutrient concentrations vary with season and plant
phenology, leading to inconsistencies in diagnosis and
fertilizer recommendations. This project was undertaken
to study seasonal nutrient dynamics and standardize a
representative leaf sampling method for the alluvial plains
of Bihar.

Monthly leaf samples of litchi cv. Shahi were collected and
analyzed for major and micronutrients to assess seasonal
nutrient fluctuations. The study covered a full annual cycle
to capture phenology-driven nutrient changes. In a parallel
experiment, different leaf pair positions were evaluated to

identify the most representative leaf for nutrient diagnosis.
Nutrient concentrations were statistically analyzed to
determine seasonal trends and sampling standards.

Manthly Leaf Nitrogen Content (Mean = SE)
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Fig. 2.6. Monthly leaf nitrogen content 2024-2025
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Fig. 2.8: Monthly leaf Potassium content 2024-2025

The study revealed that leaf nutrient concentrations in
litchi exhibit significant seasonal variation and are strongly
influenced by crop phenology. A distinct pattern of nutrient
fluctuation was observed throughout the year, indicating
the importance of timing in nutrient diagnosis. Among
the different periods, February emerged as a critical stage
of nutrient stress, particularly for essential elements such
as phosphorus, potassium, and copper. This suggests that

Table 2.5. Litchi leaf nutrient content at monthly interval
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nutrient management interventions are especially crucial
during this phase. Furthermore, micronutrients including
iron, manganese, and zinc showed maximum accumulation
during the flowering stage, highlighting increased
physiological demand during reproductive growth. The
findings also emphasized that nutrient dynamics are not
uniform across seasons and must be interpreted carefully for
accurate recommendations. In the evaluation of leaf sampling
positions, it was observed that nutrient concentrations varied
among different leaf pairs. The second leaf pair consistently
exhibited the least variation and highest stability in nutrient
content. This stability makes it a reliable indicator for
assessing plant nutrient status. Therefore, the second leaf
pair was identified as the most representative sampling
unit for litchi. Standardizing this sampling approach can
improve the accuracy of nutrient diagnosis and fertilizer
recommendations. Overall, the study provides a scientific
basis for optimizing both the timing and method of leaf

sampling in litchi cultivation

Sep-24 2.08 0.18 0.93
Oct-24 1.68 0.24 0.96
Nov-24 1.76 0.23 1.20
Dec-24 1.78 0.22 1.09
Jan-25 1.68 0.20 1.06
Feb-25 1.58 0.08 0.85
Mar-25 1.84 0.15 0.83
Apr-25 1.64 0.13 0.91
May-25 1.94 0.13 0.94
Jun-25 1.44 0.12 0.92
Jul-25 1.62 0.13 0.94
Aug-25 1.69 0.15 0.89
SE(m) 0.03 0.01 0.02
CD (5%) 0.08 0.02 0.06
2.5. Nutrient management in Litchi (Litchi

chinensis Sonn.) orchard using Diagnosis and
Recommendation Integrated System (DRIS)

Balanced nutrition is a key factor influencing productivity and
fruit quality in litchi orchards, yet most orchards are managed
without scientific nutrient diagnosis. Conventional fertilizer
recommendations are often generalized and do not reflect
nutrient imbalances at orchard level. Therefore, a DRIS-based
approach was undertaken to develop nutrient norms and identify
yield-limiting nutrients in litchi under field conditions.

(0} Mn
(ppm) (ppm)

16.77 11.50 10.30 96.80
14.77 8.90 11.30 87.00
15.60 7.80 9.00 62.60
19.80 11.60 10.80 75.80
22.40 6.90 7.00 95.70
19.90 6.50 15.60 149.50
19.40 5.80 12.50 74.60
17.90 6.30 12.10 81.20
16.30 6.70 13.10 120.10
16.01 7.50 13.00 114.20
15.60 5.90 13.80 90.00
14.80 6.50 10.70 65.70
0.17 0.28 0.28 3.90

0.50 0.82 0.82 11.50

A systematic survey of litchi orchards was conducted across
the target region. Leaf and soil samples were collected
during March along with GPS coordinates, and fruit yield
data were recorded at harvest. Nutrient concentrations of
major and micronutrients were analyzed and yield data
also recorded. Orchards were grouped into high- and low-
yielding categories, and DRIS norms were developed using
nutrient ratios, variance ratios, and coefficient of variation.
Nutrient indices and Nutritional Imbalance Index (NII)
were computed to identify limiting nutrients and overall
nutritional status of orchards.
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The study successfully developed DRIS norms for both
major and micronutrients in litchi under the surveyed
orchard conditions, providing a scientific framework for
nutrient diagnosis. The Nutritional Imbalance Index (NII)
was computed to quantify the overall degree of nutrient
imbalance in orchards, enabling a more precise assessment
of plant nutritional status. Based on the analysis, the major
yield-limiting nutrients were identified in a specific order,
Nitrogen > Zinc > Sulphur > Copper with nitrogen being the
most limiting, followed by zinc, sulphur, and copper. This
ranking highlights the critical nutrients that require priority
attention for improving productivity. The findings clearly
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demonstrated that nutrient imbalances exist even in orchards
where conventional fertilizer practices are followed. The
DRIS approach proved highly effective in detecting hidden
deficiencies that are not easily captured through traditional
soil test-based recommendations. It also allowed for a more
integrated interpretation of nutrient interactions rather than
focusing on individual elements. The study emphasized the
importance of nutrient balance rather than absolute nutrient
levels. Overall, the results validate the usefulness of DRIS
as a diagnostic tool for site-specific nutrient management in
litchi orchards.

Table 2.6. DRIS Indices of low yield Litchi orchard population

-916.47 | -281.248 | 143.4241 | 1725317 @ -288.895
-833.864 | -230.341 | 569.2413 @ -652.588 | 1391.826
-278.918 | -335.038  481.1468 @ -465.04 @ 611.9496
92.1196 | 35.4919 | 503.9315 83.9996 | -286.909
-229.323 | 189.7083  1266.734 @ -738.948 @ 386.3593
55.2549 | -157.343 | -206.237 | -497.485 @ -185.691
585.7647 # 1055.959 | 590.8395 -144.159 -4786.88
-79.6687 | 361.0398 = 79.3107 | -566.517 @ -431.569
-828.568 | -229.519 96.65 -961.125 | 926.0921
311.431 | 147.6279 | -341.274 @ -1158.78 | -595.669
-135.01 | 140.4676 @ 46.1874 | -562.874 | 673.4162
176.7651 | 151.9626 = 37.4302 @ -223.388 @ 86.5445
-456.213 | -36.7141 = 29.2308 @ -668.539 @ 297.2224
-259.29 | -102.701 @ 334.3283 | -249.292 | 468.9074
-50.0483 | 105.9861 @ -132.962 -417.224 396.9756
226.6755 | 319.3651 | -82.3827 | -998.861 @ -74.9565
1381.494 | 1959.507 1471.294 -513.067 @ 1396.098
-430.167 | 370.4759 | 591.1853 ' -804.895 @ -716.269
-135.702 | 94.7227 = 888.205 @ 2920.196 @-4430.79
-27.1307 | 241.1361 | 1693.41 @ -1210.55 @ -804.497
-191.614 | 6.1062 | 249.6479 @ -107.262 | -24.9883

2442762 -211.808 | -414.598 | 4226.035

-40.9904 = 294.686 | -497.97 @ 4511.507 31
118.5405 | 1509119 -283.553  2725.098 26
232935 | -233.184 | -428.386 @ 1896.955 10
409.767 @ -1242.62 | -41.6747 @ 4505.138 30
98.2295 | 928.4218 | -35.1502 | 2163.813 1

892.369 | 1889.756 -83.6521 10029.38 5

43.7113 | 550.3667 @ 43.3267 | 2155.511 29
-14.8252 | 2470.348 -1459.05 @ 6986.181 9
402.7378 | 965.1261 | 268.8035 | 4191.453 2

239.2164  -728.692 @ 327.2874 = 2853.15 14
34.1119 | 134.022 | -397.448 | 1241.673 6

89.6579 | 342.7057 402.6486 2322.931 17
296.3525 | 132.0926 @ -620.398 @ 2463.362 27
173.3336 | 279.3379 -355.399 1911.267 28
351.1542 | 1036.143 | -777.138 | 3866.675 8

809.7142 = -7044.75 | 539.707 | 15115.63 15
221.072 | 118.1162 | 650.4826 | 3902.664 23
-51.4575 | 803.2527 @ -88.4258 | 9412.753 22
632.2046 @ -677.409 | 152.8393 | 5439.18 3

29.9989 | 113.2523 | -75.1411 | 798.0106 34

Based on the outcomes of the study, it is recommended that
nutrient management in litchi growers should prioritize the
correction of nitrogen deficiency, as it was identified as
the most limiting nutrient affecting yield. Simultaneously,
attention should be given to micronutrients, particularly
zinc and copper, which also play a crucial role in improving
orchard productivity. Farmers and practitioners are advised
to adopt a balanced fertilization approach rather than relying
solely on conventional blanket fertilizer recommendations.
Incorporating DRIS norms into advisory services can
improve nutrient use efficiency and reduce unnecessary
fertilizer application.

2.6. Development of plant canopy architecture
in litchi (ICAR-AICRP on Fruits)

This trial consists of 10 (9+1) treatment combinations
including control and laid out in RBD. The treatment
includes retention of 2, 3 and 4 primary branches (P, P,
P ) each retaining 2, 3 and 4 secondary branches (S, S
S,) along with control and replicated thrice under a square
system of planting. Accordingly, the total ten treatment
combinations were T (PS), T (PS) T (PS)T,(PS),
T.(PS) T (PS), T (PS) T8 (PS), T (PS)andT
(control).




