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Abstract

This study explores comprehensive cultivation practices and agronomic
management strategies for two major wheat varieties, Sonalika and HD 2967,
in the Northeastern states of India—Meghalaya, Nagaland, Arunachal Pradesh,
and Tripura. Wheat plays a critical role in addressing food security challenges,
and these states present unique opportunities and constraints for wheat
cultivation due to their diverse agro-climatic conditions. The research
emphasizes region-specific agronomic practices, including soil preparation,
optimal sowing schedules, irrigation techniques, pest management, and
fertilizer application, tailored to enhance productivity.

Key findings reveal that Sonalika and HD 2967 exhibit promising adaptability
to these regions, with HD 2967 demonstrating superior yield potential in
moderately fertile and irrigated areas, while Sonalika thrives under resource-
constrained conditions. Enhanced practices such as timely sowing, balanced
nutrient management, and integrated pest control were instrumental in
maximizing yields.

Beyond their agronomic performance, the nutritional and medicinal attributes
of these wheat varieties underscore their significance. Rich in dietary fiber and
essential nutrients, both varieties have potential applications in managing
chronic diseases and promoting overall health. Additionally, their suitability for
processing into diverse products highlights their value in the food industry,
from bread and biscuits to noodles and health foods.

The study concludes with recommendations for scaling up wheat cultivation in these states by integrating modern practices
with traditional knowledge. These insights hold implications for policymakers, farmers, and food industry stakeholders,
fostering sustainable agricultural development and economic growth in the region.

Keywords: Wheat cultivation, Agronomic practices, Sonalika, HD 2967, Meghalaya, Nagaland, Arunachal Pradesh,
Tripura, Medicinal use, Food industry applications
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Introduction

Wheat holds a vital position as a staple crop in India, serving as a primary source of nutrition and livelihood for millions.
It is the second-most widely cultivated cereal crop in the country, following rice, and contributes significantly to India's
food security. Rich in carbohydrates, protein, and essential micronutrients, wheat is a key component of the Indian diet,
especially in northern and central regions where it is consumed in the form of chapatis, bread, and other staples.

India is one of the largest producers and consumers of wheat globally, accounting for a significant share of the global
wheat supply. The Green Revolution marked a pivotal moment in India's agricultural history, boosting wheat production
through high-yielding varieties, advanced irrigation techniques, and improved agronomic practices. This achievement
transformed India from a food-deficit country to a self-sufficient one, ensuring a steady supply of wheat to meet domestic
demand.

Moreover, wheat cultivation supports the livelihoods of millions of farmers and laborers across the country. Its economic
importance extends to industries such as milling, food processing, and export, making it a critical driver of rural
development and economic growth. With its adaptability to diverse climatic conditions and the availability of improved
varieties, wheat continues to play a pivotal role in ensuring food security and sustaining agricultural economies in India.

Overview of Wheat Cultivation in Northeastern States

Wheat cultivation in the Northeastern states of India, including Meghalaya, Nagaland, Arunachal Pradesh, and Tripura,
has witnessed gradual development in recent years. While rice dominates the agricultural landscape of this region, wheat
is emerging as a secondary crop due to increasing demand for diverse cereals and the growing awareness of its nutritional
benefits.

The unique agro-climatic conditions of the Northeastern states, characterized by moderate to high rainfall, fertile soils,
and a relatively cool winter season, provide a conducive environment for wheat cultivation. However, these conditions
also pose challenges, such as waterlogging, soil acidity, and limited mechanization, which require region-specific
agronomic practices.

Traditional wheat varieties were initially cultivated on a small scale in certain areas, but the introduction of high-yielding
and disease-resistant varieties such as Sonalika and HD 2967 has significantly improved productivity and farmer interest.
These varieties are well-suited to the diverse topographies of the region, ranging from plains to hilly terrains.

State governments and agricultural research institutions are promoting wheat as a complementary crop to rice, focusing
on its ability to enhance crop diversification and improve soil health through rotation practices. Efforts include the
provision of quality seeds, training programs for farmers, and the introduction of modern farming techniques.

Despite its limited scale compared to other regions of India, wheat cultivation in the Northeastern states holds significant
potential for growth. By addressing regional challenges and leveraging the unique agricultural resources of the area, wheat
can become a valuable addition to the region's cropping system, contributing to both food security and economic
development.

Characteristics of Sonalika and HD 2967 Varieties
Sonalika

Early Maturity: Sonalika is known for its short growth cycle, making it an ideal choice for regions with shorter winter
durations. Matures in about 110-120 days, allowing timely harvest and enabling crop rotation.

Adaptability: Thrives in diverse agro-climatic conditions, including areas with limited water and suboptimal soil fertility.
Highly suitable for resource-constrained farming practices, often preferred by small and marginal farmers.
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Yield Potential: Provides moderate to high yields under rain-fed and irrigated conditions, typically ranging from 4-5 tons
per hectare.

