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Microgreens as a Sustainable Source of Nutrients for Human Health
Moinuddin, Ateeq Khan, Khulakpam Rahish Ahmed and Shadab Khan

Shri Guru Ram Rai University, Dehradun, Uttrakhand
Microgreens are young, nutrient-rich seedlings of vegetables. They contain exceptionally high
levels of vitamins, minerals, antioxidants, and bioactive phytochemicals, often surpassing the
nutrient content of mature plants. Their consumption has been associated with enhanced
immunity, improved digestion, reduced oxidative stress, and a lower risk of chronic diseases
such as diabetes, hypertension, and cardiovascular disorders. Due to their short growth cycle,
minimal resource requirements, and suitability for urban and indoor farming, microgreens offer
a sustainable and efficient way to enhance dietary nutrition. This paper highlights the nutritional
composition, health benefits, and significance of microgreens in promoting human health and
nutritional security.
Keywords: Microgreens, Nutrient Density, Antioxidants, Phytochemicals, Human Health,
Functional Foods, Chronic Diseases, Sustainable Nutrition
Introduction:
Microgreens are young, tender seedlings of
vegetables, herbs, and legumes harvested 7—
21 days after germination. Despite their small
size, they possess exceptionally high
concentrations of  vitamins,  minerals,

becoming an important part of healthy diets
around the world.

Nutritional Benefits of Microgreens for
Human Health

High Nutrient Density: Microgreens include

antioxidants, and phytochemicals. Due to their
nutrient density, microgreens are increasingly
recognized as a functional food providing
multiple health benefits. Microgreens are
young plants that are harvested when they are
small but full of nutrients. Although they look
tiny, they are packed with vitamins, minerals,
and antioxidants. Many studies show that
microgreens have much higher nutrient levels
than fully grown vegetables. Because of this,
they help improve immunity, provide
strength, and protect the body from diseases.
They can be grown easily at home, require
very little space, and grow very quickly. Due
to their rich nutritional value, appealing taste,
and health benefits, microgreens are

The Pahadi Agriculture

appreciably better concentrations of nutrients,
minerals, and bioactive compounds compared
to their mature opposite numbers, with studies
reporting four—40 times extra nutrient tiers in
line with unit mass.

Rich Antioxidant Profile: fhey are abundant
in antioxidants along with flavonoids,
phenolic acids, carotenoids, and nutrition C,
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which assist neutralize reactive o0xygen
species (ROS) and decrease oxidative
pressure-associated cellular damage.

Cardio Protective Effects: Microgreens
including red cabbage, mustard, and
fenugreek show off lipid-reducing houses,
contributing to reduced LDL Idl cholesterol,

advanced HDL tiers, and usual cardiovascular

protection.
Antidiabetic  Potential:  Species  like
fenugreek, moong bean, and mustard

microgreens display better levels of fiber and
polyphenols that assist higher glycemic
control, improve insulin sensitivity, and
gradual post-prandial glucose spikes. High
stages of nutrients A, C, E, and crucial
micronutrients decorate immune cell function,
improve resistance to infections, and assist
usual immune gadget activity.

Digestive Health Support: Dietary fiber and
prebiotic compounds in microgreens promote
intestine fitness by improving beneficial
microbiota, enhancing digestion, and reducing
incidence of gastrointestinal issues.

Bone Health Enhancement: Microgreens
along with lentil and finger millet are rich in
calcium, magnesium, manganese, and vitamin
K, supporting bone mineralization and
decreasing the chance of osteoporosis.

Vision Protection: Carotenoid-rich
microgreens (e.G., mustard) supply beta-
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carotene and lutein, which contribute to
retinal fitness, protect against age-related
macular degeneration, and guide universal
visible feature.The presence of bioactive
compounds like flavonoids, glucosinolates,
and omega-3 fatty acids contributes to
decreased systemic inflammation and may aid
in dealing with chronic inflammatory
situations.

Weight Management: Microgreens are low
in energy however high in fiber, facilitating
appetite regulation, improving satiety, and
supporting weight management techniques.
Functional Food Characteristics: Due to the
high  awareness of  fitness-promoting
phytochemicals, microgreens are increasingly
more seemed as practical foods with
capability programs in preventing persistent
illnesses

High Phytochemical Diversity: Microgreens
possess a wide range of phytochemicals such
as:

Glucosinolates (broccoli, mustard, radish)

Anthocyanins (red cabbage, beet,
amaranthus)

Phenolic acids (basil, coriander)

Lutein & f-carotene (spinach, kale)

These compounds show strong anti-

inflammatory,  anti-carcinogenic, and
detoxifying effects.

Conclusion:

Among the five tested vegetation, black
mustard and moong dal microgreens show the
great combination of increase rate and
nutrient density. Lentil microgreens excel in
protein, and finger millet remains a
powerhouse of minerals. These effects can
assist commercial growers and nutritionists
pick out advanced microgreen species
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PGPR: Current and future prospects for development of sustainable

agriculture
Sakshi Sharma, Pardeep Kumar, Twinkle and Akshay Pathania

Department of Plant Pathology, CSK Himachal Pradesh Agricultural University,

Palampur, HP, India
The Green Revolution significantly boosted global crop production through high-yielding
varieties and intensive use of synthetic fertilizers and pesticides; however, this has led to long-
term degradation of soil health, biodiversity loss, and reduced ecosystem resilience (Kesavan et
al. 2018; Pingali 2012). Modern agriculture now faces limitations such as declining soil fertility,
reduced arable land, and environmental contamination. Therefore, transitioning toward
sustainable agricultural practices has become a global priority. Among various eco-friendly
strategies, Plant Growth-Promoting Rhizobacteria (PGPR) offer an effective biological
alternative to agrochemicals by enhancing nutrient availability, improving plant vigor,

suppressing pathogens, and restoring soil health (Glick 2012).