Table 2.7. Effect of canopy architecture on plant growth and yield of litchi cv. Shahi

Plant height Stem girth Canopy 5 No. of fruit / Yield
Treatment 3 TCSA (cm’)
(m) (cm) volume (m”) tree (kg/tree)

T, PS, 3.61 68.49 301.61 373.69 1162.50 21.98

T, PS, 3.68 72.24 335.52 423.86 900.00 17.80

T, PS, 3.31 70.52 248.31 396.30 1087.50 22.48

T, PS, 3.18 71.03 268.30 402.56 737.50 14.22

T, PS 3.75 70.00 387.17 392.06 975.00 17.02

T PS, 3.38 60.95 300.81 295.88 912.50 16.82

T, PS 3.50 62.68 419.41 313.46 1025.00 19.40

T, PS. 3.75 67.81 388.29 367.03 1150.00 20.72

T, PS, 3.82 72.35 427.12 416.74 1542.50 26.86
T, Control 3.76 64.41 419.54 331.50 1137.50 19.05
SEm + 0.140 2.401 27.984 27.407 2.207
CD (5%) 0.41 6.97 81.21 79.53 329.92 6.40
C.V. 7.84 7.06 16.01 14.76 21.39 22.48

Treatment 9 (P,S)) exhibited the most favorable balance
of canopy architecture, and yield performance (Table

2.7). Treatment 8 (P4S3) and Treatment 3 (st4) exhibited

Table 2.8. Effect of canopy architecture on fruit quality of litchi cv. Shahi

recovery, and moderate acidity (Table 2.8).

superior fruit quality attributes with higher TSS, better pulp

Treatment Fruit weight (g) Pulp recovery (%) TSS (°B) Acidity (%)
T PS 19.06 56.87 19.67 0.61
T, PS, 19.72 55.84 20.56 0.62
T, PS 20.64 58.84 19.73 0.60
T, PS, 19.24 55.52 19.65 0.76
T, PS, 17.57 53.78 18.67 1.02
T PS, 18.42 54.44 18.35 0.86
T PS 18.93 58.97 20.55 0.89
T, PS 17.99 59.47 21.28 0.78
T, PS 17.35 53.35 20.20 0.86
T Control 16.82 52.28 18.18 0.96
SEm £ 0.575 1.413 0.519 0.073
CD (5%) 1.67 4.1 1.51 0.21
C.V. 6.19 5.05 5.27 18.26

Fig. 2.9. Fruiting in litchi cv. Shahi under different branch retention treatments.
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2.7. Trrigation scheduling in litchi (ICAR-  with four replications. The results clearly demonstrate
AICRP on Fruits) that mulching combined with one irrigation at 100% ER
The experiment consists of 7 treatments with 3 levels of significantly improved fruit yield in litchi cv. Shahi without

irrigation and two levels of mulching and control comprising ~ adversely affecting fruit quality parameters (Table 2.9).

Table 2.9. Effect of irrigation treatments on growth, yield and fruit quality of litchi cv. Shahi

Canopy

Treatment Plant Yield Fruit drop Fruit
Treatment volume TSS (°B)
combinations | height (m) ) (kg/tree) (%) weight (g)

T (50% ER + M) M1 4.46 435.96 18.70 67.82 15.57 20.02
T (75% ER + M) M1 4.40 444.55 21.88 67.50 15.39 20.24
T, (100% ER + M) ML 4.48 436.52 25.50 63.38 15.97 20.14
T, (50% ER - M) M1 4.44 401.89 18.69 71.78 15.93 20.40
T_(75% ER - M) M1 4.36 423.98 21.58 76.42 15.52 21.50
T _(100% ER - M) M1 4.40 428.36 23.61 74.36 15.80 20.54
T_(Control) Control 4.12 351.23 19.37 74.08 16.07 19.84
SEm =+ 0.09 23.33 1.47 5.75 0.42 0.46
CD at 5% NS NS 4.29 NS NS NS

C.V. 4.76 12.49 15.43 18.16 6.01 4.99

Fig. 2.10. Fruiting in litchi cv. Shahi under mulching combined with full irrigation (100% ER)

2.9 Using paclobutrazol and micronutrient on flowering regulation in litchi. Foliar application of
application as a tool for productivity and  Paclobutrazol @ 50 ppm exhibited a distinct influence on
fruit quality improvement of Litchi under yield and quality parameters of litchi as compared to the
subtropical conditions (ICAR-AICRP on control. The treatment recorded a higher mean yield (8.28
Fruits) kg/plant) as against 7.37 kg/plant in control, indicating a

The study was conducted during 2024-2025 to evaluate ~ Yield enhancement of nearly 12%, though the difference

the effect of paclobutrazol and micronutrient application ~ Was statistically non-significant (p > 0.05) (Table 2.10).

Table 2.10. Effect of foliar application of paclobutrazol on yield and quality parameters of litchi cv. China

. Fruiting Ascorbic acid
Yield (kg/ Fruit Pulp
Treatment Density Acidity (%) | (mg/100 ml of
plant) 5 weight (g) | recover (%) o
(kg/m”) juice)
T 8.28 0.03 19.04 50.01 23.12 0.43 49.39
T, (Control) 7.37 0.02 19.45 47.96 23.19 0.32 48.34
t-statistics 1.48 2.32 -0.49 0.67 -0.08 2.73 1.66
p-value 0.19 0.07 0.64 0.53 0.94 0.04 0.16




3. Development and refinement of
integrated crop protection technologies
for improved productivity of litchi

3.1. Investigation and management of pre-
harvest diseases of litchi

The present investigation was undertaken to study the
incidence, severity and management of major pre-harvest
diseases of litchi. The experiments comprised systematic
assessment of disease dynamics of leaf, panicle and fruit
blight, evaluation of fungicides for effective management of
Alternaria blight, and analysis of pesticide residues in fruits
to ensure safe and sustainable production. In addition, the
effect of bio-stimulants on pre-harvest disease modulation
and post-harvest shelf life of litchi fruits was also
investigated as an integrated approach linking pre- and post-
harvest phases. The studies were aimed at understanding
disease progression, improving management strategies and
ensuring both productivity and fruit quality.

Disease incidence and severity of leaf, panicle
and fruit blight during 2025

Disease severity assessment revealed that blight diseases
were prevalent under both experimental and farmers’ field
conditions, with varying levels of incidence and severity at
different crop stages. Leaf blight was observed during the early
vegetative phase and served as a primary source of inoculum
for subsequent infection of panicles and fruits. The disease
development was more pronounced during the monsoon
period, with July to September identified as the peak period,
whereas November to January recorded comparatively low
disease incidence and severity. During 2025, the mean disease
incidence (DI) of leaf blight during July to October ranged
from 14.03 to 22.14%, while the percent infected leaves (IL)
varied between 12.00 and 36.30%. The disease severity index
(PDI) ranged from 24.33 to 64.18, indicating moderate to high
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disease pressure during favourable conditions.

Panicle blight was recorded as the most critical stage affecting
crop productivity. The mean disease incidence of panicle
blight in cv. ‘Shahi’ during 2025 ranged from 55.1-76.4%
at NRCL farm and was comparatively higher in farmers’
orchards (66.9-92.3%), showing an increasing trend with
crop phenology. The overall mean disease incidence was
67.8% at NRCL farm and 79.4% in farmers’ orchards,
indicating relatively higher disease pressure under farmers’
field conditions. However, the distribution of trees across
severity classes revealed that the majority of trees (>86%
at NRCL farm and >90% in farmers’ orchards) had <20%
blighted panicles, followed by a smaller proportion in the
21-40% category, with no trees observed in higher severity
classes. This indicates that although disease incidence at
orchard level was high, the severity within individual trees
remained relatively low and localized (Table 3.1).

Fruit blight incidence was observed at later stages of crop
development. The mean disease incidence of fruit blight in
farmers’ orchards during 2025 remained low to moderate
(6.3-11.7%), with an overall range of 2.3-17.6%, and was
comparable to previous year’s observations. The progression
of disease from leaf to panicle and subsequently to fruit stage
highlights the role of initial inoculum build-up and favourable
environmental conditions in disease development.

The overall trend indicated that despite high disease
incidence at the orchard level, the severity remained
predominantly low, as most trees exhibited <20% blighted
panicles, suggesting relatively stable disease behaviour
across seasons. The findings emphasize that panicle blight
plays a decisive role in determining yield losses, while
leaf infection serves as a critical source of inoculum for
epidemic development. The results were consistent with
earlier observations, with comparatively higher disease
pressure observed during the current year.