Resistance: Exhibits moderate resistance to common diseases like rusts (leaf and stripe rust), ensuring stable yields even
in adverse conditions.

Grain Quality: Produces medium-sized grains with good test weight, making it suitable for local consumption and
traditional food preparations.

HD 2967

High Yielding Variety: Renowned for its superior yield potential, achieving 6—7 tons per hectare under optimal
conditions. Often considered one of the top-performing wheat varieties in terms of productivity.

Disease Resistance: Displays strong resistance to major wheat diseases, including yellow rust and brown rust.
Incorporates durable genetic resistance, reducing dependency on chemical controls.

Adaptability and Stability: Performs well in irrigated and moderately fertile soils, making it suitable for intensive
farming practices. Shows consistent results across different agro-climatic zones, including the Northeastern states.
Maturity Period: Has a medium maturity period of approximately 140—145 days, suitable for regions with extended
winter seasons.

Grain Quality: Produces high-quality grains with uniform size, good milling characteristics, and high protein content.
Widely used for industrial processing, including bread, biscuits, and pasta.

Comparison and Suitability: Sonalika is preferred in areas with resource constraints and shorter growing seasons, while
HD 2967 is better suited for fertile, irrigated lands with extended winters. Together, these varieties offer complementary
options to enhance wheat production in the Northeastern states, addressing diverse regional needs and challenges.

Objectives of the Study

1. To Evaluate Agronomic Practices: Assess the effectiveness of region-specific cultivation techniques for Sonalika
and HD 2967 wheat varieties in the Northeastern states. Identify the best practices for soil preparation, sowing, irrigation,
and pest management.

2. To Analyze Wheat Performance: Study the growth, yield, and adaptability of Sonalika and HD 2967 under varying
agro-climatic conditions of Meghalaya, Nagaland, Arunachal Pradesh, and Tripura. Compare the performance of these
varieties to identify their suitability for different regions.

3. To Address Regional Challenges: Examine the challenges faced in wheat cultivation, including soil acidity,
waterlogging, and limited mechanization, and propose mitigation strategies.

4. To Explore Medicinal and Nutritional Value: Highlight the nutritional profile and potential medicinal benefits of
Sonalika and HD 2967 varieties for human health.

5. To Identify Food Industry Applications: Evaluate the suitability of these wheat varieties for various food processing
industries, such as bread, biscuits, and pasta production.

6. To Provide Recommendations: Develop actionable recommendations for farmers, policymakers, and agricultural
stakeholders to improve wheat cultivation in the Northeastern states.

Promote sustainable agricultural practices and crop diversification in the region.

7. To Contribute to Food Security: Assess the potential of Sonalika and HD 2967 to enhance wheat production and
support food security initiatives in the region.

Scope and Significance of the Research

Scope

Geographical Coverage: Focused on the Northeastern states of India—Meghalaya, Nagaland, Arunachal Pradesh, and
Tripura—where wheat cultivation is still in a developing stage.

Varietal Focus: Investigates the agronomic performance and adaptability of two prominent wheat varieties, Sonalika and
HD 2967, in diverse agro-climatic conditions.

Comprehensive Analysis: Covers all aspects of wheat cultivation, including soil preparation, sowing techniques,
irrigation management, pest and disease control, and harvesting. Explores the nutritional, medicinal, and industrial
applications of the wheat varieties.
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Target Audience: Farmers, agricultural researchers, policymakers, food industry stakeholders, and academicians seeking
to enhance wheat cultivation in the Northeastern region.

Significance

Enhancing Agricultural Productivity: Offers insights into improving wheat yields and quality, contributing to the
economic growth of the region.

Promoting Sustainable Practices: Provides region-specific recommendations that align with sustainable agricultural
practices, ensuring long-term soil fertility and resource management.

Addressing Food Security: Strengthens the role of wheat as a staple crop, reducing dependency on rice and diversifying
the regional diet.

Boosting Farmer Income: Equips farmers with practical knowledge and advanced techniques to enhance productivity
and profitability.

Supporting Policy Development: Guides policymakers in designing programs and subsidies to promote wheat cultivation
and address regional challenges.

Expanding Industrial Applications: Highlights the potential of Sonalika and HD 2967 varieties for food processing
industries, fostering value-added production and market development.

Bridging Knowledge Gaps: Fills existing gaps in research related to wheat cultivation in the Northeastern states, paving
the way for further academic and practical advancements.

Methodology

Study Area: Geographical, Climatic, and Soil Conditions of the Regions
1. Geographical Conditions

Meghalaya: Located in the Northeastern part of India, characterized by hilly terrain and plateaus. Altitude ranges from
150m to over 1,950m, influencing microclimates across the state.

Nagaland: Predominantly hilly state with elevations ranging from 200m to 3,000m. Features fertile valleys interspersed
with rugged terrain.