Types of PGPR

PGPR are broadly classified into two
categories: extracellular PGPR (ePGPR) and
intracellular PGPR (iPGPR) (Martinez-
Viveros et al. 2010). ePGPR reside in the
rhizosphere, rhizoplane, or intercellular root

spaces and include genera such as
Agrobacterium, Arthrobacter, Azotobacter,
Azospirillum, Caulobacter,
Chromobacterium, Erwinia, and

Flavobacterium (Ahmed and Kibret 2014).
IPGPR  colonize internal root tissues,
especially root nodules, and are primarily
represented by Rhizobiaceae members such as
Rhizobium, Bradyrhizobium, Mesorhizobium,
Allorhizobium, and actinobacteria like
Frankia (Bhattacharyya and Jha 2012). These
microbes establish symbiotic or associative
relationships, often contributing directly to
nutrient acquisition and plant growth.
Mechanisms of Plant Growth Promotion
PGPR enhance plant growth through direct

and indirect mechanisms, including nutrient
The Pahadi Agriculture

solubilization,  phytohormone  production,
ACC deaminase activity, antioxidant defense,
and the suppression of plant pathogens.
Biological Nitrogen Fixation

Nitrogen-fixing PGPR convert atmospheric
nitrogen into plant-available ammonia using
nitrogenase enzymes encoded by nif genes
(Gaby and Buckley 2012). Symbiotic
nitrogen-fixers ~ such as Rhizobium,
Bradyrhizobium, and Frankia form nodules
on host roots (Zeng et al. 2022).

Phosphate Solubilization
Phosphate-solubilizing PGPR  such as
Bacillus, Pseudomonas, Enterobacter, and
Rhizobium release organic acids, enzymes,
and chelators that convert insoluble P into
plant-available forms (Sharma et al. 2013;
Bhattacharyya and Jha 2012).

Potassium Solubilization

Potassium deficiency hampers root growth,
seed formation, and yield. PGPR including
Bacillus edaphicus, Bacillus mucilaginous,

Burkholderia, Paenibacillus, and
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Acidothiobacillus  solubilize K-bearing
minerals through organic acid production
(Han and Lee 2006; Singh et al. 2010; Liu et
al. 2012).

Phytohormone Production

Many PGPR synthesize phytohormones
including indole acetic acid (IAA), cytokinins,
and gibberellins, which regulate root
development, cell elongation, seed
germination, and nutrient absorption (Arora et
al. 2013).

ACC Deaminase Activity

ACC deaminase—producing PGPR lower plant
ethylene levels, which helps plants tolerate
abiotic stresses and improves root elongation.
Strains from genera Agrobacterium, Bacillus,
Burkholderia, Pseudomonas, and Rhizobium
possess this trait (Glick et al. 2007; Kang et
al. 2010).

Lytic Enzyme Production

PGPR secrete enzymes such as chitinases,
glucanases, lipases, and proteases that degrade
pathogen cell walls, suppressing fungi like
Botrytis cinerea, Fusarium  oxysporum,
Rhizoctonia solani, and Sclerotium rolfsii
(Hayat et al. 2010; Nadeem et al. 2013).
Exopolysaccharide (EPS) Production

EPS produced by PGPR are polymeric
compounds composed primarily of sugars
such as glucose, galactose, and mannose
(Sutherland 2001). EPS contribute to
microbial adhesion, biofilm  formation,
drought tolerance, and plant defense
activation (Naseem and Bano 2014). They
improve soil aggregation and facilitate root
colonization.

Isolation, Characterization,
Multiplication of PGPR
Isolation of PGPR begins with rhizosphere
soil sampling followed by serial dilution and

and Mass

The Pahadi Agriculture

Page |4

plating on selective media such as Nutrient
Agar, King's B, or Pikovskaya’s Agar (Glick
1995). Promising colonies are subjected to
morphological, biochemical, and
physiological characterization, including tests
for IAA, siderophores, ACC deaminase, and
phosphate solubilization (Dey et al. 2004).
Mass multiplication is performed using liquid
or solid-state fermentation. Carriers such as
talc, peat, or liquid formulations enhance shelf
life and viability (108-10° CFU/mL) for field
application.

Delivery Systems for PGPR

Several delivery methods improve PGPR
colonization and field performance:
Bio-priming  integrates  hydration  with
inoculation, enhancing germination under
stress (Rakshit et al. 2015).

Seedling dip is used for transplanted crops to
ensure rapid colonization (Dey et al. 2004).
Soil drenching delivers PGPR directly to the
rhizosphere, improving disease suppression
(Malusa et al. 2012).

Foliar application supports nutrient uptake
and ISR induction (Bashan and de-Bashan
2010).

Sett treatment helps vegetatively propagated
crops enhance establishment and resistance

(Glick 1995).
Role of Root Exudates in PGPR
Colonization
Root exudates comprising sugars, amino

acids, organic acids, phenolics, and
flavonoids—shape rhizosphere microbiome
dynamics and influence chemotaxis, adhesion,
biofilm formation, and endophytic penetration
(Badri and Vivanco 2009). Malic acid attracts
Bacillus subtilis and enhances plant immunity
(Rudrappa et al. 2008), while flavonoids
regulate nodulation in legumes through
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Rhizobium signaling (Hassan and Mathesius
2012). Some metabolites promote endophyte
internalization by modifying host cell walls
and reducing immune responses (Kandel et al.
2017).