Table 3.1. Disease incidence and severity of panicle blight during 2025 season

Orchard no. NRCL farm

Farmer’s Orchard

IV Vv I I m IV
Disease incidence (%)
9-04-2025 350 462 | 613 | 77.8 | 489 | 551 585 | 655 | 557 747 | 802 | 669
18-04-2025 602 = 78.1 69.5 80.1 643 720 748 722 | 748 @ 849 882 | 79.0
28-04-2025 719 | 794 | 716 @ 825 | 675 | 764 | 90.5 86.6 | 932 | 945 | 96.6 @ 923
Mean 557 | 679 | 675 80.1 602 678 746 748 @ 746 = 847 @ 883 794
Percent distribution of trees in different level of blighted panicles
<20%
9-04-2025 91.6 | 892 | 924 915 | 97.6 & 912 942 | 915 | 90.7 | 953 @ 995 | 942
18-04-2025 86.3 838 872 | 915 | 915 | 872 @ 921 90.2 @ 88.1 89.4 914 | 90.2
28-04-2025 73.6 | 80.0 | 836 904 | 930 @ 819 898 | 84 | 86.8 | 855  90.0 @ 875
Mean 83.8 | 843 87.7  91.1 940 | 86.8 | 920 | 89.0 885 @ 90.1 93.6 @ 90.7




NRCL farm

Orchard no.

i
21-40%
9-04-2025 8.2 10.8 5.5 1.3 3.0
18-04-2025 13.9 18.2 13.9 9.6 9.0
28-04-2025 28.4 22.0 17.4 11.6 13.0
Mean 16.8 17.0 12.3 7.5 8.3
41-60%
9-04-2025 0 0 0 0 0
18-04-2025 0 0 0 0 0
28-04-2025 0 0 0 0 0
Mean 0 0 0 0 0
61-80%
9-04-2025 0 0 0 0 0
18-04-2025 0 0 0 0 0
28-04-2025 0 0 0 0 0
Mean 0 0 0 0 0
>80%
9-04-2025 0 0 0 0 0
18-04-2025 0 0 0 0 0
28-04-2025 0 0 0 0 0
Mean 0 0 0 0 0

3.2 Effect of fungicides on litchi diseases,
sunburn and yield
A field experiment was conducted to evaluate the efficacy
of different fungicides against Alternaria blight of litchi
under field conditions. The treatments were applied
at critical growth stages, and observations on disease
incidence and severity, along with yield and related
parameters, were recorded to assess their effectiveness in

disease management.

The results revealed that all fungicidal treatments significantly
reduced panicle blight, fruit blight and sunburn incidence as
compared to the untreated control. Among the treatments,
Fluopyram + Tebuconazole, Fluopyram, Thiophanate
methyl and Azoxystrobin + Mancozeb were found most
effective in minimizing panicle blight, each recording only
4.87% incidence as against 33.20% in the control. Fruit
blight incidence was also markedly reduced under fungicidal
treatments, with the lowest incidence recorded in Thiophanate
methyl (0.52%), followed closely by Fluopyram (0.54%) and
Fluopyram + Tebuconazole (0.55%), whereas the untreated
control recorded 6.9% fruit blight.

Similarly, sunburn incidence was minimized under
fungicide application, with the lowest values observed
in Fluopyram + Tebuconazole and Thiophanate methyl
(8.13%), followed by Fluopyram (9.13%), as compared to

15.13% in the control. The reduction in disease incidence

Farmer’s Orchard
| IV

6.5 6.8 8.9 9.2 3.7 2.5 6.2

13.9 8.4 9.2 11.2 12.6 9.0 10.1

19.9 11.2 14.9 13.6 14.8 10.7 13.0

13.4 8.8 11.0 11.3 10.4 7.4 9.8
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

was reflected in improved yield performance. The highest
fruit yield was obtained with Thiophanate methyl (45.27
kg/tree), followed by Fluopyram (45.08 kg/tree), both of
which were significantly superior to the control (36.30 kg/
tree). The improved yield under these treatments may be
attributed to better disease control, leading to healthier

panicles and improved fruit retention.

The comparative performance of fungicides -clearly
demonstrated the effectiveness of systemic molecules,
particularly Thiophanate methyl and Fluopyram-based
treatments, in managing Alternaria blight and associated
disorders. The results also emphasize the importance of
timely application at critical phenophases for effective
disease suppression. The findings were consistent with
earlier observations, with comparatively improved disease

control and yield response observed during the current year.

3.3 Effect of bio-stimulants on pre-harvest diseases
of litchi and post-harvest shelf life of fruits
The experiment was conducted to evaluate the effect of
selected bio-stimulants on pre-harvest disease incidence and
post-harvest shelf life of litchi fruits under field conditions.
The treatments comprised foliar application of selected
ethnomedicinal plant extracts, namely Guma (Leucas
aspera) and Hathisud (Heliotropium indicum), along with
microbial formulations including Bacillus subtilis strain
BS-01 and Trichoderma viride strain NRCL T-01, applied




either as live cells or as culture filtrates. In addition,
combinations with recommended plant protection measures
were also evaluated, along with an untreated control.

The microbial components included culture filtrate
of Bacillus subtilis (CF BS-01) and culture filtrate of
Trichoderma viride (CF T-01), as well as their respective
live formulations (BS-01 and T-01). The use of culture
filtrates was conceptualized as a strategy to overcome
biosafety and regulatory constraints associated with live
microbial inoculants, thereby facilitating easier scalability
and potential field-level adoption. The selection of
ethnomedicinal plants was based on their promising

performance in earlier in vitro and in vivo screening studies.

The underlying hypothesis was that these bio-stimulants,
through their bioactive compounds and metabolites, may
enhance plant physiological efficiency, induce systemic
resistance, and improve antioxidant status, thereby reducing
disease susceptibility and improving fruit quality and shelf life.

Results of the studies are as under:
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(i) Disease incidence and severity

Application of bio-stimulants, including ethnomedicinal
plant extracts and microbial formulations, resulted in
a reduction in panicle and fruit blight incidence over the
untreated control. Among the treatments, the lowest panicle
blight disease severity was recorded in trees treated with CF
BS-01 +T-01, followed by humic acid and BS-01, indicating
better
treatments. A similar trend was observed in fruit blight,

suppression under microbial metabolite-based
wherein the lowest disease severity was recorded in BS-01,
followed by humic acid and CF BS-01 + T-01, as compared
to higher severity in control. Other treatments, including
ethnomedicinal plant extracts (Guma and Hathisud), also
showed moderate reduction in disease severity. Overall,
although the magnitude of disease reduction was lower than
fungicidal treatments, the consistent decline across bio-
stimulant treatments indicates their potential as supportive

components in integrated disease management.

Table 3.2. Effect of biostimulants application on disease severity

Treatment Dose (ml/L) 1
(9/04/2025)
Guma 30 24.22
Hathisud 30 24.22
CF BS-01 15 16.42
CF T-01 15 24.22
BS-01 05 6.02
T-01 05 16.42
Humic acid 15 6.02
Seaweed extract 2 13.82
Ambition 2.5 11.22
CF BS-01 + T-01 15 3.42
Control (Water spray) | - 29.42
LSD (p=0.05) 0.66
SEm (%) 0.23

Panicle blight (%)* ‘

qna 3rd Fruit blight
(18/04/2025) (28/04/2025) %
29.47 32.56 12.99
29.47 34.56 9.00
35.37 36.56 7.20
27.50 28.56 4.50
17.67 18.56 4.50
37.33 38.56 9.00
7.83 18.77 4.50
19.63 22.56 9.00
27.50 30.56 9.00
9.80 14.56 8.94
41.27 42.56 18.09
0.18 0.18 0.13
0.54 1.42 0.38

*Observation based on 30 tagged panicles; ** ambition is a commercial biostimulant product taken for comparison; CF BS-01 = culture filtrate of
Bacillus subtilis stain BS 01, CF T-01= Culture filtrate of Trichoderma viride strain NRCLT-01. BS-01= Bacillus subtilis strain BS 01 (live cells),

T-01= Trichoderma viride strain NRCLT-01 (live cells)

(ii) Fruit drop, fruit cracking, sunburn, fruit
borer incidence and fruit weight

The application of bio-stimulants had a significant influence

on fruit retention, pest incidence and fruit quality parameters.

Fruit drop was markedly reduced under bio-stimulant

treatments, with the lowest fruit drop recorded in BS-01,

as compared to very high fruit drop under the untreated

control. Fruit borer infestation, assessed at harvest based
on infestation in a sample of 60 fruits, was also reduced
under bio-stimulant treatments. The lowest infestation
was recorded in CF BS-01 (11.67%), followed by BS-
01 (17.03%), indicating the effectiveness of microbial
formulations in reducing pest incidence, whereas higher

infestation was observed in control.
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In contrast, bio-stimulants were less effective in managing
physiological disorders such as fruit cracking and sunburn,
where only marginal differences were observed among
treatments, although all treatments recorded comparatively
lower values than control. Fruit weight was significantly
influenced by bio-stimulant application, with the highest fruit
weight recorded in Guma (1.10 kg), followed by BS-01 and CF
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BS-01, all of which were superior to control. The improvement
in fruit weight may be attributed to enhanced nutrient uptake and
better physiological efficiency under bio-stimulant application.
Overall, the results indicate that bio-stimulants, particularly
microbial formulations, were effective in reducing fruit drop
and fruit borer infestation and improving fruit weight, although
their effect on sunburn and fruit cracking was limited.