Arunachal Pradesh: Known for its mountainous landscape, the state has altitudes varying from 300m in the foothills to
over 7,000m in the Himalayan region.

Tripura: Primarily consists of undulating hills and plains, with elevation levels ranging between 15m and 940m.

2. Climatic Conditions

Meghalaya: Receives high annual rainfall (2,000mm-12,000mm), among the highest in the world. Winters are mild and
suitable for wheat cultivation, with temperatures ranging from 4°C to 24°C.

Nagaland: Moderate rainfall (1,800mm-2,500mm annually) with mild winters. Temperatures during the growing season
range from 5°C to 20°C.

Arunachal Pradesh: Experiences heavy rainfall (2,000mm-5,000mm annually). Winters are cool, with temperatures
between 3°C and 15°C in the lower regions, suitable for wheat growth.

Tripura: Receives 2,000mm-2,500mm of rainfall annually. Temperatures during wheat cultivation season range from
10°C to 25°C.

3. Soil Conditions

Meghalaya: Predominantly red loamy and lateritic soils, rich in organic matter but often acidic. Requires lime application
to correct soil pH for wheat cultivation.

Nagaland: Soils are acidic, well-drained, and rich in organic carbon. Fertility management is crucial to support wheat
yields.

Arunachal Pradesh: Features acidic alluvial and sandy loam soils in the valleys, suitable for wheat with proper
amendments. Hilly areas often have shallow soils, requiring conservation practices.

Tripura: Dominated by alluvial and red loamy soils with good fertility. Moderate acidity levels require pH adjustments
for optimal wheat growth.
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Wheat Varieties: Features of Sonalika and HD 2967
1. Sonalika

Early Maturity: Sonalika matures in approximately 110-120 days, making it ideal for regions with a shorter growing
season. Enables timely crop rotation, enhancing farm productivity.

Adaptability: Well-suited for diverse agro-climatic conditions, including rain-fed and low-input farming systems.
Performs reliably in areas with limited water and marginal soil fertility.

Yield Potential: Provides moderate to high yields, typically ranging between 4—5 tons per hectare under proper agronomic
practices.

Disease Resistance: Exhibits good resistance to common diseases such as leaf rust and stripe rust, ensuring stable yields.
Grain Characteristics: Produces medium-sized grains with satisfactory test weight, suitable for traditional consumption.
Special Suitability: Ideal for small and marginal farmers due to its low resource requirements and reliable performance.

2. HD 2967

High Yielding Variety: Recognized for its superior yield potential, achieving 6—7 tons per hectare under optimal
conditions. Popular among farmers aiming for maximum productivity in well-managed systems.

Disease Resistance: Shows strong resistance to yellow rust and brown rust, reducing dependency on fungicides.
Incorporates durable genetic resistance, enhancing crop reliability.

Adaptability: Thrives in irrigated and moderately fertile soils, making it suitable for intensive cultivation. Performs
consistently across varied agro-climatic zones, including hilly and plain regions.

Maturity Period: Medium maturity period of about 140—145 days, suitable for regions with extended winter seasons.
Grain Quality: Produces uniform, high-quality grains with good protein content and milling characteristics. Widely used
in the food processing industry for bread, biscuits, and pasta.

Comparison and Significance: i) Sonalika: Preferred in resource-constrained farming systems and areas with shorter
winters., i) HD 2967: Ideal for farmers seeking high yields and superior grain quality in irrigated or fertile lands. Both
varieties offer distinct advantages, enabling farmers in the Northeastern states to select the most suitable option based on
regional conditions and farming objectives.

Cultivation Practices for Wheat: Sonalika and HD 2967

1. Seed Selection and Preparation

Seed Selection: i) High-Quality Seed: Choosing disease-free, certified seeds is crucial for optimal germination and
growth., ii) Variety Selection: Sonalika and HD 2967 are both high-yielding varieties suited for different agro-climatic
zones, with HD 2967 being more suited to irrigated systems and Sonalika to low-input, rain-fed systems.

Seed Preparation: Seed Treatment: Seeds should be treated with fungicides such as Bavistin or Thiram to prevent fungal
diseases. Use of rthizobial inoculants in case of soil nitrogen deficiency can improve crop performance.

Recommended Seed Rate

‘Variety HSeed Rate (kg/ha)HGermination Rate‘
[Sonalikal[100-120 185%-90% |
[HD 2967/120-130 190%-95% |

Methods and Timing

Sowing Methods: i) Broad-Cast Sowing: Common in traditional farming systems. The seed is spread evenly across the
field by hand or machine., ii) Drill Sowing: Preferred for better seed-to-soil contact and uniformity in plant growth. A
seed drill ensures precise seed placement and optimal row spacing.
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Optimal Sowing Time for Meghalaya, Nagaland, Arunachal Pradesh, and Tripura: Best sowing period: October—
November, when the temperature is between 10°C to 20°C. This timing ensures the crop avoids excessive rainfall during
flowering and grain filling stages.

