November 2025 ISSN : 2583 7869

THE PAHADI

Agriculture

E-MAGAZINE
OLUME-03 ISSUE-11




Table of Contents

Honeybees and Sustainable Agriculture: A Balanced
ECOSYSTEIM .ttt ettt e st e s e s s ae e e s e e e anaees 1
*1Aksh Tyagi and 2Yogita Kabdal
*1 Department of Rural Technology (School of Agriculture & Allied Sciences),
Hemvati Nandan Bahuguna Garhwal University (A Central University), Srinagar
Uttarakhand
*2 PhD Scholar, Department of Horticulture, G.B Pant University of Agriculture
and Technology, Pant Nagar, Uttarakhand

Vertical Farming: Growing Fruit Plants in Urban Spaces....... 5

Manuj Awasthi' and Amit Bhatt?

1Teaching Associate, Department of Fruit Science, C.S. Azad University of
Agriculture and Technology, Kanpur U.P.

2Assistant  Professor, Department of Horticulture, School of Agricultural
Sciences, Sri Guru Ram Rai University, Dehradun Uttarakhand, India.

T Yo 7 wrest fiesg U7 T Sishuenie B W THIE 3R T ......9
TR0 FHTL, i TTHT, wfter AR I, “aie i ue o verfar
1,2&3rew TAT T foramT, <. awrea g WoR Srart ud anfehl foraforermara, Hfi,
e
4&5 T forg fersm, <Rert wrta FAw fewmerer waxr i foraforaner, aemgR

Breeding Techniques and Important DUS Traits of Durum

Wheat (TritiCum dUIUM) ......cocveereeeeeeceeereeereeeeneeseeesseeessesssseesseens 12
Vivek Kumar™ Juhee Kumari, Rabiya Jahan

Department of Genetics and Plant Breeding, Sam Higginbottom University of
Agriculture, Technology and Sciences, Prayagraj, UP

’ he F ahad’ Agl ICUItUI e “ﬂou”tal” Ag‘ ICUItUI e E‘“/,agazl”e

November| 2025




AH sleld, s h RILCECIR q|:°f| ledld

3N HAR THT, fbvd =, v fdoiar

HY IS dvx, THA, B

O (F¥) SR G TR o

A RffFsien i, Menfieht v g frafraem, s
Watercore in Kinnaur Apples: Challenges and Strategies for
RESIHENT OFCNANAS ...ttt eaeeere e 27

Arun Kumar, Durga Prashad Bhandari, Deepika and Budhi Ram
Krishi Vigyan Kendra, Kinnuar.
Protecting Willow Trees (Salix spp.): A Simple Guide for
Farmers to Identify Insect and Disease Resistance.................... 31
Aditi Sharma' and Naveen Katoch®
1Department of Silviculture and Agroforestry,
2Department of Plant Pathology

Dr. Yaswant Singh Parmar University of Horticulture and Forestry, Solan,
173230, Himachal Pradesh.

Role of Dairy Farming in Rural Economy ........................ 35
Vinod Upadhyay
Block- Pakhura, Tehsil- Someshwar, Distt- Almora

The Pahadi Agriculture Mountain Agriculture e-Magazine
November| 2025




- Page|l

PRy

THE PAHADI AGRICULTURE

www.pahadiagromagazine.in
The Pahadi Agriculture e-Magazine ISSN: 2583-7869
Volume-3, Issue-11 Article ID: 10393
Honeybees and Sustainable Agriculture: A Balanced Ecosystem
"L Aksh Tyagi and ?Yogita Kabdal
*1 Department of Rural Technology (School of Agriculture & Allied Sciences), Hemvati
Nandan Bahuguna Garhwal University (A Central University), Srinagar Uttarakhand

*2PhD Scholar, Department of Horticulture, G.B Pant University of Agriculture and
Technology, Pant Nagar, Uttarakhand

Honeybees are the major pollinator of agricultural crops and provide fundamental service to
grower-pollinator networks associated with crop production. They are responsible for producing
honey and other valuable products but also carry out tasks in pollinating an array of food crops
that serves to improve crop yield and enhance crop quality. Honeybees provide a direct
contribution to the sustainability of agricultural systems by supporting aspects of ecological
integrity and less reliance on chemical inputs and also provide positive benefits to local
economies, rural communities, and human well-being through apiculture. Despite their
significant contributions to sustainable agricultural systems, honeybee populations are currently
under multiple and severe threats from pesticide use, climate change, and disease, and their
decline is a direct threat to food security globally and the health of ecosystems. This article
assesses the contributions of honeybees to agricultural systems, their benefits to the environment,
their threats, and conservation strategies, emphasizing their underlying model for achieving a
balanced and sustainable agricultural ecosystem.

Keywords: Honeybees, Pollination, Sustainable Agriculture, Biodiversity, Apiculture, Crop
Productivity
Introduction

chemicals and increasing the quality of

Agriculture is the foundation of civilization
and it generally relies on nature’s quiet and
hard-working agents — honeybees. They are
often unnoticed; these tiny pollinators exert
tremendous influence over productivity and
sustainability in food systems around the
globe. By transferring pollen from flower to
flower, honeybees drive fertilization processes
and help determine fruit set, stabilize seed
formation, and impact yield in all crops. In
sustainable agriculture, honeybees support
environmental integrity and sustainability by
helping to lower reliance on pollination
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produce.

However, due to modern agricultural
practices, habitat destruction, exposure to
pesticides, and climate change, honeybee
populations face ongoing threats and pose
concerns about the future viability of
ecosystems and food systems. It is important
to acknowledge and protect the role of
honeybees for both ecological validity and
sustainable agricultural systems.

Role of Honey bees in Agriculture
Honeybees are small architects of the nature
working to promote agricultural and
ecological balance. The most important role
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of honeybees is to do pollination. Crops such
as apple, almond, mustard, sunflower, and
clover prized for their pollination services will
yield more with bee activity. They also
improve quality through increasing fruit size,
fruit colour, fruit texture, and nutrition.
Honeybees promote cross-pollination, which
increases genetic variation in plants, and
thereby increases resilience of crops to pests,

diseases, and environmental stressors.