Table 3.3. Effect on fruit drop, fruit cracking, sunburn, fruit borer incidence and fruit weight

‘ ‘ Fruit drop/tree ‘ Fruit borer ‘ Fruit ‘ ‘ o
T st | ama | . Sunburn Fruit weight
Treatment Dose (ml/L) 1 2 cracking o .
(22/04/2025) (28/04/2025) (70" (%) (%) (60 fruits)
Guma 30 14.33 71.33 26.68 5.10 30.10 1.10
Hathisud 30 17.33 69.33 41.69 3.06 15.05 0.74
CF BS-01 15 22.33 45.33 11.67 5.10 15.05 0.94
CF T-01 15 11.33 48.33 30.02 3.06 15.05 0.89
BS-01 05 13.33 30.33 17.03 3.06 10.03 0.91
T-01 05 29.33 38.33 46.70 3.06 10.03 0.88
Humic acid 15 17.33 38.33 28.35 5.10 15.05 0.87
Seaweed extract 2 9.33 32.33 33.36 2.04 15.05 0.72
Ambition** 2.5 19.33 37.33 20.01 3.06 15.05 0.78
CF BS-01 + T-01 15 18.33 38.33 20.01 3.06 20.07 0.88
Control (Water spray) - 41.33 142.33 60.04 3.06 15.05 0.79
LSD (p=0.05) 0.096 0.061 1.997 0.035 0.324 0.039
SEm (&) 0.032 0.020 0.627 0.012 0.109 0.013

*QObservation taken on 60 fruits

(iii) Effect of biostimulant treatments on
enzymatic activity and phenolic content in
fruits after harvest

Bio-stimulant treatments had a significant influence on
enzymatic activity and phenolic content of litchi fruits during
ambient storage, indicating their role in regulating post-
harvest physiological and biochemical changes (Fig. 3.1).

a)  Polyphenol oxidase (PPO) activity: PPO activity increased
with storage period across all treatments; however,
comparatively lower activity was observed in T-01, BS-
01 and humic acid-treated fruits, indicating better retention
of fruit quality. In contrast, control and Guma treatments
recorded higher PPO activity, suggesting faster enzymatic
browning and quality deterioration. Treatments such as
BS-01, T-01, humic acid and CF BS-01 showed relatively
slower increase in PPO activity, indicating better control
over enzymatic browning.

b) Peroxidase (POD) activity: A similar trend was
observed for POD activity, wherein BS-01 and CF
BS-01 treatments consistently recorded lower POD
activity, reflecting reduced oxidative stress and slower
quality degradation. In contrast, control and seaweed
extract treatments showed higher POD activity,

indicating faster deterioration, while humic acid and
Ambition exhibited moderate levels.

c) Phenylalanine ammonia-lyase (PAL) activity: PAL
activity showed a declining trend with increase in
storage period at 25°C across all treatments. However,
the decline was relatively slower in BS-01-treated
fruits, indicating better retention of enzyme activity.
In contrast, a sharp decline was observed in control,
which may be associated with faster degradation of
anthocyanin pigments. The relatively sustained PAL
activity under BS-01 treatment suggests slower loss of
anthocyanin and better maintenance of fruit colour.

d) Total phenolic content: The total phenolic content
decreased progressively during storage in all treatments.
However, higher initial phenolic content was recorded
in BS-01 (270 mg GAE/100 g) and T-01 (190 mg
GAE/100 g), which also retained comparatively higher
levels by day 6 (57.90 mg and 30.35 mg GAE/100 g,
respectively). In contrast, treatments such as Ambition
showed the lowest phenolic retention (7.06 mg GAE/100
g by day 6), indicating rapid depletion. CF BS-01 and
CF T-01 combination treatments maintained moderate
phenolic levels during storage.




Overall, the results indicate that bio-stimulant treatments,
particularly BS-01, T-01 and CF BS-01, were effective
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in regulating enzymatic activity and maintaining higher
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phenolic content, thereby contributing to delayed senescence
and improved post-harvest quality of litchi fruits.
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Fig. 3.1. Effect of biostimulant treatments on enzymatic activity and phenolic content in fruits after harvest

(iv) Browning index and fruit decay

Browning index and fruit decay were assessed during
ambient storage (25°C) to evaluate the effect of bio-
stimulant treatments on post-harvest quality. The browning
index of litchi pericarp was measured following the method
described by Wu et al. (2017) using a standard visual scale.

Browning index increased progressively with storage duration
across all treatments; however, fruits treated with BS-01
(1.89), T-01 and their culture filtrates (CF BS-01 and CF T-01
+ BS-01; ~2.01) recorded comparatively lower browning

values than the untreated control (2.80) and seaweed extract,
indicating better retention of pericarp colour (Fig. 3.2). A
similar trend was observed in fruit decay, wherein BS-01 and
CF BS-01 + T-01 treatments recorded markedly lower decay
incidence by 6 days after harvest, whereas control, CF BS-
01 alone and seaweed extract showed comparatively higher
decay(Fig. 2). Overall, the results indicate that BS-01-based
treatments, particularly in combination with culture filtrates,
were most effective in delaying browning and suppressing
fruit decay, thereby improving post-harvest shelf life of litchi
under ambient conditions.

Browning index
== Brownirg index O DAH == Browning index 3 DAH —s—Browning index & DAH

070

D.ﬂﬂ'.; & ;ﬁ: .J\p; ;&; T .&; .o; .‘J:- .«.- .; 9
f*“‘.:*é*ﬁ jf v“#‘ @,a

Lod"

Fruit decay

=#—=00AH =—a—3DAH —a—EDAH

553%%%5

*ﬁ*#n’fg
ﬁ’ ffw

Fig. 3.2. Effect of biostimulant treatments on browning and fruit decay after harvest
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(v) Anthocyanin, titratable acidity (TA) and
total soluble solids (TSS)

Bio-stimulant treatments significantly influenced key quality
parameters of litchi fruits during storage, particularly total
soluble solids (TSS), anthocyanin content and titratable
acidity. TSS values showed a declining trend with storage;
however, comparatively higher values were maintained in
BS-01 (19.92°Brix) and Guma, indicating better retention of
fruit sweetness under these treatments. Anthocyanin content
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also decreased during storage across all treatments, but
higher initial content and better retention were observed in
Guma (38.19 mg/100 g) and BS-01 (37.99 mg/100 g), which
remained at 20.32 and 21.84 mg/100 g, respectively, after 6
days of storage. This indicates improved colour stability and
slower pigment degradation under these treatments. Titratable
acidity (TA) followed a gradual declining trend during
storage, with relatively better retention observed in BS-01
and Guma treatments compared to control, indicating delayed
senescence and better maintenance of fruit quality (Fig. 3.3).
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Fig. 3.3. Effect of biostimulant treatments on anthocyanin, titratable acidity and total soluble solids after harvest of fruits

3.2. Investigation and management of insect-

pest complex of litchi

Impact of different insecticides on stink
bug (Tessarotoma javanica), flower webber
(Statherotis  leucaspis) and fruit borer

(Conopomorpha sinensis) infestation

The efficacy of different insecticides against litchi stink bug,
Tessarotoma javanica, was evaluated 24 h after spraying at
20 and 10 days before harvest (DBH). Significant differences
among treatments were observed at both spray timings (P
< 0.05). At 20 DBH, beta-cyfluthrin 8.49% + imidacloprid
19.8% recorded the highest reduction in stink bug population
(98.78 £ 1.76%), followed by thiacloprid 21.7% SC (90.90
+ 2.56%), lambda-cyhalothrin 5% EC (85.71 £+ 3.21%),
tetraniliprole 18.18 SC (80.00 £ 3.21%), and thiamethoxam

= Clove stage

12.6% + beta-cyhalothrin 9.5% (80.00 + 1.14%). The lowest
reductions were observed with novaluron 10% EC (12.50 +
2.21%) and spinosad 45% SC (13.33 + 3.21%)).

At 10 DBH, beta-cyfluthrin + imidacloprid again proved
to be the most effective treatment with 93.33 + 1.32%
reduction, followed by lambda-cyhalothrin 5% EC (91.66
+ 1.45%) and thiamethoxam 12.6% + beta-cyhalothrin
9.5% (84.61 + 1.34%). Comparatively lower efficacy was
recorded with broflanilide 20% SC and spinosad 45% SC
(18.18 £ 1.67% and 18.18 + 1.45%, respectively). The
significant F-values and low LSD values confirmed clear
variation among insecticidal treatments, indicating that
beta-cyfluthrin + imidacloprid was the most consistent and
effective treatment against stink bug infestation (Fig. 3.4).
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Fig. 3.4. Efficacy of different insecticides against litchi stink bug, Tessarotoma javanica
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The efficacy of different insecticides against litchi flower
webber, Statherotis leucaspis, was assessed during the “before
flower opening” and “clove stage” conditions. Significant
differences among treatments were observed (P < 0.05).
During the before flower opening stage, beta-cyfluthrin 8.49%
+ imidacloprid 19.8% recorded the highest reduction (71.42
+ 4.15%), followed by spinosad 45% SC and emamectin
benzoate 5% SG (66.67 £ 1.98% and 66.67 + 2.15%,
respectively). Thiacloprid 21.7% SC, lambda-cyhalothrin 5%
EC, and emamectin benzoate + lufenuron were comparatively

W Before flower opening

a1t yfddest ANNUAL REPORT 2025

ICAR

less effective. At the clove stage, novaluron 10% EC and beta-
cyfluthrin + imidacloprid were found to be the most effective
treatments, each recording 83.33% reduction in flower webber
population. Lambda-cyhalothrin 5% EC and emamectin
benzoate + lufenuron also showed high efficacy with 75.00%
reduction, whereas thiacloprid 21.7% SC recorded the lowest
reduction (16.67 £ 1.67%). The results clearly indicated
that beta-cyfluthrin + imidacloprid maintained consistent
performance across both stages and was among the best
treatments for managing flower webber infestation (Fig. 3.5 ).
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Fig. 3.5. Efficacy of different insecticides against litchi flower webber, Sthaerotis leucaspis

The study assessed insecticide efficacy against fruit borer by
measuring fruit drop and fruit infestation at 20 and 10 days
before harvest (DBH). At 20 DBH, emamectin benzoate 5%
SG and spinetoram 11.7% SC were most effective, showing
0.00 £ 0.00 fruit drop after the first spray and 0.00 £+ 0.00
infested fruits at harvest, whereas thiacloprid 21.7% SC was
less effective (5.71 + 0.67 drop; 10.00 £ 0.67 infestation).

At 10 DBH, emamectin and spinetoram again provided
near-complete control (~0 drop and ~0 infestation), while
thiacloprid showed higher losses (6.25 = 0.78 drop; 6.67
+ 1.07 infestation). Treatment effects were significant at
both timings (P < 0.05; LSD 2.87 at 20 DBH and 3.89 at 10
DBH), confirming emamectin benzoate and spinetoram as
the most effective options (Table 3.4).