Steps of Colonization by PGPR and
Endophytes

Chemotaxis toward root exudates (Badri and
Vivanco 2009)

Adhesion to rhizoplane using pili, flagella,

and EPS (Compant et al. 2010)
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Biofilm formation for stability and protection
(Rudrappa et al. 2008)

Rhizosphere proliferation and expression of
beneficial traits

Penetration of root tissues by enzymes such as
cellulases and pectinases (Kandel et al. 2017)
Systemic movement through vascular tissues
Establishment of mutualistic interaction
supporting nutrient uptake and stress tolerance
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Cultivation and Conservation of the Kala Zeera (Black Cumin) under

adverse climatic condition in Himalaya Region
Dr. Kehar Singh Thakur

Krishi Vigyan Kendra Chamba, Dr. Y.S. Parmar University of Horticulture & Forestry, Nauni,
HP
The entire Himalaya region which is known for its extensive high mountain ranges is a treasure
house for many medicinal plants and is endowed with rich diversity of these valuable natural
resources. Himachal Pradesh, a hilly state situated in the North-West Himalayas is bound
between 30° 22' 40" to 30° 12" 40" north latitude and 75° 47' 55" to 79°40' 20" east longitude
and altitudinal range lies between 350 m to 6,975 m above mean sea level. The geographical
area of Himachal Pradesh is 55, 673 km? which is 9.42 per cent of entire Indian Himalayan

Region and hosts of a wide diversity of plant forms of central area.

The Kala Zeera, Black cumin (scientifically
known as Bunium persicum Boiss) is an
economically important medicinal plant and
spice herb growing wild in the dry temperate
regions of North Western Himalayas. It grows
as a wild plant in the forests and grassy slopes
of dry temperate and high mountainous
regions (1850-3100m amsl), comprising
regions of Kinnaur, Lahaul - Spiti, Pangi and
Bharmaur of Himachal Pradesh. It is a small,
grassy and perennial plant, which produces
white or pink compound umbel of flowers on
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the terminal and lateral stems during the third
year of its life.

The Kala zeera grows wild in the forest areas
and farmers collect the matured seeds from
the forests areas and sell it on very high price
(Rs. 2000/- -2500/- per Kg). In some parts of
the state it cultivated for commercial
purposes. In Shong village, District Kinnaur,
Kalazeera is being cultivated as a cash crop on
large scale. The demand of this prized spice is
very high as it is difficult to find Kalazeera in
the shops even after a month of harvesting.
Matured seeds of cultivated and wild origin
yield an oil rich in cuminaldehyde (27-3—
34-1%), p-mentha-1,3-dien-7-al and
p-mentha-1,4-dien- 7-al (29-:6-36-8%). Kala
Zeera is Bunium persicum which is widely
grown in the dry temperate region of the
Himachal Pradesh. It has a higher
concentration of volatile oils responsible for
its unique flavour and taste. Its stem is often
hollow in the internodal region with secretary
canals containing ethereal oils and resins. The
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plant type of Kala zeera varies from dwarf (30
cm) to tall (80 cm) compact or spreading,
moderately to highly branched, tuberous and
perennial herb. The leaves are freely, pinnate
(2-3), finely dissected and filiform. The
flowers are small, white in colour with readily
symmetrical small sepals, petals and stamens.
Black cumin seeds contain essential oils rich
in  monoterpene aldehydes; the main
components are cuminaldehyde,

’ || |
& | \
p-mentha-1,3-dien-7-al and
p-mentha-1,4-dien-7-al; terpene hydrocarbons
are -terpinene, p-cymene, -pinene.

Kala Zira (Bunium pencicum) has been found
growing wild in the district of Kinnaur,
Lahaul and Spiti and tehsil Pangi and
Bharmour of Chamba. Realizing its
importance as a spice and more valuable seed
in Ayurvedic medicines, farmers can have a
gross income of fifteen to twenty thousand
rupees per hectare by growing kala zira. It,
being a perennial crop, does not require
planting  year after year.  Through
experimental trials, it has been possible to
domesticate kala zira in higher elevations
(arid zone) ranging from 1,850 to 3,100 m
above sea level. The natural habitats of the
plant are low rainfall areas during summer
(150-450 mm), accompanied with heavy
snowfall in winter (2-5 m). After over-
wintering, the bulbs start sprouting with the
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onset of spring after the snow melts. Low
rainfall during the vegetative, flowering and
maturity stages help in developing flavour and
quality seeds. The flower initiation occurs
only after the bulbs attain three years of age.
At present, only the local material is being
multiplied. Collections from different zones
are being made and the germplasm is under
study to know if there is any genetic
variability.

Soil and seed bed preparation:

Sandy loam soils are best suited for the proper
development and growth of bulbs. Two to
three ploughings are necessary. Mulching in
November/December ~ encourages  early
sprouting of bulbs.

Time of sowing

The optimum time for sowing of seed as also
for transplanting of bulbs is from mid-October
to mid-November.

Method of sowing and seed rate

(&) With seed: The seed @ 1-1.5 kg per ha
should be sown in lines 20 cm apart and 2 to
2.5 cm deep.

(b) With bulbs: The bulbs @ 75-100 kg per ha
are planted 10 cm deep and 20 cm apart. The
space between the rows should be 30 cm.
Manuring:

Apply 60 kg nitrogen, 30 kg each of
phosphorus and potash per hectare to obtain
good crop. Also apply 20 tonnes FYM per
hectare before last ploughing.