Genetic variation is critical for sustainable
agriculture systems and maintaining farm
resilience without excessive reliance on
inputs. Honeybees also promote the
development of sustainable livelihoods.
Through  beekeeping  activities,  rural
communities are able to supplement their
income through honey, beeswax and other by-
products providing increased viability and
inclusion in agricultural practices. Farmers
that adopt bee-friendly practices such as
planting flowering cover crops, hedgerows,
and using fewer pesticides also improve the
sustainability of their farm by retaining soil
fertility and farm productivity for future
generations.

Environmental and Economic Benefits of
Honeybees

Honeybees represent a living link between
ecological health and economic vitality. The

ecological aphorism begins with pollination;
The Pahadi Agriculture
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honeybees are essential to flowering plant
reproduction to maintaining biodiversity,
stabilize ecosystem, and nourish untold
organism’s dependent on flowering plant
species for survival. Honeybee pollination of
wild plants also prevents soil erosion,
increases carbon sequestration, and strengthen
food webs - which are important components
of environmental sustainability. Without
honeybees, many ecosystems would fall silent
and live along with them, having diminished
ecological diversity.

In an economic sense, honeybees contribute
billions to the local and global agricultural
economy every year. In addition to improving
the quality and quantity of crops, honeybees
provide additional income streams for farmers
through  beekeeping. Honey, beeswax,
propolis, royal jelly, and pollen are valuable
products that provide the means for rural
livelihoods and promote entrepreneurial
behaviour in farming communities.
Honeybees may define the essence of
sustainability, meaning meeting our needs in a
way that does not cause harm to the balance in
nature, by connecting biodiversity protection
and economic growth. Protecting honeybees
is an act not only for the environmental good,
but also a long-term investment in the health
and wealth of our world.
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Threats to Honeybee Population
Although they are vital to our ecosystem and
economy, honeybee populations around the
globe are experiencing a rapid and alarming
decline that is severely affecting agriculture
and food security. The causes are numerous
and interrelated - they stem from modern
agricultural practices, habitat destruction and
climate instability.

Pesticides: The broad use of chemical
pesticides,  particularly  the use of
neonicotinoids, has been a primary
contributing factor to bee death and mortality.
Habitat Destruction: Honeybees have lost
their natural foraging habitats, and when there
are fewer flowering plants and nesting
resources, bees will not have enough food to
sustain the nutritional levels necessary to
support colonies.

Climate Change: Higher temperatures,
unpredictable changes in rainfall, and changes
in the bloom patterns of flowering plants have
severely disrupted the mutually dependent life
cycle of bees.

Diseases and Parasites: Parasites such as
Varroa destructor and pathogens such as
Nosema compromise bee immune function
and overall health, leaving colonies more
vulnerable to collapse.

Strategies for Conservation of Honeybees

The Pahadi Agriculture
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It is important to protect honeybees in order to
uphold agriculture and to balance the
ecosystem. Some of the primary strategies are
promoting bee-friendly agricultural practice
through reduced pesticide use with integrated
pest management (IPM), cultivating flowering
crops, wildflower strips, and ensuring nectar
is available year-round to the honeybees.
Strengthening apiculture development through
training in scientifically informed beekeeping,
financing, and cooperative approaches will
increase productivity and rural viability.
Restoration of habitat through protection of
forests and establishment of pollinator
corridors will support wild bee populations.
Research and education of farmers and
stakeholders on habitat, diseases and climate
stress along with promoting pollinator-
friendly methods and support for initiatives
such as National Beekeeping and Honey
Mission (NBHM) are needed. Collectively
these strategies can support honeybee
populations for sustainable agriculture and
healthy ecosystems.

Conclusion

Honeybees occupy a unique role at the nexus
of agriculture and nature, quietly knitting
together the threads of ecological balance,
food security, and prosperity in rural areas.
Their essential role as pollinators maintains
biodiversity, increases the yield and quality of
crops, and provides livelihoods for millions of
farmers and their families who rely on
honeybee-derived production. Sadly, their
numerous threats from pesticides, habitat
destruction, disease, and climate change put
not only honeybees at risk but the
sustainability of our global food system. As
such, protecting honeybees is not just an
ethical issue but vital for food security and
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development of our communities. Through
implementing integrated farmland systems,

natural habitat restoration, management
practices  that  promote  ecologically
sustainable  technologies,  while also
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promoting education and awareness of these
issues with  farming and consuming
communities, we will ensure a thriving future
for honeybees.
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Vertical Farming: Growing Fruit Plants in Urban Spaces
Manuj Awasthi* and Amit Bhatt?

Teaching Associate, Department of Fruit Science, C.S. Azad University of Agriculture
and Technology, Kanpur U.P.
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Sri Guru Ram Rai University, Dehradun Uttarakhand, India.
In a world where urban space is increasingly limited, the possibility of growing our own food in
small spaces becomes an urgent need and an opportunity full of innovation. Vertical cultivation
of fruit trees is emerging as a sustainable and efficient alternative for those who want to bring
agriculture to balconies, rooftops, urban patios, or even interiors. This approach is directly
related to the concept of vertical gardens, which are becoming more and more popular.Thanks
to the advancement of agricultural technologies, it's now possible to optimize every available
inch through vertical systems that not only save space but also more efficiently use water,
energy, and nutrients. If you're considering setting up your own vertical fruit orchard or
exploring new ways to grow fruit in small spaces, this article covers everything from the most

commonly used systems to the most creative designs.

What is vertical farming for fruit trees?
Vertical farming is an agricultural technique
that involves stacking plants on vertical
structures, maximizing the use of available
space. Although it is commonly associated
with  leafy greens, herbs, or small
vegetables, Fruit trees can also be adapted to
vertical systems if suitable species are chosen
and pruning and root containment techniques
are applied. An example of this is
the cultivation in vertical gardens. This type
of agriculture can be set up both indoors and
outdoors, taking advantage of walls, shelves,
A-frames, or even towers specially designed
to hold pots with small or dwarf fruit trees.
The key is to maintain controlled conditions
of light, humidity, temperature and
nutrients to ensure healthy growth.

Vertical crops
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Not only do they allow more crops to be
grown in less space, but they also reduce the
carbon footprint by bringing food production
closer to urban centers and limiting the use of
pesticides thanks to their controlled
environments. This technique can be
compared to the practices used in hydroponic
crops.

Advantages of growing fruit trees vertically
Vertical farming is not just an aesthetic or
spatial solution: It brings a series of benefits
for both the producer and the environment.
These are its main advantages:

Efficient use of space: ideal for balconies,
terraces or small patios where horizontal
space is scarce.