Table 3.4. Efficacy of different insecticides against litchi fruit and shoot borer, Conopomorpha sinensis

Fruit borer infestation

(20 days before harvesting)

Treatments Number of fruits

dropped after 1st
spray

Number of fruits

infested at harvest

Fruit borer infestation

(10 days before harvesting)
Number of fruits | Number of fruits
infested at harvest

/100 fruit

dropped after 2"

/100 fruit spray

Thiachloprid 21.7 %SC 571+0.67b 10.00 £ 0.67 d 6.25+0.78 b 6.67+1.07c
Spinosad 45 %SC 556+ 098 b 16.67+1.23 ¢ 0.00+0.89d 5.00+0.08 ¢
Emamectin benzoate 5 % SG 3.70+0.29 ¢ 15.38+0.98 ¢ 5.00£0.76 b 0.00+0.78 d
Lambda cyhalothrin 5 % EC 2.85+1.00c 28.57+1.56b 5.00+0.74 b 0.00+0.64d
Novaluron 10 % EC 6.66 £0.34b 0.00+1.67¢ 5.55+0.56 b 0.00+0.63d
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Fruit borer infestation

(20 days before harvesting)

Number of fruits

dropped after 1st

spray

Number of fruits

infested at harvest

/100 fruit

Fruit borer infestation

(10 days before harvesting)

Number of fruits

dropped after 2™
spray

Number of fruits

infested at harvest

/100 fruit

Spinetoram 11.7 % SC 526+0.56b 0.00 £0.00 e 0.00£0.04 ¢ 3.57+0.67 ¢
Broflanilide 20 % SC 6.66£0.58 b 28.07+1.67b 435+0.78 ¢ 833+£0.60b
Tetraniliprole 18.18 SC 3.12+0.54 ¢ 12.19+1.78 d 5.71+0.56 b 10.53 £0.89b
Thiamethoxam 12.6 % + Beta 5.88+0.53 b 1333+ 1.74 ¢ 8.57+0.53b 0.00+0.74d
cyhalothrin 9.5 %

Beta cyfluthrin 849 % + 2.86+0.98 ¢ 1590+ 1.83 ¢ 6.66 = 0.64b 0.00+0.67d
Imidachloprid 19.8 %

Emamectin benzoate + Lufenuron 0.00+0.00d 1428 +1.78 ¢ 2.85+0.07¢c 5.26+0.63¢
Control 33.33+0.78 a 60.00+ 1.84 a 26.47+0.63 a 60.00 £ 0.67 a
F-value 125.98 231.05 129.93 229.142
P-value <0.05 <0.05 <0.05 <0.05
LSD 2.87 3.89 2.16 3.81

Incidence of looper complex in litchi

This study investigates the species composition, phenology,
and weather-driven dynamics of looper pests associated
with the Shahi variety of litchi (Fig. 3.6). Molecular
identification using COI barcoding revealed five looper
species: Perixeraillepidaria, Hyposidra talaca, Thalassodes
immisaria, Sympis rufibasis, and Autoba abrupta. Among
these, P. illepidaria was identified as the dominant pest,
exhibiting the fastest life cycle (approximately 15-19 days
from larva to adult) and causing up to 80% defoliation in
certain outbreaks. We observed significant differences in
the developmental stages of these species, with H. talaca
having the longest larval phase (10.93 + 0.34 days) and A.
abrupta showing the longest pupal (13.27 &+ 0.60 days) and
adult longevity (11.13 + 0.16 days).

The seasonal abundance of loopers varied significantly between
2024 and 2025, with P. illepidaria showing peak infestations in
late autumn of 2025, reaching densities as high as 49 larvae per
unit. Weather parameters, such as wind speed and cloud cover,
were identified as significant predictors of looper abundance,
with H. talaca and P. illepidaria exhibiting strong negative
correlations with temperature and humidity. Regression models
explained 36.20% of the variation in H. talaca populations,
with wind speed and cloud cover being key predictors. These
findings highlight the critical role of weather conditions and
seasonal plant phenology in shaping looper dynamics. Our
study provides insights that can enhance pest forecasting
and integrated pest management strategies, contributing to
sustainable litchi cultivation by optimizing control interventions
based on species-specific biology and climatic patterns.

Biological Parameters of Looper Species

E incubation Period {Days)
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Fig. 3.6. Biology of different looper species in litchi



3.3. Understanding

in host-pests interactions and population

spatio-temporal changes

dynamics of litchi under changing climate
scenarios
Population dynamic and Seasonal incidence of
insect pest of litchi in 2025 (SMW 1-52)
Pest monitoring on Shahi and China litchi revealed strong
seasonal peaks and clear cultivar differences across
lepidopteran complexes, litchi stink bug (Tessarotoma
javanica), and coleopteran pests (ash and red weevils).
Overall, pest pressure was low in early weeks, shifted
during the monsoon, and peaked most severely in the late

season, especially for the geometrid complex.

Lepidopteran pests: On Shahi, early-season activity (SMW
1-9) was moderate, followed by a major pre-monsoon build-
up of Sthaerotis leucaspis from SMW 13 with a peak in
SMW 19 (20.25), then disappearance by SMW 25. During
the humid/rainy period, Dudua aprobola dominated from
SMW 21-31 and peaked in SMW 25 (17.30). The most
serious outbreak occurred in SMW 4146, driven by the
geometrid complex; the annual maximum was in SMW 43,
when Perixera illepidaria reached 49.23, along with high
Hyposidra talaca (9.60) and Thallasodes immisaria (11.78).
Overall dominance on Shahi was P. illepidaria> D. aprobola
> S. leucaspis. On China, lepidopteran activity started later
(after SMW 7), remained low—moderate mid-season, and
S. leucaspis dominated during humid weeks (SMW 25-34)
peaking in SMW 31 (5.50). The major geometrid outbreak
also occurred in SMW 35-46, peaking in SMW 43 with P.
illepidaria 19.00, accompanied by H. talaca (4.00) and T.
immisaria (3.20); minor noctuids peaked in the same week.
Infestation ended after SMW 46—48.

Litchi stink bug (7. javanica): On Shahi, eggs peaked
early in SMW 14 (4.125), and nymphs showed the highest
seasonal peak in SMW 16 (48.41). Adult populations
persisted and showed a strong late-season rise, reaching
the maximum in SMW 50 (24.73). On China, eggs were
lower and peaked in SMW 24 (1.25), while both nymphs
and adults reached their highest levels in SMW 35 (nymphs
4.57; adults 7.525). Adults persisted longer into late weeks

with a minor increase around SMW 48.

Coleopteran pests (ash and red weevils): On Shahi,

coleopterans were mainly late-season pests (SMW 33-45).
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Ash weevil dominated, peaking in SMW 36 (2.45) with
a second rise in SMW 40 (2.15); red weevil remained
low, peaking in SMW 35 (1.10). On China, coleopterans
appeared earlier (from SMW 26) and peaked in SMW 35
(ash weevil 2.00; red weevil 1.55), then declined sharply
after SMW 46.

Key annual risk windows: (i) SMW 19 (pre-monsoon S.
leucaspis peak on Shahi), (i) SMW 25 (monsoon peak of
D. aprobola on Shahi), (iii) SMW 35-36 (stink bug peak on
China; coleopteran peaks on both cultivars), and (iv) SMW
41-46, especially SMW 43, the highest geometrid outbreak

period, particularly severe on Shahi.

Incidence and identification of mango mealy

bug, Drosicha mangiferae in litchi

Litchi (Litchi chinensis Sonn.), a major subtropical fruit
belonging to the Sapindaceae family, is extensively grown in
India. However, it faces significant threats from various insect
pests, notably the mango mealy bug, Drosicha mangiferae
(Stebbing). This research was conducted at the Litchi farm of
ICAR-NRC on Litchi, Muzaffarpur, Bihar, India, from the 2nd
week of April 2023 to the last week of June 2025. The study
focused on examining the population dynamics and seasonal
incidence of mango scales on litchi. The adult insects were
identified based on their morphological characteristics, along
with molecular identification using partial mitochondrial
cytochrome oxidase 1 (COI) gene sequences (Fig. 3.7). Both
nymphs and adults of the mango scale suck sap from young
shoots, inflorescences, and fruit peduncles, causing distorted
leaves, yellowing, and premature fruit and flower drop. These
pests significantly affect fruit retention and ultimately, the yield
of litchi crops. The results revealed that the incidence of mango
scales first appeared in the 2nd week of April and persisted until
the fruit harvest. The peak population was observed during the
1st week of May (18" SMW) in 2023-2024 and the 2™ week
of May (19th SMW) in 2024-2025. Additionally, the mango
scales population exhibited a significant positive correlation
with rainfall (r = 0.78*), emphasizing the critical role of rainfall
in the emergence and life cycle of these pests. These findings
provide detailed insights into the incidence, damage symptoms,
identification, and seasonality of mango scales in litchi
cultivation in Bihar, India. The data gathered can be utilized
to predict seasonal pest outbreaks and aid in the planning of
integrated pest management strategies, particularly targeting

key phenological stages of the litchi crop.
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Fig. 3.7. Detailed morphological features of female and male of mango mealy bug, Drosicha mangiferae

3.4. Characterisation of behaviour modifying
chemicals for the management of insect
pests of litchi

The electrophysiological response of litchi stink
bug, Tessarotoma javanica
Over the last two years, mean electrophysiological (EAG)
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a broad panel of litchi-associated volatiles,
aldehydes,
compounds (e.g., B-caryophyllene, ethyl acetate, linalool,

including

terpenoids, alcohols, alkanes, and sulfur

geraniol, nonanal, decanal, undecane, tridecane, dimethyl
disulfide, dimethyl trisulfide).
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Fig. 3.9. Mean antennal response of female stink bug, Tessarotoma javanica to different plant volatiles



Pooled two-year mean data showed that males consistently
exhibited the strongest antennal sensitivity to ethyl
acetate, geraniol, decanol, undecane, and [B-caryophyllene,
indicating high responsiveness to selected host-related
cues. In contrast, females displayed higher mean
responses to ethyl acetate, nonanal, linalool, ci-terpineol,
and P-caryophyllene, suggesting stronger perception of
aldehydes and monoterpene alcohols commonly linked
with host plant odors (Figure 3.8 and 3.9). The two-year
mean response profiles confirm sex-specific differences in
volatile perception, implying that males and females may
rely on partially different olfactory cues for host location

and/or reproductive behavior.