Inter-culture and Weeding:

Three to four hoeing and weeding are
sufficient to control the weeds. Care should be
taken to avoid injury to the bulbs.

Irrigation:

It requires 3-5 irrigations depending upon the
soil type. The first irrigation should invariably
be given when sprouting starts. At the time of
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flowering and seed formation,
should be applied to ensure
development of seeds.

Harvesting and threshing:

The crop flowers in the first week of June and
matures by first fortnight of July. As the crop
IS susceptible to shattering, timely harvesting
is more important to avoid losses. It should be
harvested when the seeds turn light brown for
commercial purpose and dark brown for using
as seed. Threshing is done with sticks.
Average yield is 8-10 g/ha.

Insect-pest:

White grub: The insect remains hidden in soil
and cause heavy damage to seedlings
immediately after germination. Apply 2 L
Chloro-pyriphos 20 EC mixed with 25 kg of
sand per ha at sowing time.

Disease

Blight: The foliage and branches of the plants
become dark brown to black. The folaige
drops down and the plants dry. Spray the
plants with Indofil Z-78 or Indofil M-45
(0.2%) at fortnightly interval with the first
appearance of the disease.

The healing Power and Curative Properties:
The fruit is a rich source of thymol. Thymol is
used as an anthelmintic against hookworm
infections and also as an antiseptic in many
proprietary preparations. It is a stimulant,
which increases the secretion and discharge of
urine and relieves flatulence. It strengthens
the functions of stomach and arrests any
bleeding.

Digestive Disorders:

Kalazeera (Black Cumin) seeds are very
useful in digestive disorders like biliousness,
morning  sickness, indigestion,  atonics
dyspepsia, diarrhea, malabsorption syndrome,
and flatulent colic. One teaspoon of cumin

irrigations
better
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seeds is boiled in a glass of water and the
decoction mixed with one teaspoon of fresh
coriander leaf juice and a pinch of salt. This
decoction can be taken twice daily after meals
as a medicine for diarrhea.

Piles / Hemorrhoids:

Black cumin is beneficial in the treatment of
piles or hemorrhoids. About 60 grams of the
seeds, of which half should be roasted, should
be ground together. Three grams of this flour
should be taken with water.

Insomnia:

Cumin is valuable in relieving sleeplessness.
A teaspoon of the fried powder of cumin
seeds mixed with the pulp of a ripe banana
can be taken at night to induce sleep.

Renal Colic:

Black cumin seeds mixed with caraway seeds
and black salt is useful in renal colic. About
20 grams of cumin seeds, 12 grams of
caraway seeds and 6 grams of black salt are
ground together and mixed with a little
vinegar. This mixture can be taken in doses of
3 grams every hour till relief is obtained.
Common Cold:

Dilute cumin water is an antiseptic beverage
and very useful in common cold and fevers.
To prepare cumin water, a teaspoon of cumin
is added to boiling water, which is allowed to
simmer for a few seconds and set aside to
cool. If the cold is associated with sore throat,
a few small pieces of dry ginger should be
added to the water. It soothes throat irritation.
Problem of Breast Milk Secretion:

A decoction of cumin seeds mixed with milk
and honey, taken once daily during the entire
period of pregnancy helps the healthy
development of the fetus, eases child-birth
and increases the secretion of breast milk.
Amnesia:
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Cumin seeds are valuable in amnesia or
dullness of memory. Three grams of black
cumin seeds are mixed with 12 grams of pure
honey and licked to get rid of in this
condition.

Boils:

Black cumin ground in water is applied as a
paste over the boils with beneficial results.
Scorpion Sting:
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Paste of the cumin seeds prepared with onion
juice, applied over scorpion sting will retard
the frequency of upbeats.

Other uses:

The cumin seed is extensively used in mixed
spices and for flavoring curries, soups,
sausages, bread and cakes. It is an ingredient
of curry powder, pickles and chutneys. It is
also used to some extent in Indian medicine as
a carminative.
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Premature Autumn Blooming in Apples of Kinnaur: Causes, Zone-wise
Manifestation, Impacts and Management Strategies

Arun Kumar, Durga Prashad Bhandari and Deepika

Regional Horticultural Research & Training Station, Sharbo and Krishi Vigyan

Kendra Kinnaur.
Premature autumn blooming (PAB) in apple has become a significant physiological and climate-
induced disorder in Kinnaur, Himachal Pradesh. The shift from traditional high-chill cultivars to
low-chill, high-density systems has increased susceptibility to dormancy disruption. PAB
intensity follows an altitudinal gradient, severe below 1900 m (Nichar), moderate at 23002650
m (Kalpa), and negligible above 2800 m (Pooh). The disorder is primarily driven by insufficient
chilling, warm post-monsoon temperatures, persistent root activity, and hormonal imbalance.
Long-term climatic data indicate rising winter minima (+1-2 °C), loss of up to 380 chilling
hours, and an upward shift of the 1000-chill-unit isoline by 200 m. Consequences include 3-10 t
ha™ yield loss, reduced fruit quality, and increased biennial bearing. Integrated chemical,
cultural, and genetic management strategies offer effective mitigation under evolving Himalayan
climates.

Agro-climatic Zones of Kinnaur

Nichar Block (Lower Kinnaur: 1500-2300 m,
Wet Temperate): - Annual rainfall 1000-1500
mm (monsoon-dominated), low to moderate
snowfall, predominantly rainfed orchards,
winter chilling <1000 h (0-7 °C), night
temperatures go below 0 °C but not for
prolonged erios. _

= el 3

Kalpa Block (Mid Kinnaur: 1800-3000 m,
Transitional Zone): - Annual rainfall 400-900
mm, moderate to high snowfall, irrigation
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through traditional snow-melt kuhls, chilling
accumulation 1000-1400 h.