More stable harvests: it is possible to grow
crops Yyear-round, regardless of the weather
outside.
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Less use of water and fertilizers: recirculating
systems such as hydroponics or aguaponics
can save up to 95% of water compared to
traditional cultivation and 70% of fertilizers.
Reduction of pests and diseases: being in
closed or elevated structures, trees are less
exposed to adverse conditions.

Improved air quality: Plants provide oxygen
and help filter urban pollutants.

Furthermore, the transportation and storage of
fruits is reduced, as these crops are often
located in urban areas, resulting in fresher
fruit with a smaller environmental footprint.
For more information on crop planning, you
can consult the article on crop association.
Soilless cultivation techniques applicable to
fruit trees.One of the keys to modern vertical
farming is the use of soilless systems. These
methods allow for greater nutritional and
health control of the crop. And yes, Some of
these techniques can also be applied to small
fruit trees, especially dwarf varieties or fruit
bushes. Let's look at the main ones:
Hydroponics in small fruit trees
Hydroponics involves growing plants directly
in a nutrient-rich water solution. It can be
used in Dwarf fruit trees such as mini lemon
trees, kumquats, figs, or apple trees. The roots
are placed in pots with inert substrates such as
perlite or coconut fiber, avoiding the use of
soil. This system allows vertical growth
through modular shelving and containers.,
with automated control of irrigation and
nutrients.

Aeroponics for greater resource efficiency
Aeroponics elevates roots in the air and
supplies them with nutrients through fine
mists. Very effective for oxygen, It has been
successfully used in high-tech space and
urban farming. Although it requires more
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precise technical control, it can be applied to
some adapted fruit species. Its main advantage
is the optimal use of water and space per
floor, reducing the risk of rot and maintaining
rapid growth.

Aquaponics

Aquaponics combines fish farming with
hydroponics. The waste generated by fish is
transformed into nutrients for plants. and
these clean the water, which returns to the fish
tanks. This system is ideal for sustainable,
educational or domestic projects, in
which Fruit trees such as upright strawberries,
cherry tomatoes or even low trees such as
guavas or small blueberries.

Structural systems for vertical cultivation
The key to success in vertical fruit farming
depends not only on the cultivation system,
but also on the physical structure that supports
plants. There are several options depending on
the type of plant, available space, and desired
aesthetic:

Vertical towers

These are cylinders or modular structures that
allow planting along  their  entire
perimeter. They are ideal for strawberries,
raspberries or small bush fruit trees.They can
be placed on terraces or small patios,
maximizing the yield per square meter.
Stacked shelves or racks

The most common option in
urbangreenhouses. The trays or pots are
arranged in layers, which allow for good
management of irrigation, ventilation and
light. They require accessible maintenance and
overhead space. For more details on this topic,
see the article on vertical planter.

Green walls and vertical gardens

They consist of panels that can be mounted on
exterior or interior walls. Pots fitted into
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modules are used that can contain ornamental
plants, herbs or small fruit trees. Its aesthetic
appeal is ideal for urban housing.

A-frames

A triangular structure that allows you to place
pots or trays on each side, taking advantage of
the light and facilitating harvestingVery
useful for strawberries and citrus fruits.
Mobile containers

They are stackable and modular systems that
can be transported or relocated as
needed. They are perfect for flexible or
experimental urban gardens, with rotating
crop cycles.

Technological innovations and their
incorporation into vertical farming
Technology is  revolutionizing  urban

agriculture thanks to tools that improve the
efficiency, sustainability, and convenience of
the process. These innovations are already
present in vertical cultivation systems for fruit
trees.:

Smart LED lighting: allows you to adjust the
intensity and spectrum according to the type
and stage of the plant. Ideal for interiors with
little natural light.

Automated irrigation: through sensors and
systems controlled by mobile apps, water use
IS optimized, reducing waste.

Remote monitoring: it is possible to know
conditions such as humidity, pH, temperature
or CO; levels, key to correcting in time and
avoiding losses.

Management Software: some platforms
allow plan planting, harvesting, nutrition
alerts and light distribution, all from your
mobile or computer.

Design and Decoration: Stylish Vertical
Gardens

The Pahadi Agriculture
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In addition to being productive, vertical
gardens can be authentic design elements with
sustainable materials such as recycled wood,
eco-friendly plastic, or metal structures with a
rustic or industrial finish, food growing can be
aesthetically integrated into apartments, attics,
or patios.
Creating a vertical edible garden allows you
to merge nature and functionality.. It also
improves air quality, provides freshness and
color, and acts as an acoustic or thermal
insulator. Some ideas include:
e Decorative hanging pots with strawberries
or raspberries
e Vertical wood panels with lavender or
mini citrus
e Pergolas with grape or passion fruit vines
Vertical cultivation of fruit trees in small
spaces is not a passing fad, but a real and
effective response to the challenges of
urbanization, climate change, and the pursuit
of sustainability. Thanks to technological
development and the adaptation of
agricultural techniques, it is now possible to
produce fresh, quality fruit from a balcony, a
rooftop, or even an interior wall. With the
correct selection of adapted species, an
appropriate structure, and the use of systems
such as hydroponics, aeroponics, or
aquaponics, Anyone, regardless of experience,
can become an urban farmer and contribute to
creating more sustainable, self-sufficient and
green cities.
Challenges of Growing Fruit Crops in
Vertical farming
Light requirements fruit crops generally have
higher light requirements compared to other
crops. They need intense light for longer
periods to support flowering and fruit
development. Meeting these needs with
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artificial lighting can be energy-intensive and
costly. Additionally, providing the right
spectrum and intensity of light to mimic
natural sunlight is more complex and requires
advanced LED lighting systems.

Pollination

Unlike leafy greens, many fruiting crops
require pollination to produce fruit. In
traditional farming, this is often facilitated by
insects like bees or through wind. In a vertical
farm, where these natural pollination methods
are not available, alternative solutions must be
employed. This could involve manual
pollination, the use of pollinator insects within
the controlled environment, or the
implementation of automated pollination
systems, all of which can increase operational
complexity and costs.

Space and structural challenges

Fruiting crops often grow larger and heavier
than leafy greens, requiring more vertical
space and stronger support structures. This
necessitates careful planning in terms of space
allocation and farm design to accommodate
the growth habits of these plants.