Further work is recommended to validate behavioral
relevance through laboratory bioassays and field trials,
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testing these candidate volatiles as attractants/repellents
and integrating them with plant-based repellents and
pheromone-based tools for stink bug management.

Biology of litchi stink bug, Tessarotoma javanica
and litchi leaf folder, Sthaerotis leucaspis reared
on litchi cultivar China

The biology and life cycle of stink bug, Tessaratoma
Jjavanica was studied in caged net and laboratory conditions.
In field conditions, under caged net, the egg period, 1%
nymphal period, 2" nymphal period, 3" nymphal period, 4™
nymphal period, 5" nymphal period and adult period were
observed to be 6-10 days, 5-7 days, 10-12 days, 7-8 days,
7-10 days, 10-14 days and 40-45 days respectively. The
age stage survival rate of 7. javanica on Shahi and China
cultivars is depicted in figure 3.10 & 3.11.
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Fig. 3.11. Detailed biological parameters of Tessarotoma javanica on Shahi and China variety of litchi

3.5. Residue analysis of pesticides in litchi fruits

Studies were conducted to assess the residue levels of
fungicides and insecticides in litchi fruits under different
conditions to evaluate their safety and compliance with
permissible limits. Fruit samples were analyzed for
residue load in both peel and pulp. The study included
three categories of samples, viz., (i) fruits from planned
experimental plots with known spray schedules, (ii) samples
collected from farmers’ orchards, and (iii) market samples
collected from retailers at different locations.

(i) Residue levels in experimental samples
(known spray schedule)

In the planned experiment, fungicides were applied at 15, 10
and 5 days before harvest, and residue levels were estimated
at harvest. Fungicide residues were detected in all the samples
of peel from fruits sprayed at 15 days, 10 days, or 5-days
before harvesting except thiophanate methyl at 15 and 10
days, compared to residue level below limit of quantification
in fruits from untreated trees. Residues in pulp samples were
below detectable limit (BLQ) except copper oxychloride and
carbendazim but that were also below MRL (Table 3.5).




I
Table 3.5. Fungicide residues in litchi fruit peel and pulp

Compound name

(days)
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Litchi peel Litchi pulp

Mean Residue Mean Residue

Sampling before harvest

15
T1 (Thiophanate Methyl) 10
5
15
T2 (Difenoconazole) 10
5
15
T3 (Azoxystrobin) 10
5
15
T4 (Copper oxychloride) 10
5
15
T5 (Carbendazim) 10
5
15
T6 (Control) 10
5

concentration (mg/kg) concentration (mg/kg)

BLQ BLQ
BLQ BLQ
0.18 £0.01 BLQ
0.43 £0.03 BLQ
0.72 £0.03 BLQ
1.04 + 0.05 BLQ
0.15 £ 0.05 BLQ
0.43 £0.01 BLQ
0.53 £ 0.03 BLQ
1.74 + 0.02 1.10+0.07
236+0.11 1.48 +0.05
3.58 +0.24 2.54 +
0.28 +0.29 BLQ
0.52 +0.01 0.02 £ 0.01
0.94 = 0.06 0.03 £0.01
BLQ BLQ
BLQ BLQ
BLQ BLQ

SD-Standard deviation, BLQ- Below limit of Quantification i.e. <0.010 mg/kg

(ii) Residue levels in farmers’ field samples

Residue analysis of 20 samples collected from farmers’
orchards showed that most of the samples were either below
detectable limit (BLQ) or below MRL. Only a few samples
showed detectable residues. Residues, wherever detected, were
confined to the peel, while pulp samples were mostly BLQ.

(iii) Residue levels in market samples

Analysis of 30 market samples revealed that majority of
the samples was below detectable limit (BLQ) or below
MRL, with only a few samples showing detectable residues.
Similar to field samples, residues were detected mainly in
the peel, while pulp samples were mostly BLQ.

Thus, the results of the studies indicated that pesticide
residues in litchi fruits were largely confined to the peel,
while pulp remained mostly free from residues (BLQ).
Thiophanate methyl was found to be safe when applied
up to 10 days before harvest, and most of the farmers’ and
market samples were within safe limits.

Pesticide residue analysis in litchi samples
collected from NRCL experimental plots, farmer
fields and markets

The results of pesticide residue analysis on litchi fruits, based
on various compounds and spray intervals before harvest,

show that Spinosad (T2) and Emamectin Benzoate (T3) had
no detectable residues when sprayed 15 days before harvest
(Table 3.6). For these compounds, no residues were found
in the pulp, and the peel showed minimal traces, making
them ideal choices for use closer to harvest. Thiacloprid
(T1), Lambda Cyhalothrin (T4), Spinetoram (T6), and
Flubendiamide (T7) exhibited some residue levels, with
Thiacloprid and Lambda Cyhalothrin showing increased
residue concentrations as the harvest time approached
(1 day before harvest). These compounds were found to
have higher residue levels, especially in the peel, closer to
harvest, indicating that longer pre-harvest intervals might
be necessary to ensure lower residue concentrations.

Novaluron (T5), in particular, showed the highest residue
concentrations at the 1-day pre-harvest interval, making it less
suitable for use near harvest time. Despite this, Spinosad and
Emamectin Benzoate remained the most favorable options
due to their lower residue levels even at shorter pre-harvest
intervals. On the other hand, Flubendiamide and Spinetoram,
which showed no residues at 15 and 10 days before harvest,
had only small traces at shorter intervals, further emphasizing
the importance of timing in pesticide application.

In conclusion, Spinosad and Emamectin Benzoate are
recommended as the best options for pesticide use when




spraying 15 days before harvest, as they result in minimal
residues. Thiacloprid, Lambda Cyhalothrin, and Novaluron
should be avoided or used with caution as their residue levels
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tend to increase closer to harvest. Proper timing of pesticide
applications is crucial to ensuring both effective pest control
and minimal residue levels in harvested litchi fruits.

Table 3.6. Level of insecticide residue in litchi fruits, when sprayed at different days before harvest

‘ Spray before harvest ‘ Average residues (mg/kg)
Name of the compound ‘ (days) ‘
1 T1 (Thiacloprid) 15 0.154 BLQ
10 0.274 BLQ
5 0.741 BLQ
1 1.345 BLQ
2 T2 (Spinosad) 15 BLQ BLQ
10 BLQ BLQ
5 0.034 BLQ
1 0.412 BLQ
3 T3 (Emamectin benzoate) 15 BLQ BLQ
10 BLQ BLQ
5 BLQ BLQ
1 0.347 BLQ
4 T4 (Lambda cyhalothrin) 15 0.066 BLQ
10 0.165 BLQ
5 0.352 BLQ
1 0.84 BLQ
5 TS (Novaluron) 15 0.348 BLQ
10 0.716 BLQ
5 1.056 BLQ
1 1.587 BLQ
6 T6 (Spinetoram) 15 BLQ BLQ
10 0.1 BLQ
5 0.221 BLQ
1 0.346 BLQ
7 T7 (Flubendiamide) 15 BLQ BLQ
10 BLQ BLQ
5 0.057 BLQ
1 0.476 BLQ
8 T8 (Control) 15 BLQ BLQ
10 BLQ BLQ
5 BLQ BLQ
1 BLQ BLQ

Further, residue analysis showed that fungicide deposits
were detected primarily in the litchi peel, while pulp residues
were BLQ (below limit of quantification) at all sampling
intervals across treatments. At 15 days before harvest
(DBH), thiophanate methyl, azoxystrobin and the control
were BLQ in both peel and pulp, whereas measurable peel
residues were recorded for difenoconazole (0.247 mg/kg),
copper oxychloride (1.125 mg/kg), and carbendazim (0.412
mg/kg) (Table 3.7).

At 10 DBH, peel residues increased and remained detectable
for difenoconazole (0.514 mg/kg), azoxystrobin (0.208 mg/
kg), copper oxychloride (1.834 mg/kg), and carbendazim
(0.826 mg/kg), while thiophanate methyl and control
remained BLQ.

At 5 DBH, peel residues were recorded for all fungicides
except the control, with thiophanate methyl showing 0.347
mg/kg, difenoconazole 0.847 mg/kg, azoxystrobin 0.371
mg/kg, copper oxychloride 2.725 mg/kg, and carbendazim
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1.136 mg/kg; pulp remained BLQ throughout. At 1 DBH,
peel residues reached their maximum levels, particularly
for copper oxychloride (4.05 mg/kg), followed by
difenoconazole (1.478 mg/kg), carbendazim (1.375 mg/kg),
azoxystrobin (0.814 mg/kg), and thiophanate methyl (0.714
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mg/kg), whereas no residues were quantifiable in the pulp.
Overall, residues increased as harvest approached and were
consistently higher in peel than pulp, indicating minimal
translocation of these fungicides into edible pulp under the
tested conditions.