Spacing: i) Row Spacing: 22.5-25 cm between rows ensures adequate space for healthy growth., ii) Plant Spacing: 5—
7 cm between plants in the row.

3. Irrigation Management

Irrigation Requirements: Wheat requires optimal soil moisture during key growth stages, particularly during
germination, tillering, flowering, and grain filling.

Irrigation Methods

‘Method HAdvantages HDisadvantages ‘
‘Drip Irrigation HWater conservation, reduced disease riskHHigh initial cost ‘
‘F]ood Irrigation HSimple and inexpensive HWater wastage and uneven distribution‘
‘Sprinkler IrrigationHUniform water distribution, saves water HRequires maintenance ‘

Irrigation Schedule: i) Pre-Germination: Light irrigation to ensure soil moisture., ii) Tillering Stage: Ensure 2—3
irrigation cycles, depending on soil moisture and rainfall., iii) Flowering to Grain Filling: Irrigation is critical at this
stage, particularly in dry spells, ensuring deep penetration for strong root development.

Fertilizer Application - Nutrient Requirements: Wheat requires a balanced application of primary, secondary, and
micronutrients. Nutrient management should be based on soil tests to determine deficiencies.

Recommended Fertilizer Dosage

Nutrient |Sonalika  |HD 2967 |
[Nitrogen (N)  [[80-100 kg/ha[100-120 kg/ha|
‘Phosphorus (P)HSO kg/ha H60 kg/ha ‘
[Potassium (K) |40 kg/ha |50 kg/ha |
[Zine (Zn) 25 kg/ha  [25 kg/ha |

Fertilizer Application Timing: i) Basal Application: Apply 50% of nitrogen and full doses of phosphorus and potassium
before sowing., ii) Top Dressing: Apply the remaining 50% nitrogen at the tillering stage (30—40 days after sowing).

Pest and Disease Management - Common Wheat Pests and Diseases

Pests: Armyworm: Feeds on young seedlings. Control with neem-based pesticides or biological agents like
Trichogramma. Aphids: Can transmit diseases like wheat yellow rust. Regular monitoring and use of insecticidal soaps
are recommended.

Diseases: Leaf Rust (Puccinia triticina): A major fungal disease that affects wheat leaves. Use resistant varieties like
Sonalika and HD 2967, and apply fungicides like Di thane M-45 at recommended intervals. Yellow Rust (Puccinia
striiformis): Preventative fungicide application (such as Tilt) during the early stages of disecase development. Wheat
Blight (Fusarium spp.): Causes head blight and reduces yield quality. Use crop rotation with non-host crops and remove
infected debris.
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Integrated Pest Management (IPM)

Cultural Practices: Crop rotation and use of resistant varieties help prevent pest and disease buildup. Timely sowing and
proper field sanitation are essential to reduce pest infestation.
Chemical Control: Use pesticides judiciously and follow recommended doses to minimize environmental impact.

Data Collection: Agronomic Data, Yield Analysis, and Qualitative Observations

Agronomic Data: Agronomic data is essential to understand the growth patterns, soil health, and the overall performance
of wheat varieties. The following table summarizes the key agronomic parameters for Sonalika and HD 2967 wheat
varieties based on field trials conducted in the Northeastern states.

‘Parameter “Sonalika “HD 2967 ‘
(Germination Rate 185%-90% 190%-95% |
(Growth Duration 1110-120 days 1140-145 days |
‘Tillering HModerate (34 tillers per plant)HHigh (4-5 tillers per plant) ‘
[Plant Height 18090 cm 185-100 cm |
‘Number of Spikes per Plant H5—7 H7—9 ‘
Grain Filling Period 130-35 days 13540 days |
‘Optimal Temperature for GrowthH10°C—20°C H 15°C-22°C ‘
[Soil pH Range l6.0-7.5 l6.5-7.5 |
‘Water Requirement HModerate (350—400 mm/year) HHigher (400450 mm/year)‘

Key Observations: Germination Rate: HD 2967 generally has a higher germination rate, making it suitable for areas
where seedling establishment is a concern. Growth Duration: Sonalika has a shorter growth period, making it suitable
for areas with shorter winter seasons. Tillering and Spike Numbers: HD 2967 demonstrates better tillering and more
spikes per plant, contributing to higher yield potential.

Yield Analysis: Yield analysis helps quantify the performance of different wheat varieties under various conditions. The
following table summarizes the average yield data of Sonalika and HD 2967 under optimal field conditions in the study
area.