Nutrient Management

Fruit crops have different  nutrient
requirements compared to other crops. They
often need a higher and more complex mix of
nutrients, particularly during the flowering
and fruiting stages. Managing these needs
within a vertical farming system requires
precise control of nutrient solutions and may
involve more sophisticated hydroponic or
aeroponic setups.

Economic Viability

The Pahadi Agriculture
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The higher energy and infrastructure costs
associated with growing fruit crops in a
vertical farm can impact the economic
viability of these operations. While the ability
to produce premium, out-of-season fruits can
command higher prices, the increased costs
must be carefully balanced against potential
revenue. This makes market research and
financial planning critical components of any
vertical farming venture involving fruiting
crops.

The Future of Fruit Crops in Vertical Farming
Despite the challenges, the future of fruit
crops in vertical farming is promising. As
technology advances, many of the obstacles
currently facing vertical farmers are likely to
be overcome. For example, improvements in
LED lighting  efficiency,  automated
pollination techniques, and nutrient delivery
systems are making it increasingly feasible to
grow  fruiting crops in  controlled
environments. Urban Crop Solutions is at the
forefront of these innovations, working to
develop systems and solutions that make
vertical farming of fruiting crops more
efficient and profitable. We are committed to
helping our clients navigate the complexities
of this exciting frontier in agriculture,
providing them with the tools and expertise
they need to succeed. As consumer demand
for fresh, local, and sustainably grown
produce continues to rise, vertical farming of
fruit  crops represents a  significant
opportunity. By embracing the potential and
addressing the challenges, vertical farms can
play a key role in the future of global food
production.
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Breeding Techniques and Important DUS Traits of Durum Wheat

(Triticum durum)
Vivek Kumar™ Juhee Kumari, Rabiya Jahan
Department of Genetics and Plant Breeding, Sam Higginbottom University of
Agriculture, Technology and Sciences, Prayagraj, UP
Durum wheat (Triticum durum Desf.) is an important crop in arid and semi-arid regions
because of its drought stress tolerance, high protein content and unique grain quality.
Conventional breeding techniques (pedigree and bulk selection) and modern marker-assisted
and genomic selection methods have increased yield, stress tolerance and grain quality.
Distinctness, Uniformity and Stability (DUS), based on PPV & FR has been suggested as a basis
for the certification of variety and the protection of intellectual property. Adopting DUS
assessment within innovative breeding schemes to produce phenotypically distinct, genetically
stable and high-yielding durum wheat cultivars which underpin innovations in sustainable

agriculture.
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Introduction

Durum wheat (Triticum turgidum ssp. durum
Desf., 2n = 4x = 28, AABB) is an important
crop around the world beloved for use in
semolina-based products such as pasta,
couscous and bulgur. Its adaptability to the
dry and semi-arid environment, high protein
content, and golden colour endosperm makes
it as a staple food (Tadesse et al., 2015).
“Average yield, drought tolerance, and grain
quality have been increased in response to
selected breeding strategies, including
pedigree, bulk, marker assisted, and genomic
selection for high-yielding varieties (Faris et
al., 2003; Sood et al., 2009).” Apart from
genetic advancement, Distinctness,
Uniformity and Stability (DUS) testing
provides varietal identification, purity and
legal protection (Khare and Kushwah, 2023).
Palynomorphological ~ features  including
spiking behaviour, awn morphology, glume
morphology and plant habit are contributing
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factors for discrimination between varieties

and the seed certification (Konopatskaia et al.,

2016). Coupling DUS testing and smart

breeding technologies will hasten variety

development, secure intellectual property, and

provide climate-resilient cultivars for many

Agro-ecological zones.

Breeding Techniques and Crossing Procedure

in Durum Wheat: The high self-pollination

rate of durum wheat (Royo et al., 2009)

makes it suitable to conventional breeding.

The breeding methods and the crossing

processes which are widely practiced are

mentioned below.

Stepwise Technical Protocol

1. Parental Selection

e Choose phenotypically opposite sexes
(male donor, female recipient) of genetic
differentness.

e The parents must also be healthy and be
on an equivalent level of maturity.
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Spike of Females: 2-3 days prior to
anthesis; of Males: At full anthesis.

. Emasculation

Time: 3:00-6.00 p.m. (florets softened,
easy to manipulate).

Stage: Booting stage, not
immature anthers (green/yellow).
Procedure: Break glumes open using
forceps, extract all three anthers, de-glume
10- 15 florets, bag with glassine paper.
Identification: Mark emasculated spike,
name of female parent date.

dehisced,

. Pollination

Time: Early morning (7 to 9 am.), as
stigmas are receptive.

Pollen Collection: Male florets when they
are in anthesis; stomp to dislodge yellow
pollen.

Technique: Take bag off, brush fresh
pollen on to stigmas, re-cover bag and re-
tape.

Visual Clues: Receptive stigmas are
fluffy, shiny, white cream; dry or brown
avoids being pollinated.

. Tagging and Record Keeping

Label with cross (@ x ), date of

emasculation/pollination and trait
objective using waterproof labels.

Keep field crossing and laboratory
crossing.

. After Pollination and Seed Harvest.

Examine seed set in 10-14 days.

Mature F1 seeds are ready 25-30 days
later (grain hard, spike golden).

Store seeds at 15C, 30-40 percent RH dry
and clean.

Critical Notes

Avoid selfing: remove all anthers.
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Make several crosses in order to minimize
the risk of failure.

Use glassine bags (moisture control,
fungal prevention).

Freshly collected pollen is best.

Important DUS Traits of Durum Wheat: A
variety of DUS testing, required by the
PPV&FR Act, provides a guarantee of varietal
distinctiveness, stability, and uniformity of
durum wheat (Triticum durum) in terms of
key morphological descriptors (Khare and
Kushwah, 2023).

1. Early Growth Traits (30-50 DAS)

Coleoptile Pigmentation: Green or purple
(9-11 DAS).

Growth ~ Habit:  Erect,  semi-erect,
intermediate, semi-spreading or spreading
(30-45 DAS).

Foliage Colour: Light green, green, dark
green (flowering).

Auricle: Is colourless, purple, or dark
purple; no pubescence, medium, or strong
(49-50 DAS).