Pooh Block (Upper Kinnaur: 2100-3600 m,
Dry Temperate/Cold Arid): - Negligible
rainfall (<250 mm), heavy persistent snowfall,
winter minimum -15 to -20 °C, chilling
>1800-2500 h, irrigation entirely from snow-
melt channels.

Evolution of Apple Cultivation Systems in
Kinnaur

Apple cultivation in Kinnaur has evolved over
seven decades from traditional, low-input
systems to intensive, high-density, market-
oriented orchards. Earlier orchards on
seedling rootstocks with high-chill cultivars
such as ‘Royal Delicious’ and ‘Golden
Delicious’ were well adapted to the region’s
cold climate and maintained stable dormancy.
Since the mid-1990s, replacement with low-
chill, high-colour cultivars (e.g., Scarlet Spur-
II, Gala, Fuji’) and the adoption of high-
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density planting systems using M-9, M-26,
and Geneva rootstocks have enhanced
productivity and fruit colour but increased
physiological stress. These changes, coupled
with warmer post-monsoon temperatures and
altered canopy microclimates, have disrupted
dormancy regulation, triggering premature
autumn blooming. The structural shift toward
low-chill, densely planted orchards has thus
heightened Kinnaur’s vulnerability to PAB,
underscoring the need for zone-specific
adaptive management strategies.

The Phenomenon of Premature Autumn
Blooming

Premature autumn blooming (PAB), known as
“bahar phool” or off-season flowering, refers
to the abnormal appearance of flowers
between mid-October and late November,
when apple trees are expected to remain in
deep endodormancy. The flowers are
morphologically normal but emerge 4-5
months before the natural spring bloom
(March—April). The phenomenon is most
prominent on water shoots, young laterals,
and occasionally on older spurs. Field
observations indicate a clear altitudinal
gradient in severity: up to 30-40% of trees
flower prematurely in lower Nichar (<1900
m), 10-30% in mid-elevation Kalpa, and only
sporadic blooms occur in upper Pooh (>3000
m). These autumn flowers are biologically
non-viable due to low night temperatures (<5
°C), lack of pollinator activity, and frost-
induced fruitlet abortion within 10-15 days.
Despite producing no fruit, PAB imposes a
physiological cost, as each premature flower
consumes significant stored carbohydrates
and nutrients, thereby depleting reserves
essential for the following spring’s vegetative
and reproductive growth.
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Physiological Basis of Premature Autumn
Blooming

Premature autumn blooming in apple trees
arises from disruptions in the physiological
and hormonal mechanisms governing bud
dormancy. Normally, buds enter
endodormancy after summer under the control
of abscisic acid (ABA), which suppresses
premature growth. However, prolonged post-
harvest ~ warmth,  excessive  nitrogen
fertilization, or pruning stress can reduce
ABA levels, while increasing gibberellins
(GA) and cytokinin’s (CK), leading to early
dormancy breakdown and untimely flowering.
Incomplete chilling accumulation during mild
autumns further contributes to the disorder, as
buds remain metabolically active and may
reinitiate floral development if temperatures
rise again. In Kinnaur’s lower elevations,
PAB is triggered by a combination of (i)
thermal stimuli, day temperatures of 20-28 °C
after brief cooling; (ii) hydraulic activity, high
soil moisture from monsoon rains maintaining
root activity; and (iii) hormonal imbalance,
root-derived  cytokinin’s and localized
GA4/GA7 synthesis stimulating premature bud
growth. These conditions collectively override
dormancy repression, prematurely activating
floral meristem identity genes and converting
vegetative buds into floral ones, which are
subsequently lost for the next season. High
post-harvest carbohydrate levels and elevated
C/N ratios further support this premature
growth. With ongoing climatic warming,
repeated warm spells increasingly disrupt
dormancy progression, especially in low-chill
cultivars such as ‘Anna’ and ‘Dorsett
Golden’, which possess inherently shallow
dormancy regulation.
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Zone-wise Incidence and Primary Causes
of Premature Autumn Blooming

The incidence of premature autumn blooming
(PAB) in Kinnaur exhibits a clear altitudinal
gradient linked to climatic and management
factors. In Nichar Block (1500-2300 m), PAB
is severe and recurrent, particularly between
1600-1950 m. Flowering may begin as early
as late September and persist until December.
The primary causes include chronic chilling
deficits (550-750 h below 7 °C), persistent
soil warmth and moisture from heavy
monsoon rainfall (>1200 mm), and extended
warm spells in October (26-31 °C). The
problem is compounded by cultivar-site
mismatch, where low-chill, high-colour
cultivars (e.g., Scarlet Spur-Il, Jeromine) and
vigorous rootstocks (seedling, MM-111)
maintain prolonged physiological activity,
delaying dormancy onset. In Kalpa Block
(2300-3000 m), the disorder is moderate but
increasing, especially between 2300-2650 m
and on south- or west-facing slopes.
Historically adequate chilling (1100-1400 h)
is now declining due to microclimatic
warming, deforestation, and urbanization-
related heat retention. Reduced snowfall,
widespread use of low-chill cultivars, late
nitrogen fertilization, and continued irrigation
until late October prevent proper dormancy
induction, sustaining root and shoot activity.
In contrast, Pooh Block (>2800 m)
experiences rare or negligible PAB. Abundant
chilling (>2000 h) and persistent snow cover
from mid-November to mid-April ensure
stable dormancy. Occasional flowers occur
only near settlements due to localized heat-
island effects, but even in low-chill cultivars,
incidence remains minimal (5-10 flowers per
orchard). Thus, PAB severity in Kinnaur
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strongly correlates with elevation, local
microclimate, and orchard management