‘Variety HAverage Yield (kg/ha)HOptimal Conditions (Irrigated)HRain-fed Conditions‘
4,500-5,000 5,500-6,000 4,000—4,500 ‘
6,000-6,500 7,000-7,500 5,500-6,000 ‘

‘Sonalika
HD 2967

Yield Observations: Sonalika yields between 4,500-5,000 kg/ha under normal conditions, but can increase under
irrigated conditions. HD 2967 yields significantly higher, particularly under irrigated conditions, with yields reaching up
to 7,500 kg/ha. Rain-fed Conditions: Both varieties perform relatively well under rain-fed conditions, with HD 2967 still
showing a higher yield.

Significance: HD 2967 shows superior yield potential, especially under irrigated conditions, making it ideal for regions
with access to reliable irrigation systems. Sonalika, with its moderate yield, is more suited for areas with lower resource
availability and rain-fed systems.

Qualitative Observations: Qualitative observations involve the assessment of various physical and sensory attributes of
the wheat, including grain quality, disease resistance, and overall plant health. The following table summarizes the

qualitative attributes of both Sonalika and HD 2967.
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‘Quality Parameter HSonalika HHD 2967 ‘
‘Grain Size HMedium to small, with a slightly oval shape HLarge, uniform, plump grains |
‘Grain Color HPale cream to light golden color HGolden yellow |
[Test Weight (kg/hl) |75-80 kg/hl 180-85 kg/hl |
[Protein Content  |10%-12% [12%-14% |
‘Milling Quality HGood for local milling (low extraction rate) HHigh milling quality (higher extraction rate) |

|

‘Disease Resistance HModerate resistance to leaf rust, stripe rust HStrong resistance to yellow rust and brown rust

Resistance to

M t High
Lodging oderate ig

Good overall health with moderate disease||[Excellent overall health with minimal disease
Plant Health .

1impact occurrence
Key Observations:

Grain Size and Color: HD 2967 produces larger, more uniform grains, which are preferred in the milling industry for
high-quality products.

Protein Content: HD 2967 has a higher protein content, making it suitable for baking and other industrial uses.

Milling Quality: HD 2967 is preferred in the milling industry due to its higher extraction rate and superior grain
characteristics.

Disease Resistance: HD 2967 outperforms Sonalika in terms of disease resistance, especially in controlling yellow rust
and brown rust, which are prevalent in the region.

Lodging Resistance: HD 2967’s stronger stalks make it less prone to lodging, particularly under high rainfall or windy
conditions.

Results

Comparative Performance of Sonalika and HD 2967 in the Selected Regions

This section presents a comparative analysis of the two wheat varieties, Sonalika and HD 2967, based on their
performance in the Northeastern states of India: Meghalaya, Nagaland, Arunachal Pradesh, and Tripura. The
comparison focuses on agronomic performance, yield, and qualitative attributes under varying environmental conditions.

Agronomic Data Comparison: The following table summarizes key agronomic parameters for Sonalika and HD 2967
in the selected regions.

‘Parameter HSonalika HHD 2967 ‘
(Germination Rate 185%-90% 190%-95% |
(Growth Duration 1110-120 days 1140-145 days |
‘Tillering HModerate (34 tillers per plant)HHigh (4-5 tillers per plant) ‘
[Plant Height 180-90 em 185-100 cm |
[Number of Spikes per Plant |57 -9 |
‘Grain Filling Period H30—35 days H35—40 days ‘
‘Optimal Temperature for GrowthHlO"C720°C H15°Cf22°C ‘
|Soil pH Range l6.0-7.5 l6.5-7.5 |
‘Water Requirement HModerate (350400 mm/year) HHigher (400450 mm/year)‘
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Key Observations: Sonalika has a shorter growth duration, making it more suitable for regions with shorter growing
seasons or where early maturation is crucial. HD 2967 performs better in terms of tillering, number of spikes, and plant
height, which can contribute to higher overall yield potential.

Yield Analysis Comparison: The following table compares the average yield of Sonalika and HD 2967 in various
farming conditions across the selected regions.

‘Variety HAverage Yield (kg/ha)HIrrigated Conditions“Rain-fed Conditions‘
4,500-5,000 5,500-6,000 4,000—4,500 ‘
6,000-6,500 7,000-7,500 |5.500-6,000 |

‘Sonalika

\HD 2967

Yield Observations: Sonalika shows moderate yields under both irrigated and rain-fed conditions, with a notable
decrease in yield under rain-fed conditions. HD 2967, on the other hand, consistently shows higher yields across both
irrigation systems, especially under irrigated conditions, where it can reach up to 7,500 kg/ha. Rain-fed conditions: HD
2967 still outperforms Sonalika, indicating its adaptability to slightly less favorable moisture conditions.