Table 3.7. Level of fungicide residue in litchi fruits, when sprayed at different days before harvest

‘ Spray before harvest ‘

Average residues (mg/kg)

Name of the compound ‘

1 T1 (Thiophanate Methyl) 15
10

2 T2 (Difenoconazole) 15
10

3 T3 (Azoxystrobin) 15
10

4 T4 (Copper oxychloride) 15
10

5 T5 (Carbendazim) 15
10

6 T6 (Control) 15
10
5

3.6. Enhancing the livelihood of litchi farmers
through beekeeping and assessing the
agrochemicals in honey (National Bee
Board)

Pollination Dynamics of Apis mellifera in Litchi
(Litchi chinensis) Orchards: Influence of Floral
Phenology and Weather Factors

Litchi (Litchi chinensis Sonn.) is a subtropical fruit crop
that relies on insect-mediated pollination for optimal yield.
This study, conducted during the 2025 flowering season
(7-29 March, 2025) at ICAR-National Research Centre
on Litchi, Muzaffarpur, Bihar, aimed to examine the floral
phenology, insect visitation, and environmental factors
influencing the pollination dynamics of Apis mellifera (Fig.
3.12). Observations were made on ten randomly selected
trees, with insect activity monitored at four daily intervals

(days)

BLQ BLQ
BLQ BLQ
0.347 BLQ
0.714 BLQ
0.247 BLQ
0.514 BLQ
0.847 BLQ
1.478 BLQ
0.087 BLQ
0.208 BLQ
0.371 BLQ
0.814 BLQ
1.125 BLQ
1.834 BLQ
2.725 BLQ
4.05 BLQ
0.412 BLQ
0.826 BLQ
1.136 BLQ
1.375 BLQ
BLQ BLQ
BLQ BLQ
BLQ BLQ

(8-10 AM, 10-12 PM, 12-2 PM, and 2-4 PM). A total
of 13 insect species were recorded visiting litchi flowers,
with Apis mellifera, Apis dorsata, and hoverflies (Eristalis
spp.) being the primary pollinators. The highest settling
rate of 4. mellifera (45.78 = 1.74) occurred during the peak
appearance of M2 flowers (90.02 £ 4.66) on 20" March,
indicating a strong temporal alignment between floral
phenology and pollinator activity. Correlation analysis
showed a significant positive relationship between M2
flowers and bee settling rate, particularly at 8—10 AM (r
= 0.767**) and 10-12 PM (r = 0.747**). Environmental
factors like cloud cover, temperature, and wind gusts also
positively correlated with A. mellifera activity. The study
highlights that afternoon hours, especially 124 PM, are
ideal for bee foraging due to favorable environmental
conditions. These findings suggest that beekeepers should




place hives 5-7 days before the peak M2 flowering phase to
optimize pollination efficiency and fruit set. This research
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provides valuable insights for enhancing litchi productivity

through effective pollinator management.

a: Twelve spotted lady bird beetle, b: Handmaiden moth, ¢ Damsel flv, d; Monarch butterflv, ¢ Green Jewel bug, £ Seven spotted lady
bird heetle | g Blue moon butterfly, h: Common crow, 12 Hover flv, - Dragon fly, k; Cabbage bumer flv, |1 Rock bee, m: Enroprean Bee

Fig. 3.12. Incidence of diverse pollinators and foragers in litchi

Temporal Pollen Resource Integration in
Pollinator-Friendly Litchi Agroecosystems

This study quantified spatio-temporal variation in pollen
foraging by Apis mellifera across 11 litchi orchards in
Muzaffarpur District, Bihar, during peak bloom (14" March—
6™ April, 2025). Wooden pollen traps were deployed on five
healthy hives per orchard for 7 hours per day, with samples
collected at 6-day intervals. Pollen pellets were sorted,
weighed, and identified using DNA barcoding. Eleven
plant species were confirmed in the bee-collected pollen
spectrum, with sequences deposited in public databases.

A factorial randomized block design tested the effects of
Place (11 orchards), Week (four weeks), and Pollen species
(11 taxa) on pollen quantity and percentage. Significant
effects were observed for all factors and interactions (P <
0.01). Litchi chinensis dominated the pollen profile, peaking
during Weeks 2-3, coinciding with peak anthesis. Non-
litchi species, such as Bombax ceiba and Pithecellobium
dulce, occurred at lower but variable levels across sites and
weeks. Spatial hotspots of litchi pollen were identified at
Manikagaji, Sahila, and Prahaladpur.

The findings highlight strong spatial and temporal patterns

in floral resource use during litchi bloom and demonstrate
the reliability of DNA barcoding for identifying pollen
sources. During peak flowering, Apis mellifera foraging
was dominated by litchi pollen but diversified with local
floral context and phenological stage. These results
provide valuable guidance for apiary placement, timing
of management interventions, and optimizing pollination
services. They also offer a foundation for refining the
regional floral calendar and managing supplemental floral
resources to enhance colony nutrition and maximize litchi
yield.

Recognizing the importance of continuous floral availability
to sustain colonies beyond the short litchi bloom, the
study explored the potential of planting diverse seasonal
flora to promote non-migratory beekeeping in litchi-
growing regions. By establishing and monitoring these
species, researchers evaluated bee foraging preferences
and the sequence of floral use across seasons. The findings
demonstrated that bees readily adapted to the supplemental
floral resources, as depicted in Figure 3.13 showing the
diverse plant species visited by honey bees during the litchi
and post-litchi periods.
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Fig. 3.13. Diverse types of pollen collected by Apis mellifera in litchi orchards

3.7 Entomofaunal Dynamics in  Litchi
Agri-Horticultural Systems: Diversity,
Abundance, and Ecological Interactions
(Bihar State Biodiversity Board)

Surveys conducted in litchi orchards across the districts of
Muzaffarpur, Samastipur, Vaishali, and East Champaran
revealed important information on pest incidence, natural
enemies, and pollinator diversity in litchi ecosystems (Fig.
3.14). The major insect pests recorded were the litchi fruit
and shoot borer, leaf roller, red weevil, litchi stink bug,
and litchi mite. Among these, the fruit and shoot borer was
found to be the most destructive pest, as its larvae damaged
flowers, young shoots, and fruits. This led to symptoms
such as distorted leaves, poor fruit retention, premature

fruit drop, and overall reduction in orchard productivity.

to foliage and developing fruits, while mites reduced plant
vigor and fruit quality.

A wide range of beneficial natural enemies was present in
the orchards. Parasitic wasps and predatory beetles were the
most abundant and played a major role in suppressing pest
populations. Their presence indicated a naturally occurring
biological control system that can help reduce dependence
on chemical pesticides.

The survey also recorded a rich diversity of floral visitors
and pollinators, including honeybees, bumblebees, and
hoverflies. Apis mellifera was identified as the dominant
pollinator, with its foraging activity closely matching peak
flowering periods. These findings highlight the importance
of conserving both pollinators and natural enemies for
sustainable litchi production and long-term orchard health.




ICAR

Fig. 3.14. Survey of different Litchi orchards in Muzaffarpur, Samastipur, Vaishali and East Champaran conducted under BSBB

4. Integrated Postharvest Management
to Reduce Losses, Improve Marketing

and Product Diversification

4.1. Investigation and management of post-
harvest losses in litchi

The present investigation was undertaken to evaluate the
persistence, safety and functional role of Bacillus subtilis

strain NRCL BS-01 on fruit surface, as well as assessing
the effect of different pre-harvest treatments on post-
harvest behaviour of fruits under ambient and cold storage
conditions. The study aimed to understand microbial
dynamics, biochemical changes and quality parameters
influencing fruit deterioration, and to develop safe and
effective interventions for extending shelf life.
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Studies on formulation of Bacillus subtilis strain NRCL
BS-01

(i) Development of suitable formulation for

Bacillus subtilis (BS-01) for field application
Different formulations of Bacillus subtilis (BS-01) were
evaluated to identify a suitable carrier system for maintaining
cell viability under storage conditions. The treatments
included Ringer solution, Ringer solution + trehalose (15
mM), SOC medium, MgSO, + skimmed milk (M-SKM),
MgSO, + sucrose, and distilled water (control). The results
indicated variable survival of bacterial cells under different
formulations, with a gradual decline in viability over time
under both room temperature and cold storage conditions.
After successive refinement of formulations, the addition of
Tween-20 and glycerol improved suspension stability and cell
viability. Among the treatments, the formulation comprising
distilled water + trehalose (2 mM) along with Tween-20
was found most effective in maintaining higher viable cell
count over extended storage. This formulation sustained cell
viability up to one year, indicating its suitability for field-level
application of Bacillus subtilis (BS-01).

(ii) Retention of cells of Bacillus subtilis on fruit
surface and viable count during storage
Progressive count of Bacillus subtilis before and after spray
on fruit surface and during storage at different interval was
assessed. Washing of three fruits in 100 ml distilled water
were taken for study and 0.1 ml was plated onto nutrient
agar (NA) plates. Results showed that cell count of Bacillus
subtilis on sprayed fruit surface were almost 14,000 times
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more than on control fruits (12.7x10°cells per fruitcompared
to 900 in control) on the day of harvesting. This showed that
spraying of BS formulation was successful in lodging fruit
surface with Bacillus subtilis cells. Progressive count of
Bacillus subtilis before and after spray on litchi fruit surface
and during storage at different interval was taken

(iii) Progressive pH changes in BS-01 treated
fruits during storage

To explore whether Bacillus subtilis colonization lowers the
surface pH of litchi fruits and enhances post-harvest shelf
life, an experiment was conducted. The hypothesis was that
Bacillus subtilis colonization on the fruit surface, following
a pre-harvest spray, may lead to a progressive decrease
in pH. Hence, an experiment was conducted to study the
effect of Bacillus subtilis (BS-01) colonization on surface
pH of litchi fruits during storage. The pH of fruit surface
was monitored at 0, 2, 4 and 6 days of storage at ambient
temperature (25°C) and compared with untreated control.