intensity, with lower zones being the most

physiologically vulnerable.
Consequences on Yield and Fruit Quality
Post-autumn bloom in apple trees causes
multi-dimensional losses affecting yield, fruit
quality, and long-term orchard health. The
premature opening of 500-1500 flowers ha™!
in severely affected areas like Nichar leads to
an estimated 3-10 t ha™! potential yield loss.
Each off-season flower consumes stored
carbohydrates, causing 18-32% depletion in
reserves, which weakens the subsequent
growth cycle. The disturbance of normal
dormancy results in weak and uneven spring
bud break, with flowering reduced by 30-45%
and extended over 18-22 days, producing
staggered fruit maturity and smaller, less
uniform fruits. Fruit quality declines due to
reduced size, poor colour development, and
lower anthocyanin synthesis, diminishing
market value. Trees exhibit strong biennial
bearing tendencies, with the index rising from
0.2-0.3 to 0.7-0.9, and show increased
susceptibility to fire blight and Alternaria
infections due to autumn blossoms.

Long-term climatic records (1975-2025)
confirm that rising winter temperatures,
declining chilling hours (280-380 h in Nichar;
120-180 h in Kalpa), delayed snowfall, and
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the upward shift of the 1000-chill-unit line by
200 m are intensifying PAB. The surge in
October—November warm spells (from 1-2 to
6-9 per decade) disrupts dormancy initiation
and induces premature flowering. These shifts
highlight regional warming and altered
temperature patterns as key drivers of PAB,
posing a serious threat to apple yield stability
and quality in the temperate Himalayas.
Management Strategies

The management of post-autumn bloom in
apple orchards requires an integrated
approach combining chemical, cultural, and
genetic  measures.  Among  chemical
interventions, Paclobutrazol (PBZ) soil
drenching in early September is most
effective in lower Kinnaur, reducing autumn
bloom by 78-92% and advancing spring
flowering by 7-10 days. Hydrogen cyanamide
(Dormex/Hi-Cane) applied in mid-January
helps synchronize bud break in orchards
showing residual bloom (>30%), while
Ethephon + urea sprays by mid-October
promote  uniform  defoliation.  Foliar
applications of 0.2% boron and 0.5% zinc
sulphate strengthen buds and enhance winter
hardiness. Cultural strategies include halting
nitrogen fertilization after 10 August,
withholding irrigation or performing root
pruning during  September—October to
promote dormancy, and maintaining 12-15%
high-chill polliniser trees in new plantations.
Mechanical summer hedging effectively
removes water shoots that might flower
prematurely. From a genetic standpoint,
adopting heat-tolerant and early-dormancy-
inducing rootstocks such as Geneva 41,
Geneva 935, and M-9 T337, and top-working
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older seedling trees with high-chill scions in

upper belts are sustainable long-term
solutions.  Collectively, these strategies
mitigate the physiological and climatic

triggers of post-autumn bloom and stabilize
yield and fruit quality.

Premature autumn bloom in Kinnaur’s apple
orchards represents a clear symptom of
climate-driven dormancy disruption
aggravated by modern cultivation practices
and genetic shifts toward low-chill, high-
density systems. The phenomenon’s severity
follows a distinct altitudinal pattern, being
most acute in lower Nichar and minimal in the
cold-arid zones of Pooh, where natural
chilling remains adequate. Physiologically,
PAB reflects a breakdown in hormonal and
thermal regulation of bud dormancy caused
by chilling deficits, warm autumn spells, and
prolonged root activity. The resulting yield
and quality losses threaten the economic
resilience of apple farming in lower and mid-
elevation belts. Long-term climatic trends—
rising winter minima, delayed snowfall, and
frequent late-autumn heat events—confirm
that PAB is not a transient anomaly but an
emerging syndrome of regional climatic
warming. Effective mitigation requires a
multi-pronged strategy, integrating chemical
regulation (PBZ, hydrogen cyanamide),
nutrient and water management, summer
hedging, and deployment of heat-tolerant,

early-dormancy-inducing rootstocks.
Sustained  monitoring,  localized  chill
modelling, and genetic adaptation are

essential to safeguard Kinnaur’s apple
heritage under evolving Himalayan climates.
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Safflower (Carthamus tinctorius L.) is another of the oldest domesticated crops that have been
used over 4,000 years. The safflower, which started in China during ancient times and expanded
along the ancient trade routes, developed into a useful modern crop of oil-bearing plants, which
is used as a medium of dye and medicinal properties. Its young orange-red flowers had been
used as a dye in carthamin, the seeds as cooking and medical oil, and the different parts of the
plant had a role in traditional medicine (Nazir et al., 2021). Even nowadays, safflower is
significant because of its versatile uses and excellent versatility. It has different genotypes with
oil composition varying up to 70-80 percent linoleic acid and other genotypes with 75-85 percent
oleic acid, which have the advantages of providing omega-6 fatty acids, increased oxidative
stability, and cardioprotective properties. The natural antioxidants also enhance its nutritional
content and shelf life and the oil has many applications in food, cosmetics, paints, varnishes and
biofuel manufacture. The petals and leaves also contain bioactive flavonoids and alkaloids that
contribute to medicinal value. Through its long history, evolving cultivation practices, and
expanding industrial and health-related uses, safflower continues to stand as a resilient and
significant crop in modern agriculture.