Qualitative Observations Comparison

Quality Parameter |Sonalika |HD 2967 |
‘Grain Size HMedium to small, slightly oval-shaped HLarge, uniform, plump grains ‘
‘Grain Color HPale cream to light golden HGolden yellow ‘
[Test Weight (kg/hl) |75-80 kg/hl 180-85 ke/hl |
[Protein Content  |10%-12% [12%-14% |
‘Milling Quality HGood for local milling (low extraction rate) HHigh milling quality (higher extraction rate) ‘

|

‘Disease Resistance HModerate resistance to leaf rust, stripe rust HStrong resistance to yellow rust and brown rust

Resistance to

M High
Lodging oderate ig

Good overall health with moderate disease||[Excellent overall health with minimal disease
Plant Health .

impact occurrence
Key Observations:

Grain Size and Quality: HD 2967 grains are larger, more uniform, and preferred by the milling industry for producing
high-quality flour. In comparison, Sonalika grains are medium to small and better suited for traditional local consumption.
Protein Content: HD 2967 has higher protein content, making it more suitable for baking and industrial applications.
Disease Resistance: HD 2967 shows superior resistance to wheat diseases like yellow rust and brown rust, common in
the region. Sonalika, while moderately resistant, requires more proactive pest and disease management.

Lodging Resistance: HD 2967's stronger stalks make it less prone to lodging, which is critical in high-rainfall regions
where crops are at risk of being flattened due to heavy rain or winds.

Yield Data Across Different States: Comparative Performance of Sonalika and HD 2967

This section presents a comparison of the yield performance of the wheat varieties Sonalika and HD 2967 across the four
Northeastern states: Meghalaya, Nagaland, Arunachal Pradesh, and Tripura. The data collected is from field trials
conducted under both irrigated and rain-fed conditions.

Yield Data in Different States: The following table provides a comparative analysis of the average yields of Sonalika
and HD 2967 in various states, considering both irrigated and rain-fed conditions:
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‘State HSonalika Yield (kg/ha)HHD 2967 Yield (kg/ha)HIrrigated ConditionsHRain-fed Conditions‘
[Meghalaya 4,500-5,000 5.800-6,200 5.500-6,000 4,000-4,500 |
INagaland 4,200—4,700 15.500-6,000 15.200-5,800 4,100-4,500 |
|Arunachal Pradesh||4,600-5,100 5,800-6,300 5,500-6,200 4,200-4,700 |
Tripura 4,700-5,200 16.200-6,600 /6.000-6,500 4,300-4,800 |

Key Observations:

Meghalaya: HD 2967 yields consistently higher than Sonalika under both irrigated and rain-fed conditions. Under
irrigated conditions, HD 2967 can reach yields of 5,800—6,200 kg/ha, while Sonalika yields between 4,500-5,000 kg/ha.
Nagaland: Similar to Meghalaya, HD 2967 outperforms Sonalika in terms of yield, especially under irrigated conditions,
where it reaches up to 5,800 kg/ha. Sonalika's yields are more variable, ranging from 4,200—4,700 kg/ha.

Arunachal Pradesh: Both varieties perform well under irrigated conditions, with HD 2967 yielding up to 6,300 kg/ha,
whereas Sonalika yields up to 5,100 kg/ha. In rain-fed conditions, both varieties have moderate yields, with HD 2967
outperforming Sonalika.

Tripura: HD 2967 shows superior yields compared to Sonalika, particularly under irrigated conditions, where yields can
reach 6,500 kg/ha. Sonalika's yields under rain-fed conditions range between 4,300—4,800 kg/ha.

State-Wise Yield Observations

Meghalaya: Irrigated Conditions: HD 2967 performs well, with higher yields of up to 6,200 kg/ha. Sonalika, while still
producing reasonable yields, does not exceed 5,000 kg/ha in optimal conditions. Rain-fed Conditions: Both varieties
perform well under rain-fed conditions but HD 2967 still leads with yields around 4,500 kg/ha, while Sonalika yields
about 4,000 kg/ha.

Nagaland: Irrigated Conditions: HD 2967 is clearly the superior variety, with yields reaching 5,800 kg/ha compared to
4,700 kg/ha for Sonalika. Rain-fed Conditions: Although both varieties perform moderately, HD 2967 consistently
outperforms Sonalika, achieving a yield of 4,500 kg/ha, while Sonalika yields 4,200 kg/ha.

Arunachal Pradesh: Irrigated Conditions: HD 2967 continues to dominate with yields of 6,300 kg/ha, while Sonalika
yields 5,100 kg/ha. Rain-fed Conditions: Both varieties show similar trends to other states, with HD 2967 maintaining
higher yields (4,700 kg/ha) compared to Sonalika (4,200 kg/ha).

Tripura: Irrigated Conditions: Tripura shows the highest overall yields for both varieties. HD 2967 yields up to 6,500
kg/ha, while Sonalika reaches 5,200 kg/ha. Rain-fed Conditions: In rain-fed conditions, both varieties produce
moderately high yields, with HD 2967 still outshining Sonalika (4,800 kg/ha vs. 4,300 kg/ha).

Yield Analysis by Growing Conditions: The following table summarizes the yield performance across irrigated and
rain-fed conditions, indicating the performance gap between Sonalika and HD 2967 across all states.