The results indicated a progressive decrease in surface pH in
BS-01 treated fruits over the storage period. The initial pH of
fruit pericarp was recorded at 5.90 (Day 0), which gradually
declined to 4.50 (Day 6). In contrast, control fruits showed
relatively stable pH with only minor fluctuations during the
storage period. The reduction in surface pH under BS-01
treatment indicates its potential role in modifying the fruit
microenvironment, which may contribute to suppression of
spoilage organisms and improvement in post-harvest shelf
life.

pH

6.00 7
5.00 1

4.00 1

300 4~
200 1~
100 1~
0.00 4= . ,

Before spray 0DAH
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4 DAH 6 DAH

Fig. 4.1. Progressive pH values of the Bacillus subtilis (BS-01) treated fruits over a storage period 6 days at ambient temperature (25°C)

Effect of different pre-harvest treatments on
shelf life of litchi fruits

The experiment was conducted to evaluate the effect of
different pre-harvest treatments applied 48 hours before
harvest on post-harvest quality and shelf life of litchi fruits
under ambient (25°C) and cold storage (4°C) conditions.

Various biochemical and quality parameters were assessed
during storage.

(i) Enzymatic activity (PAL, PPO and POD)
The activity of PAL, PPO and POD enzymes showed distinct

trends during storage. The activities of PPO and POD
increased progressively with storage duration under both




ambient and cold storage conditions; however, the rate of
increase was higher in control fruits as compared to treated
samples. Fruits treated with BS-01 exhibited comparatively
lower PPO and POD activity, indicating reduced enzymatic
browning and slower deterioration. In contrast, control
fruits showed higher enzyme activity, reflecting faster
quality degradation. The activity of PAL decreased over
the storage period, but the decline was relatively slower in
BS-01 treated fruits compared to control, indicating better
retention of phenylpropanoid metabolism and associated

quality attributes (Fig. 4.2 & 4.3).

(ii) Total phenolic content
Total phenol content decreased gradually during storage

under both conditions; however, significantly higher phenolic
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content was recorded in fruits treated with BS-01 and
ethnomedicinal plant extracts compared to control and other
treatments. The retention of higher phenolic content under
these treatments indicates reduced oxidative degradation and
better maintenance of fruit quality (Fig. 4.2 & 4.3).

(iii) Titratable acidity (TA) and total soluble
solids (TSS)

Titratable acidity showed a declining trend with storage
duration; however, the rate of decrease was comparatively
lower in BS-01 treated fruits than in control, indicating
delayed senescence. Total soluble solids (TSS) remained
largely comparable among treatments initially, but showed
a declining trend during prolonged storage, reaching up to
14.77°Brix in methionine-treated fruits (Fig. 4.4 & 4.5).
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Fig. 4.2. Effect of different pre-harvest treatments on different enzymatic activity (PPO, POD, PAL) and total phenols of litchi fruits

during ambient storage (25 °C)
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Fig. 4.3. Effect of different pre-harvest treatments on different enzymatic activity (PPO, POD, PAL) and total phenols of litchi fruits

during storage at 4 °C

(iv) Anthocyanin content

Anthocyanin content decreased progressively during
storage across all treatments. However, fruits treated with
BS-01 and Hathisud extract recorded comparatively higher
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initial anthocyanin content and showed slower decline
during storage than control. This indicates better retention
of pericarp colour and reduced pigment degradation under
these treatments (Fig. 4.4 & 4.5).
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Fig. 4.4. Effect of pre-harvest treatments on titratable acidity (TA) and anthocyanin content of litchi fruits during storage at ambient conditions
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Fig. 4.5. Effect of pre-harvest treatments on titratable acidity (TA) and anthocyanin content of litchi fruits during storage at 4[]

(v) Fruit decay and browning

Fruit decay and browning increased with storage duration,
with comparatively higher values under ambient conditions
(25°C) than cold storage (4°C). Among the treatments, BS-
01 was the most effective, recording the lowest fruit decay
and browning index throughout the storage period under
both conditions, indicating consistent suppression of post-
harvest deterioration.

YRR

At ambient storage, BS-01 treated fruits recorded mean
fruit decay of 1.48% and browning index of 0.50 at 30 days,
reflecting superior shelf life and quality retention. 1-MCP,
nisin and salicylic acid exhibited moderate but stable
efficacy, particularly at later storage stages, while Guma
extract showed initial effectiveness but declined over time.
In contrast, untreated control fruits recorded the highest
decay and browning.
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Fig. 4.6. Effect of pre-harvest spray treatments on fruit decay and b

rowning of litchi fruits during storage at ambient conditions (25°C)
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Fig. 4.7. Effect of pre-harvest spray treatments on fruit decay and browning of litchi fruits during storage at at ambient conditions (25°C)
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Fig. 4.8. Effect of BS-01 treatment on litchi fruits after 6 days of storage at room temperature

4.3. Post-harvest management and by-product

utilization of litchi fruit

Preparation of litchi leather

For the preparation of leather following hydrocolloids were

Pectin (3% for gelling effect)
CMC (0.5 -1% for better texture)

Maltodextrin (15%): for flavour entrapment and

preventing thermal damage

Glycerol (1-3%): for elasticity
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Fig 4.9. Litchi Leather

Table 4.1. Experimental Design for Optimizing CMC and Plasticizer (Glycerol) Ratios in Litchi Coating Solutions.

Treatments Explanation
S1 0.5% CMC; 1% Glycerol
S2 1% CMC; 1% Glycerol
S3 0.5% CMC; 3% Glycerol
S4 1% CMC; 3% Glycerol

Fig 4.9. Radar curve shown here represents that the highest value of
almost all the sensory attributes are achieved in S4 i.e. 3% glycerol
and 1% CMC

e The thickness of leather was maintained as 3 mm in all
the trails.

o The water activity in all the trails was found lesser than

0.6 (0.33-0.37) representing microbial safety of all the
samples

e Colorimetric analysis showed lightest colour in S4
(L*=37) showing better sensory property

Comparative evaluation of physicochemical and
functional properties of starch extracted from
litchi (Litchi chinensis) seed slurry and powder

This study comparatively evaluated ultrasound-assisted
starch extraction from litchi seeds using Wet-Slurry (T1)
and Dry-Powder (T2) methods. The Dry-Powder approach
(T2) demonstrated superior extraction efficiency, yielding
significantly higher starch recovery (32.06+ 0.09) and
amylose content (22.86+ 0.04) compared to T1. While
both treatments maintained low moisture (<9.3) and water
activity (aw < 0.35), T2 produced a lighter starch (L* =
71.62) with a higher Hausner Ratio (1.31) and Carr Index
(0.23), indicating distinct flowability characteristics. These
results suggest that the dry-powder method is the more
effective processing route for upcycling litchi seed waste
into high-quality functional starch.

Table 4.2. Comparative Evaluation of Starch Extracted from Litchi Seed Slurry (T1) and Powder (T2).

Parameter Unit Seed Slurry (T1) Seed Powder (T2)
Starch Recovery % 30.19+0.04 32.06+0.09
Amylose Content % 21.99+0.20 22.86+0.04
Moisture Content % (wb) 9.28+0.10 9.06+0.14
Water Activity - 0.34+0.00 0.32+0.00
Bulk Density kg/m’ 392.08+1.09 362.45+5.22
Tapped Density kg/m’ 464.69+1.30 474.94+6.84
Hausner Ratio - 1.1840.00 1.31+0.00
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Parameter Unit Seed Slurry (T1) Seed Powder (T2)
Carr Index - 0.15+0.00 0.23£0.00
L (Lightness)* - 67.78+0.61 71.62+0.30
a (Redness)* - 9.95+0.08 9.67+0.11
b (Yellowness)* - 21.44+0.09 22.26+0.20

Optimization of sensory parameters of litchi
fiber riched cookies using RSM

This
(RSM) to optimize the sensory and physical properties of
cookies enriched with litchi pomace fiber, focusing on the

study utilized Response Surface Methodology

interaction between litchi fiber content (5-15%), baking
temperature (170-210°C), and baking time (15-21 min).
The 3D response surface plots reveal that while increasing
fiber levels tends to elevate cookie hardness due to higher
water-binding capacity, there is a specific equilibrium
where sensory scores for taste, appearance, and texture
are maximized. The optimization analysis identified a
highly desirable solution (Desirability = 0.935) at a 5%
litchi fiber concentration, baked at approximately 190.4°C

Increase in Spread Raso @)

i@

i

Linchi filser (%)

for 15.3 minutes, demonstrating that litchi pomace can
be effectively upcycled into a functional food ingredient
without compromising consumer acceptability.

Table 4.3. The dependent variables/responses were
taken as follows:

R1 Hardness
R2 Increase in Spread Ratio (%)

R3 Appearance

R4 Sensory Colour

RS overall sensory score

R6 Sensory Taste Score

R7 Sensory texture

AfQesrance

Baking Temperature [*C1 g

Letchi Bher %6
L - |

Baking Termperaturs (*C1  j@o
Litche Bilaesr %)
we 5
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Fig. 4.10. RSM plots of different response variables as affected by input variables
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Fig. 4.11. Ramp plot showing the optimum response

Ultrasound assisted extraction of bioactive
compounds from litchi seed

This experiment investigated the optimization of Ultrasound-
Assisted Extraction (UAE) for recovering bioactive
compounds from litchi seeds, specifically analyzing the
impact of sonication power (20-100% amplitude) and
solvent systems on Total Phenolic Content (TPC), Total
Flavonoid Content (TFC), and Antioxidant Activity (%
RSA). The results demonstrate a clear dose-response
relationship where