Global Safflower Distribution and Production
Safflower is cultivated across several dry and
semi-arid regions of the world and, compared
with major oilseeds, its production remains
geographically limited. Global safflower
cultivation is modest, with total annual
production generally reported in the range of
several hundred thousand tonnes, largely
concentrated in countries such as Kazakhstan,
Mexico, India, and the United States. In India,
safflower is primarily grown in the Deccan
Plateau, where Maharashtra stands as the
leading producer due to its extensive acreage
and long tradition of safflower research and
development. Karnataka, with its widespread
dryland farming systems, and Madhya
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Pradesh, particularly the Malwa region, also
contribute significantly to national production
(Ponakala et al., 2024; Magodia et al., 2024).
Although yields vary widely depending on
rainfall, soil conditions, and management
practices, safflower continues to be an
important crop in regions where its tolerance
to drought and marginal soils offers a clear
advantage over other oilseeds.

Plant morphology

Safflower (Carthamus tinctorius L.) is an
annual herbaceous plant characterized by an
erect, bushy growth habit with multiple
branches arising from the main stem. Its
leaves are typically lanceolate to ovate, rigid
in texture, and often spiny along the margins,

Mountain Agriculture e-Magazine
December|[2025



http://www.pahadiagromagazine.in/

showing considerable variation  across
genotypes. The inflorescences (capitula) are
borne at the terminal ends of branches and
contain numerous tubular florets that range in
color from yellow-orange to deep red, each
developing a single seed (achene/cypsela).
Important morphological traits such as hull
thickness, drought tolerance, and anatomical
modifications in leaf and seed tissues—
including variations in vascular, mesophyll,
and epidermal structures as well as mutant
hull frameworks—have been documented
through breeding and taxonomic studies.
Safflower completes its life cycle within
several months and exhibits protandry, a
condition in which the male floral parts
mature earlier than the female parts,
facilitating  insect-mediated  outcrossing
despite the species being considered largely
self-compatible. Flowering duration,
pollination efficiency, and seed set are
influenced by both the plant’s reproductive
biology and prevailing environmental factors
(Rammal et al., 2009; Bahrami et al., 2013)

Flower

Capitulum Bt

Leaves

Fig. 1 Morphological parts of safflower

The Pahadi Agriculture

Page|l6

Growing Environment and Agronomic
Adaptability

Safflower is well adapted to semi-arid and dry
land regions, performing best when sown in
soils with temperatures of 6-8 °C at a depth of
10 cm. It prefers well-drained loamy soils but
tolerates sandy and moderately saline
conditions better than many other oilseeds.
Field studies show that safflower can
withstand significant soil and water salinity,
giving it a distinct advantage in degraded or
salt-affected landscapes. Its resilience under
low rainfall, deep rooting habit, and ability to
utilize stored soil moisture make it a
dependable crop in water-limited
environments.

Cultivation Practices

Optimal sowing time varies by region, but
mid to late October is generally ideal for
tropical and subtropical zones, while
Mediterranean areas may extend sowing into
November based on rainfall and temperature
patterns. Effective crop establishment relies
on fungicidal seed treatment and, when
needed, seed priming to enhance germination
under stress. Typical plant populations are
achieved using around 60 kg/ha seed rate and
row spacing of 20-45 cm, with closer spacing
supporting improved canopy development.
Good field preparation and weed control
during early growth are essential for
maximizing yield potential.

Nutrient and Water Management

Safflower responds well to balanced
fertilization,  particularly  nitrogen  and
phosphorus, while integrated nutrient

management using organic amendments and
beneficial soil microbes improves soil health
and crop productivity. Although safflower is
drought tolerant, targeted irrigation at
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flowering and seed-filling stages significantly
enhances seed weight and oil accumulation.
The crop’s nitrogen uptake is closely linked
with moisture availability, and maintaining an
optimal balance between water supply and
nutrient application is key to achieving
consistent yields.

Crop Protection and Harvesting

Safflower is vulnerable to pests such as aphids
and diseases like Alternaria blight and wilt,
making integrated pest management essential.
Crop rotation, resistant varieties, and
conserving natural predators help reduce
reliance on chemical pesticides. Harvesting
methods depend on crop type and resources—
combine harvesting is efficient but requires
machine adjustments to avoid seed loss, while
manual harvesting is suitable for spiny
cultivars or where petals are collected for
value-added products. Yield can vary widely,
from less than 1 t/ha in marginal dryland
conditions to more than 3 t/ha under
favourable management.

Medicinal Properties and Traditional Uses
Safflower has a long and respected history in
Traditional Chinese Medicine and various
folk healing systems, particularly for treating
conditions related to women’s health and
blood circulation. It has traditionally been
consumed as tea, used in powdered form, or
administered as injectable preparations to
alleviate menstrual discomfort, postpartum
pain, and poor blood flow. Its therapeutic
value is linked to a diverse group of bioactive
compounds—especially quinochalcones such
as hydroxysafflor yellow A, along with
flavonoids, polysaccharides, lignans,
serotonin derivatives, and seed oils rich in
linoleic and oleic acids. These constituents are
widely regarded as the primary contributors to
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safflower’s medicinal effects (Adamska et al.,
2021; Wu et al., 2021). Modern formulations,
including safflower-based injections such as
Danhong, are used alongside standard
treatments for ischemic stroke, acute coronary
syndromes, and microvascular disorders.
Clinical findings report improvements in
several symptoms and biomarkers, although
the quality of evidence varies across studies.
Additionally,  safflower  yellow, when
combined with conventional therapy, has
shown potential benefits in early-stage
diabetic nephropathy by improving kidney-
related markers (Cheng et al., 2024).