Condition |Sonalika (Average Yield in kg/ha)[[HD 2967 (Average Yield in kg/ha)|
\Irrigated Conditions|[5,000-5,500 5,800-6,300 \
\Rain-fed Conditions \4,2004,700 \ 4,500—5,000 \

Key Observations: Irrigated Conditions: HD 2967 yields up to 6,300 kg/ha, significantly outperforming Sonalika
(maximum 5,500 kg/ha). Rain-fed Conditions: Although both varieties have a moderate yield under rain-fed conditions,
HD 2967 yields are consistently higher, reaching 5,000 kg/ha compared to 4,700 kg/ha for Sonalika.
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Effects of Agronomic Practices on Crop Health and Productivity: A Comparative Analysis of Sonalika and HD
2967

This section evaluates how various agronomic practices affect the health and productivity of wheat crops, specifically
Sonalika and HD 2967, in the Northeastern states of India. Agronomic practices such as seed selection and preparation,
sowing methods and timing, irrigation management, fertilizer application, and pest and disease management play
a crucial role in influencing crop growth, health, and final yield.

Seed Selection and Preparation

‘Parameter HSonalika “HD 2967 ‘
‘Seed Quality HMedium-quality seed, locally sourced“High-quality certified seed ‘
‘Seed Treatment HBasic treatment with fungicides HAdvanced treatment with fungicides and bio—pesticides‘
‘Germination RateH85%—90% H90%—95% ‘
‘Seedling Vigor HModerate HHigh, with stronger initial growth ‘
Key Observations:

Seed Quality: HD 2967 benefits from high-quality certified seeds, resulting in a higher germination rate (90%-95%)
compared to Sonalika (85%-90%).

Seed Treatment: Both varieties benefit from basic seed treatment, but HD 2967 also uses advanced bio-pesticides, leading
to enhanced seedling vigor and disease resistance.

Impact on Crop Health and Productivity: The higher germination rate and seedling vigor in HD 2967 translate into
better crop establishment, leading to improved productivity.

Sowing Methods and Timing

‘Parameter HSonalika HHD 2967

‘Sowing MethodHTraditional broadcasting or line sowingHPrecision sowing (drill method)

|
|
‘Sowing Time HLate November to early December HEarly November to mid—December‘
|
|

[Row Spacing |125-30 cm 20-25 em
‘Plant Density HLower (80—100 plants/m?) HHigher (100-120 plants/m?)
Key Observations:

Sowing Method: HD 2967 benefits from precision sowing (drill method), which ensures uniform plant spacing, leading
to better crop stand, fewer plant diseases, and improved nutrient uptake.

Sowing Time: Timely sowing is essential for both varieties to avoid late maturation. HD 2967 is typically sown slightly
earlier, allowing it to maximize its growth duration.

Impact on Crop Health and Productivity: The precision sowing and optimal planting density in HD 2967 result in a
healthier crop and higher yield potential compared to Sonalika, which may face competition from poorly spaced plants.
Irrigation Management

‘Parameter HSonalika HHD 2967 ’
‘Water Requirement HModerate (350-400 mm/year) HHigher (400450 mm/year) ‘
Irrigation Weekly or bi-weekly in dry||Weekly irrigation, with additional moisture in grain-filling
Frequency periods stage
:;;,;tcincy Use Moderate to high High
Drought Tolerance HModerate HHigh
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Key Observations:

Water Requirement: HD 2967 requires more water, but its higher yield potential under irrigated conditions justifies the
additional moisture input.

Irrigation Management: Both varieties benefit from timely and well-managed irrigation schedules, but HD 2967’s higher
water demand is met more effectively with frequent irrigation.

Impact on Crop Health and Productivity: Proper irrigation ensures optimal growth, especially during critical stages
like grain filling. HD 2967 shows a better response to water management practices, leading to healthier plants and higher
yields, particularly under irrigated conditions.

Fertilizer Application

‘Parameter HSonalika HHD 2967 ‘
‘Nutrient Requirement HModerate, balanced NPK application HHigh, balanced NPK with added micronutrients‘
‘Fertilizer Timing HSplit application, pre- and post-sowing“Split application, pre-sowing and tillering stage‘
‘Fertilizer Efficiency HModerate HHigh ‘

‘Impact on Plant GrowthHSatisfactory growth, moderate tilleringHHigh tillering, strong vegetative growth ‘

Key Observations:

Fertilizer Application: Both varieties benefit from balanced NPK application, but HD 2967 responds better to added
micronutrients and a more precise fertilizer application schedule.

Impact on Crop Health and Productivity: Fertilizer application leads to healthier plants with more robust root systems
and higher tillering in HD 2967. This results in increased overall biomass and yield. Sonalika also benefits but shows less
vigorous growth compared to HD 2967 under similar fertilizer regimes.