Attitude Flag Leaf: Erect, semi erect,
drooping (49-50DAS).

2. Heading and Booting Stage (60-65 DAS)

Days to Ear Emergence: Very early (<80
DAS) to very late (>110 DAS).

Waxiness: shall not have, strong, very
strong (flag leaf, ear, peduncle).
Morphology Flag Leaf: Length (short less
than 20 cm, medium between 20.1 and 30
cm, long more than 30 cm); Width
(narrow less than 1.5 cm, medium 1.51cm,
broad more than 2.0 cm).

3. Maturity Stage (75-92 DAS)

Plant Height: Short (Less than 75 cm) or
very tall (More than 120 cm).
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e Ear Traits: Shape (tapering, parallel,
clubbed, fusiform); Density (very lax-
very dense); Length (very short <5 cm to
very long > 11 cm).

e Awns: Presence (awned, awnless,
scurred); Length (between 10 and 16 cm);
Colour (white, light brown, dark brown,
black); Attitude (appressed, medium,
spreading).

e Ear Colour: Dull white, light brown, dark
brown.

e Pubescence: Not present to very intense.

. Glume and Peduncle Features

Outer Glume: Shape of the shoulders
(sloping, round, elevated, straight); Width
(narrow-very broad); Beak shape (straight
-strongly curved); Beak length(less than 1
mm to greater than 7 mm).

e Peduncle: Length (less than 30 cm in the

short, 30-45 cm in the medium, more than

S

(Triticum durum)
Integration  of
Evaluation

Modern durum wheat (Triticum durum)
enhancement is based on the integration of
breeding techniques including pedigree
selection, MAS and GS with Distinctness,
Uniformity and Stability (DUS) testing.
Although the complex traits are aimed at

The Pahadi Agriculture

Breeding and DUS

Fig. Glimpses of key DUS (Distinctness, Uniformity, and Stabilit)
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45 cm in the long); Attitude (straight,
curved, crooked).

5. Grain Characteristics
Grain Colour: White, amber, red, black
(durum preponderated amber).

e Grain Form: Round, ovate, oblong,

elliptical.

e Grain Width: Narrow, medium, wide.

e Brush Hair Length: Very short, medium,
long.

e Grain Size (TGW): Small (<35 g),
medium (35-40 g), large (40-45 g), very
large (>50 g).

e Phenol Reaction: None to very dark
(pericarp enzyme activity).

e Grain Hardness (SKCS index): Hard (>
75), semi-hard (50-75), soft (50) [durum is
mostly hard].

R

rum wheat

-

traits in du

during breeding, such as yield, drought, and
grain quality, DUS testing is a guarantee that
cultivars are phenotypically consistent,
genotypically uniform, and morphologically
differentiated using characteristics such as
spike morphology, glume colour, awn type
and plant architecture (Konopatskaia et al.,
2016). The genes regulate key agronomic
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characteristics, such as threshability, spike
compactness, and rachis fragility such as Q,
sog (soft glume), and Tg (tenacious glume),
respectively (Sood et al., 2009; Konopatskaia
etal., 2016). T

Challenges and Future Prospects

Durum wheat improvement is limited due to
climatic stress factors which also include
increasing temperature, aberrant rainfall
leading to limited productivity and
adaptability. The narrower genetic base of
modern cultivars has reduced the level for
increases in complex traits such as yield and
drought tolerance. DUS testing is labour-
consuming and environment-sensitive,
waiting for the release of cultivars by such
procedures and adopting high throughput
phenotyping remains limited in terms of cost
and infrastructural limitations.

Future Prospects:
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Integration of genomic-assisted DUS testing
with artificial intelligence-based phenomics
can be used to accelerate the evaluation
process, improve precision and conserve
environmental variation. Pyramiding
resistance genes by marker assisted
backcrosses and CRISPR-Cas9 editing allow
sustainable resistance to Fusarium and rusts.
International collaborations with ICARDA,
CIMMYT and EURGEN increase the
exchange of germplasm, knowledge and
pipelines of new varieties to develop climate
resilient and high-performing varieties.
Conclusion

Improvement of durum wheat entails
combining conventional breeding with novel
genomic and phenomic methodologies, and
varietal characterization and legal
safeguarding and morphological standards,
through the DUS testing.
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Watercore in Kinnaur Apples: Challenges and Strategies for Resilient

Orchards

Arun Kumar, Durga Prashad Bhandari, Deepika and Budhi Ram
Krishi Vigyan Kendra, Kinnuar.

Perched in the breathtaking heights of Himachal Pradesh’s Kinnaur district, where orchards
cling to slopes at 2,000-3,000 meters above sea level, apple farming is not just an occupation, it
is the lifeline of the farming community’s economy. In the higher regions of Kinnaur, orchards
predominantly cultivate varieties such as ‘Red Delicious’, ‘Royal Delicious’ and ‘Rich-A-Red’,
which achieve superior size, colour and market value but are inherently more susceptible to
watercore, irrespective of the newer high-colour strains or spur types that show slightly lower
susceptibility. In recent years, orchardists have also become keen on growing cultivars such as
‘Fuji’ and ‘Granny Smith’ for their exceptional juiciness and shelf life, varieties that likewise
remain vulnerable to watercore. Collectively, these cultivars have earned Kinnaur apples
national acclaim for their crisp bite, vivid hues and rich flavour that command premium prices,
albeit with the increasing risk of watercore susceptibility.

This success is rooted in Kinnaur’s mosaic of
microclimates: the lower Nichar block with its
high rainfall and warmer conditions but little
snow; the mid-altitude Kalpa block with its
balanced mix of rain and snow; and the high,
dry-temperate  Pooh block with heavy
snowfall but scant rainfall. The upper reaches,
famed as “cold generates gold,” also endure
intense UV radiation and sharp diurnal
temperature swings, warm days and cold
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nights that have long been celebrated for
producing premium-quality fruit. Yet these
same extremes now favour one of apple’s
most  troubling  physiological  disorders,
watercore, once rare but increasingly common
with erratic weather and evolving orchard
practices. Life and work in these high-altitude
orchards are harsh, but the exceptional fruit
quality traditionally offset that hardship.
Without understanding watercore’s basics and
management, however, its occurrence could
shift from occasional to routine, undermining
Kinnaur’s hard-won reputation. This article
blends science with local wisdom to equip
Kinnaur’s apple growers with actionable
strategies to identify, prevent and manage
watercore, safeguarding harvests, quality and
livelihoods for seasons to come.