Modern Significance and Future Potential
Today, safflower holds renewed importance
due to its adaptability, nutritional oil quality,
and multiple industrial applications. High-
linoleic oil supports dietary omega-6
requirements, while high-oleic types offer
excellent oxidative stability for both food and
industrial use. Its ability to grow where few
other commercial oilseeds survive makes it a
strategic crop for regions facing drought,
salinity, and climate variability. Advances in
breeding for oil quality, disease resistance,
and stress tolerance continue to expand
safflower’s potential as a valuable crop for
sustainable and diversified farming systems.
Conclusion

Safflower’s long journey from an ancient dye
plant to a modern multipurpose oilseed
highlights  its  remarkable  resilience,
versatility, and enduring agricultural value. Its
ability to thrive in dry lands, withstand
salinity, and utilize deep soil moisture makes
it a strategic crop for regions increasingly
challenged by climate variability. The crop’s
morphological diversity, rich phytochemical
profile, and wide industrial applicability—
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from edible oils and natural colorants to

medicinal ~ formulations—underscore its
significance far beyond traditional uses.
Modern  breeding efforts focused on

improving oil composition, yield stability, and
resistance to biotic and abiotic stresses
continue to enhance its relevance in
contemporary agriculture. As global interest
shifts toward sustainable cropping systems,
resilient oilseeds, and plant-derived health-
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promoting compounds, safflower emerges not
only as a heritage crop but also as a promising
candidate for future-oriented farming. Its
unique combination of agronomic
adaptability, nutritional and therapeutic value,
and economic potential ensures that safflower
will remain an important contributor to
agricultural innovation, rural livelihoods, and
global oilseed markets in the years ahead.
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Bhawan Singh Koranga

Vill- Sama, Block- Kapkot

District- Bageshwar
Kiwi is a nutrient rich fruit valued for its high vitamin c content, antioxidants and market
demand. This article summarize the journey of a kiwi growing farmer, outling the key
requirements, practical management and common challenges.

Introduction

Bhawan ji is a resident of Sama village and
currently he is cultivating kiwi. Bhavan ji
started this work in 2008. Bhavan ji was
earlier a teacher in a secondary school, then
became a principal and retired in 2009. He
was already interested in gardening. He had a
passion to do something in the field of
gardening. He planted many different fruit
trees but he did not get success in any of
them. He told that in 2003-04, under some
scheme, a group of farmers visited Himachal
Pradesh, among whom was Bhavna's cousin
and they brought 5 kiwi plants from there and
planted them at their home and those plants
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Bhavna liked the taste of those fruits. So he
started growing kiwi. He says that he is not
affiliated with any government organization
and he is doing everything on his own. But he
says that he got some financial and technical
help under the Jalagam Yojana. And the
Horticulture Department also provided help.
Area and Production

He grows Kiwi in open area. He grows it in 4
acres of land and has planted about 600 plants
out of which 400 plants are fruiting. And 200
plants will start bearing fruits in a few years.
He says that his production is more than 100
quintals; last year it was 70 quintals and this
year, he hopes to produce up to 130 quintals.

L e
Varieties of Kiwi

Bhavan ji ordered 100 plants from the
Horticulture Department, some from Rani
Khet Chaubatia, some from Krishi Vigyan
Kendra, Pittoragarh, Krishi Vigyan Kendra,
Nainital, NBPGR Bhawali, some from Y.S.

Mountain Agriculture e-Magazine
December| 2025



http://www.pahadiagromagazine.in/

Parmar University, Nauni and some from
different nurseries of Himachal. And he tells
that he has 4 varieties of females and 1 variety
of males. In females he has Hayward, Alison,
Monty, and in male Tomori variety.
Irrigation

He tells that there is a part of his land where
there is no irrigation facility but that part is
such that even if irrigation is not done there is
still a good production. And for the rest of the
part, drip irrigation is done by collecting
water in tanks. And he tells that this is not
totally organic, he uses compost in it.
Marketing, Selling and Pricing

He tells that some of his customers are old
and have been associated with him for many
years. And the number of customers increases
by 25-30% every year. And at least 25-30
quintals of kiwi are sold to them. There are
some shopkeepers who are associated with
him, they buy kiwi from him every year and
they sell 30-40 quintals in the Haldwani
market. Traders from Delhi and Lucknow
have been associated with him for 3 years.
This year traders from Gorakhpur have also
joined him, they also bought a large quantity
of kiwi from him. He tells that he sold A
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grade Kiwi in September. At that time he sold
Kiwi at the rate of Rs 170 per kg to Rs 190 per
kg and B grade kiwi was sold at Rs 110-130
per kg. A grade kiwi means fruit above 85
grams and B grade means 50-70 grams. And
the C grade kiwi is sold at around 40-50 per
kg and it is mostly used in food processing.
Bhavan ji tells that he also has a food
processing unit in which he makes kiwi juice,
jam, pickles, chutney, candy etc. He mostly
brings B and C grade fruits to it. He mainly
does food processing of kiwi but at the same
time he also makes pickles of guava,
rhododendron, lemon and fiddlehead. He tells
that 250 gram pickle is sold for Rs 140 and
450 gram pickle is sold for Rs 250. And he is
doing the processing work along with his
cousins.

Major problem

Mostly they say that they have problem with
wild pigs, they dig the ground which causes
problem to the plants.

Article by-
Akirity Rawat
Editor
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