Watercore: What It Is and Why It Matters
Watercore isn't a pest or pathogen; it's an
internal glitch in the apple's carbohydrate
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metabolism, where sorbitol (the main sugar
transported from leaves to fruit) accumulates
as a liquid in intercellular spaces, creating a
glassy, water-soaked texture. This disorder
manifests in two forms: block watercore (a
solid translucent zone around the core,
common in immature summer fruit) and radial
watercore (spoke-like streaks along vascular
bundles, typical in ripening fruit). Externally,
it's often invisible, but severe cases show
translucent patches under the skin, earning the
name "glassiness.” in healthy apples, sorbitol
converts to  fructose  via  sorbitol
dehydrogenase.

L fod Ddioos 2 Q,’d Dligeyg ¥Rk \.FuJi

In watercored fruit, this process falters,
flooding spaces with sorbitol-rich fluid.
Normal fruit has 20-35%  airspaces;
watercored ones fill these, blocking oxygen
and leading to fermentation, off-flavours
(alcoholic notes), and browning. Wisconsin
notes  symptoms  appear  pre-harvest,
worsening if picked overripe. Kinnaur's report
highlights radial watercore's prevalence here,
valued in Japan as "honeyed apples" but
devaluing produce in Indian markets due to
poor shelf life. In Kinnaur’s high-elevation
orchards yield late-season fruit for extended
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marketing, but watercore shortens storage to
weeks, forcing quick sales or processing at
lower profits. Internal breakdown were seen
in varieties like 'Jonathan' and 'Delicious’ if
stored beyond 2-3 weeks. With climate
change amplifying temperature swings, warm
days (boosting sorbitol flow) and cool nights
(slowing uptake), incidents could rise,
threatening your economic lifeline.

Kinnaur’s Unique Vulnerabilities: A Local
Lens

Kinnaur’s environment is truly a double-
edged sword. The same factors that built its
reputation for crisp, colourful, long-storing
apples, intense sunlight, high UV-B radiation,
sharp diurnal swings with warm days and cool
nights, and late rains, are also the very
conditions that now favour watercore. Micro-
climatic gradients across the district, from the
high-rainfall Nichar block to the snow-bound,
dry-temperate Pooh block, mean that orchard
management must be tailored block by block.
Research shows how high light and heat
increase cell-membrane permeability, leaking

Route of sorbitol transport form source (leaf) fo sink (fruit) and its contribution
0 watercore development.
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Key Factors Promoting Watercore in Kinnaur

Environmental

- High daytime temperatures (>30°C) and low nights (<10°C)

- Intense sunlight exposure

- Late-season rains delaying harvest

Cultural Practices

- Heavy thinning or light crops (high leaf:fruit ratio)

- Delayed picking beyond optimal maturity

- Ethrel sprays for ripening

Nutritional

- High N/B, low Ca in fruit

Genetic/Tree Factors

- Susceptible cultivars (e.g., 'Red Delicious', Rich -a Red’, Royal Delicious’, 'Fuji')

- Young/vigorous trees, large fruit sizes

sap, while cool nights impair sorbitol
absorption. Rejuvenated high-density
plantings, though boosting yields, expose fruit
more to direct sunlight on sun-drenched
slopes, amplifying susceptibility.
Compounding these climatic stresses are
orchard practices and soil conditions. Heavy
thinning or frost-induced light crops create
high leaf-to-fruit ratios that flood fruit with
photosynthates; large fruit sizes, the hallmark
of Kinnaur quality is more Susceptible.

High nitrogen and boron combined with low
calcium further weaken membranes, and the
district’s calcareous soils often limit calcium
uptake, increasing risk. Genetics add another
layer: cultivars like ‘Red Delicious’ and ‘Fuji’
are highly prone due to vascular structures
that hinder sorbitol transport. Young trees or
vigorous growth from ethrel sprays (Lower
regions) for colour, plus delayed harvests
aimed at premium late-season sales, push fruit
maturity and invite watercore. Economically,
the disorder is devastating, affected fruit can
brown within 30 days in controlled-
atmosphere storage, and seasonal losses can
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erode Kinnaur’s hard-won edge in domestic
and export markets.

Strategies to  Combat
Empowering Your Orchards
Victory over watercore starts with prevention,
tailored to Kinnaur's realities. SKUAST and
Wisconsin advocate planting less-susceptible
cultivars or rootstocks adapted to high
altitudes, consider 'Golden Delicious' or
'Mclintosh' as alternatives. Genetic vascular
differences explain susceptibility; can consult
local experts for hybrids.

Harvest timing is critical: pick at early
maturity using indices like starch-iodine (6—7
on a 1-9 scale), firmness (16-18 Ibs), and
soluble solids (14-15° Brix), per Kinnaur and
Michigan. Avoid delays, Wisconsin suggests
2-3 weeks early for storage fruit; adjust 10—
15 days later for Kinnaur's cooler north.
SKUAST notes overripe fruit floods with
sorbitol.

Nutrition balances the scales: maintain
optimal N:Ca:B ratios. Pre-harvest calcium
sprays (46  applications)  strengthen
membranes, reducing incidence by 20-30%

Watercore:
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(all sources). Moderate nitrogen/boron; soil
tests are key in Kinnaur's variable terrain.

Nutritional Aspects of Watercore in Apples
Nutrient  balance  strongly influences
watercore development. [Excess nitrogen
promotes vigorous growth and sorbitol
buildup, while too much boron delays fruit
drop and maturity, both raising risk. In
contrast, calcium is protective: it stabilizes
cell membranes, preserves tissue integrity,

and slows sorbitol export. Deficiency
Cultivar Resistance to Watercore

Resistant (No/Low Risk)

- Cortland, Gano, Golden Delicious

(variable), McIntosh

- Mutsu, Red Canada, Shinano Gold, Shinano
Sweet

Susceptible (High Risk)

- Fuji, Jonathan (variable),Rich-a-Red, Red
Delicious, Rome

- Stayman, Winesap, York Imperial

weakens fruit, allowing sap leakage and
greater susceptibility, especially in large fruit
or late harvests.

Role of Calcium

Adequate calcium reduces watercore by
strengthening membranes and regulating fruit
maturation. Low calcium, common in high-
elevation or large-fruited orchards,

exacerbates sorbitol accumulation and
predisposes apples to block or radial
watercore.

Impact of Nitrogen and Boron

High nitrogen increases fruit size and
vegetative growth, raising risk under humid or
nutrient-imbalanced conditions. Excess boron,
especially with low calcium, disrupts
carbohydrate metabolism, worsening
watercore in young or thinned trees.
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Management Strategies

Growers should avoid over-fertilization with
nitrogen and boron while emphasizing
calcium. Regular foliar calcium sprays,
gypsum or lime amendments, and balanced
fertilization  strengthen  fruit  resilience.
Complementary practices, thinning, pruning,
shading, and timely harvest further reduce
incidence and severity. Watercore poses a
growing threat to Kinnaur’s celebrated apple
industry, where premium fruit quality and
harsh mountain conditions are intricately
linked. The very factors that shape Kinnaur’s
reputation sharp temperature swings, intense
sunlight, and nutrient-challenged soils, also
magnify the risk of this disorder. Cultivar
susceptibility, imbalanced nutrition, and
delayed harvesting further compound the
challenge, shortening storability and eroding
market returns. Kinnaur’s unique climate
makes its apples world-renowned but also
vulnerable to watercore, a disorder that can
sharply cut storage life and profitability. The
solution lies in timely harvests, balanced
nutrition with a calcium focus, regulated crop
loads, and modern detection tools, supported
by localized research and farmer cooperation.
By adopting proactive strategies, nutrient
management,  maturity-based  harvesting,
canopy and crop-load regulation, and smart
postharvest care, growers can protect both
fruit quality and community livelihoods.
Safeguarding the legacy of Kinnaur apples
thus depends on blending scientific insights
with local wisdom, ensuring resilience against
watercore while preserving the district’s hard-
won reputation for exceptional fruit.
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Protecting Willow Trees (Salix spp.): A Simple Guide for Farmers to
Identify Insect and Disease Resistance
Aditi Sharma® and Naveen Katoch?
'Department of Silviculture and Agroforestry,
Department of Plant Pathology

Dr. Yaswant Singh Parmar University of Horticulture and Forestry, Solan, 173230,
Himachal Pradesh.
Willows (Salix spp.) are fast-growing, multipurpose trees that farmers rely on for timber,
firewood, baskets, and soil protection. Unfortunately, insects and diseases often reduce their
growth and yield. The most damaging problems are leaf-eating insects, stem borers, and rust
disease caused by Melampsora fungus. This study simple method for farmers to monitor insect
and disease attacks in their willow fields. By counting infested leaves and stems, using a step-by-
step rust scoring scale, and selecting resistant varieties, farmers can reduce losses and ensure

healthy plantations.

Introduction

Willows (Salix spp.) are multipurpose tree
species valued for their timber, fuelwood,
ecological restoration, and industrial use.
However, their productivity and survival are
severely challenged by insect pests and foliar

diseases, particularly rust caused by
Melampsora spp. Multiple insect
complexes—including aphids, caterpillars,

webworms, and borers infest willows, causing
defoliation, stem damage, and vyield loss.
Establishing standardized screening protocols
is essential for identifying resistant
clones/varieties and supporting integrated pest
and disease management strategies. It
outlines a systematic methodology for
assessing insect resistance, termite infestation,
and rust disease incidence in willow
germplasm.  The  protocol integrates
morphological, physiological, and molecular
approaches for comprehensive evaluation.
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Why Farmers Should Care

Willows are like money plants of the hills —
they grow fast, protect the soil, and provide
regular income. But just as good crops attract
pests, willow also attracts insects and
diseases. If not checked early, these pests can
destroy entire plantations. Resistant varieties
are the cheapest and most effective way to
protect willow. To identify them, farmers
need easy-to-follow methods that can be used
in the field without complicated lab tools.
Insect Infestation in Willow

Several key insect pests have been recorded
on willow:

e Aphids (Clavigerus smithiae) -
purple aphids infesting twigs in fall,
overwintering as eggs.

o Fall webworm (Hyphantria cunea) —
defoliates branches through web-
building, with larvae feeding inside
silk nests.
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Gypsy moth (Lymantria dispar) —

nocturnal feeder, causing severe
defoliation during May—June.

e Poplar and willow curculio
(Cryptorhynchus  lapathi) - a

destructive stem borer.
Poplar tentmaker (Clostera inclusa)
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generations per year, forming leaf
tents at twig tips.
These insect complexes directly affect leaf
integrity, stem structure, and overall plant
vigor, necessitating the identification of
resistant willow varieties.
2.1 Traits for Insect Resistance Evaluation

— caterpillars  present in two
Sr. No. | Category Traits / Parameters
1 Leaf Traits Leaf damage (holes, discoloration, necrosis)
Reduction in leaf area
Chlorosis and necrosis
Leaf curling or deformation
Presence of insect eggs, larvae, or frass
2 Stem Traits Lesions, cankers, or girdling
Swelling, galls, or breakage
Frass/sawdust indicating borer activity
3 General Plant Health Growth rate reduction
Survival percentage under infestation
Vigor index under stress
4 Physiological and  Chemical | Induction of secondary metabolites (phenolics,
Responses tannins)
Activity of defense enzymes (peroxidases,
polyphenol oxidases)
Hormonal changes (jasmonic acid, salicylic acid)
5 Resistance Mechanisms Physical barriers (trichomes, cuticle thickness)
Chemical defenses (allelopathic compounds)
6 Infestation Severity and | Severity index on a numerical scale
Distribution Mapping infestation spread across plant parts
3. Data recording
2.2 Methodology for Screening 10 plants observed randomly in each

Observations

1. Leaf infestation
% Infested Leaves = (Total infested leaves
+ Total leaves) x 100 (Abbott, 1925;
Kumar & Tripathi, 2017)

2. Termite infestation

% Infested Stems = (Total infested stems
+ Total stems) x 100 (Sharma & Thakur,
2022)
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replication (Kumar & Tripathi, 2017)
Assess both insect and stem infestation
percentages
This simple counting method helps
compare different willow varieties and
select those with fewer attacks FAO
(2019)

3. Disease Survey: Rust (Melampsora spp.)
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Rust disease is among the most prevalent and
damaging foliar diseases of willow. A
periodic survey of seedlings raised at Naganji
Farm will record incidence and intensity.
Disease Incidence (James, 1974)

Disease incidence (%) = (Number of diseased
plants + Total number of plants inspected) x
100

3.1 Disease Intensity (Toome, 2010, 0-6
scale)

1. Disease survey- Periodic surveys of
seedlings of willow grown in nurseries
inNaganji farm of Department of Tree
Improvement, College of Forestry, Dr. Y.S.
Parmar UHF, Nauni, Solan will be conducted
to record the disease incidence and intensity
of rust disease caused by Melampsora spp.

e Observations to be recorded:
(%)Disease incidence:
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The disease incidence (%) will be calculated
by the following formula (James, 1974)
Disease incidence (%) = Number of
diseased plants x 100
number

Total of plants
inspected

(%) Disease intensity:

The disease intensity (%) of plants showing
rust symptoms was calculated based on 0-6

grade scale (Toome, 2010)

Disease intensity (%) = Sum of all
numerical ratings x 100
Total number of ratings X
Max. grade
value

This scale will take into account both the
proportion of infected leaves and the density
of uredinia on infected leaves as follows:

Sr.No. | Rating | Description
1. 0 no rust found
2. 1 a few uredinia found, less than 5% of leaves infected
3 ) leaves often (5-25% of leaves) bear a few clearly visible or more barely
' recognizable uredinia;
4 3 leaves frequently bear uredinia (usually 25-50% of leaves), in average 1-2%
' of leaf area is covered with pustules
majority of leaves bear uredinia, up to 5% of leaf area covered with
5 4 rust pustules and plants may show slight defoliation (telia can be
found on fallen leaves)
6 5 most leaves bear numerous pustules, 5-25% of leaf area covered by pustules
' and plants show obvious defoliation due to rust (telia visible on fallen leaves)
most leaves with high density of rust pustules, 25% or more of leaf
7 6 area covered with pustules and plants show severe defoliation due to rust
(abundant telia on fallen leaves).

3.3 Rust Scoring Scale (0-6)
e 0: No rust
e 1: Few uredinia, <5% leaves infected
e 2:5-25% leaves infected, low pustule
density
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e 3:25-50% leaves with uredinia, 1-2%
leaf area affected

e 4: Majority of leaves with uredinia,
<5% leaf infected, mild
defoliation

arca

Mountain Agriculture e-Magazine
November| 2025




e 5: 5-25% leaf area infected, obvious
defoliation

e 6: >25% leaf area infected, severe
defoliation

Score your plantation once in early summer

and once in late monsoon. Resistant varieties
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Germplasm Screening

Willow germplasm from Naganji Farm will
be systematically screened for resistance
reactions to both insects and rust pathogens.
Resistant and moderately resistant clones will
be identified and recommended for varietal

will always show lower scores.FAO (2019)
3.4 Diagnostic Approaches
1. Morphological Identification
o Microscopy of urediniospores

development and registration.
Conclusion
This standardized protocol provides a
comprehensive framework for assessing
(ellipsoid, spiny surface) insect and rust resistance in willow varieties.
o Host range observation By combining field observations,
2. Environmental Correlations physiological markers, disease scoring scales,
o Recording RH, temperature, and molecular diagnostics, the methodology
sunshine hours, rainfall, and  ensures accurate identification of resistant
wind velocity clones. Adoption of this protocol will support
3. Molecular Characterization the conservation of willow genetic resources,
o DNA isolation and enhance productivity, and provide a
diagnostics foundation for integrated pest and disease
o DNA sequencing for species- management in  willow  improvement
level identification programs.

PCR
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Role of Dairy Farming in Rural Economy
Vinod Upadhyay
Block- Pakhura, Tehsil- Someshwar, Distt- Almora
Vinod ji manages a dairy in his community. His primary objective is to provide jobs for the

locals so they won't have to leave his village or region in search of work. In addition, he hopes to
better things for the people living in his town in the future by giving them more job opportunities.

Introduction

Currently, Vinod ji is the owner of
Dudhkedaram, a dairy farm. He was an army
officer before retiring. After 20-21 years of
service, he retired from the army in 2019. He
considered what he could do to help those
who were still residing in the mountains. How
can they get closer to him while
simultaneously making more money on a
daily basis. He decided to start a dairy farm as
a result.

In April 2022, he opened his dairy farm and
today after two years, he is delivering his
products to far-flung villages of the entire
district Almora and is also collecting milk.
Vinod ji tells that when his product was sold
in the market and the demand for his product
increased, he started collecting milk from far-
flung villages. After collecting milk, he
processes it in his unit and makes paneer and
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curd. Vinod ji finances needy farmers to buy
cows.Vinod ji tells that when he left his
village for a job, there were no job
opportunities in the mountains at that time. He
thought that in the future he will definitely do
such work in his village that just like he left
his mountains for a job, similarly no other
needy person should leave his mountains for a
job.

Area, Production and Marketing

Vinod ji tells that the processing unit is built
in 2000 square feet. And it has 2 floors, there
is storage on the ground floor and processing
unit and office on the 1st floor. Vinod ji tells
that their products reach places like Kausani,
Almora, Ranikhet, Takhula and Basauli etc.
and people like these products very much. For
marketing, he gave his pamphlets to all the
shopkeepers and told that he is doing
something for the mountain and will deliver
only mountain products to you and on hearing
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this all the people showed interest.

He told that he has done very good packaging
of his products so that people's attention gets
attracted towards his products and he has kept
his products completely organic. And today
because of these things people like his
products.

Employment

Right now there are 6 employers working
under him and there are people working on a
daily basis too. So in total there are 20 people
working under him. He currently has a
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permanent staff of 14-15 people and a
temporary staff of 5-6 people. The people
working under him are from the locals. The
permanent staff has an income of around
8000-20000 and those who come on daily
wages, their income is Rs 500 per day.
Production

Vinod Ji told that in the beginning his unit
produced 4 litres of milk and today he
processes 450 litres of milk per day. He tells
that he is not able to sell the milk because he
does not have enough milk to sell and he
processes all the milk. Vinod ji tells that he
has so much demand for paneer and curd that
he falls short of milk and hence he does not
sell milk. He is running the dairy on his own
and is not in partnership with anyone. Nor is
he associated with any government
organisation.
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