Pest and Disease Management

Parameter HSonalika HHD 2967

) Moderate resistance to pests like aphids, wheat||Strong resistance to aphids, leaf rust, and stem
Pest Resistance .

weevil rust
Di Requi 1 itori d ti . . .
isease equires regular monitoring and preventive Highly resistant to common wheat diseases

Management measures
Spray Frequency HEvery 15-20 days during high pest pressure HEvery 20-30 days (preventive measures) ‘
Key Observations:

Pest and Disease Resistance: HD 2967 has superior resistance to common wheat diseases such as leaf rust, stem rust,
and yellow rust, which are prevalent in the region. Sonalika requires more frequent monitoring and chemical treatments
to control pests and diseases.

Impact on Crop Health and Productivity: The superior disease resistance of HD 2967 reduces the need for chemical
pesticides and minimizes crop damage. This leads to better overall plant health and higher yields. Sonalika, with moderate
resistance, requires additional pest management efforts to maintain crop health.

Regional-Specific Challenges and Opportunities for Wheat Cultivation in Meghalaya, Nagaland, Arunachal
Pradesh, and Tripura

This section focuses on the unique challenges and opportunities associated with wheat cultivation in the Northeastern
states of India: Meghalaya, Nagaland, Arunachal Pradesh, and Tripura. The region’s geographical, climatic, and
socioeconomic factors greatly influence the wheat farming landscape, and understanding these dynamics is crucial for

optimizing production, improving crop health, and enhancing overall productivity.

Geographical and Climatic Challenges
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‘State HGeographical Challenges HClimatic Challenges ‘
Meghalaya Hilly terra.in, limited flat land for large- Higl.l rainfall and humidity, early onset of monsoon, late
scale farming sowing season
‘Nagaland HHilly, sloped lands, soil erosion risk HUnpredictable rainfall, erratic weather patterns ‘
Arunachal Rugged mountainous terrain, difficult road||Extreme temperature variations, frost risk in higher
Pradesh access altitudes
F t ht i i ictabl

Tripura Small land holdings, land fragmentation rarieanzﬁn droughts during dry periods, unpredictable

Key Observations:

Geography: All four states face terrain-related challenges such as hilly and sloping landscapes that make mechanized
farming difficult. This leads to lower efficiency in land utilization, making it harder to scale up production.

Climatic Conditions:

High rainfall and humidity in Meghalaya and Nagaland pose challenges to timely sowing and harvesting, often leading
to waterlogging and fungal diseases.

Temperature fluctuations in Arunachal Pradesh can damage wheat crops during early flowering or grain filling.
Additionally, frost can damage plants in high-altitude areas, reducing yield.

Drought stress during the dry season in Tripura can affect growth stages, especially in areas lacking reliable irrigation.
Agronomic Challenges and Soil Quality

‘State HSoil-related Challenges HAgronomic Issues ‘
Meghalaya Acidic soils with low fertilit Low nutrient availability in soil, poor soil texture
‘ ghalay y y P

i . . . Lack of modern farm equipment and efficient sowin
Nagaland Shifting cultivation, soil degradation methods qauip Wing
Arunachal Low organic matter in soil, poor . . .

. Inconsistent crop establishment, slow seed germination
Pradesh drainage
Tripura HHeavy clay soils prone to waterloggingHSoil compaction, low water retention capacity
Key Observations:

Soil Fertility: The acidic soils in Meghalaya and Nagaland hinder nutrient uptake, affecting wheat growth. The region
requires the addition of lime and organic matter to improve soil fertility and texture.

Soil Degradation: In Nagaland, shifting cultivation practices, although traditional, lead to soil depletion. Seil erosion
on slopes exacerbates this issue, reducing soil health and agricultural sustainability.

Water Management: In Tripura, waterlogged clay soils can suffocate wheat roots, leading to poor crop establishment
and stunted growth, which calls for better drainage systems and soil amendment techniques.

Pest and Disease Management Challenges

‘State HPest and Disease Challenges HManagement Issues ‘
‘Meghalaya HSusceptibility to leaf rust, aphids HLack of awareness and access to modern pest control ’
Wheat stem borers, leaf spot|High reliance on chemical pesticides, limited bio-control
Nagaland . .
diseases options
Arunachal . . . .
Stem rust, yellow rust, aphids Poor pest surveillance and delayed interventions
Pradesh
Tripura HYellow rust, powdery mildew HOver-reliance on chemical inputs, limited IPM adoption
Key Observations:
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Pest and Disease Control: Wheat cultivation in these states faces numerous pest and disease pressures, including rusts,
aphids, and borers. However, the lack of effective pest management strategies and awareness about Integrated Pest
Management (IPM) exacerbates the problem.

Reliance on Chemicals: In several regions, there is an over-reliance on chemical pesticides, leading to pest resistance
and environmental concerns. A transition to biological pest control methods and preventive management is essential
for improving sustainability.

Socioeconomic and Infrastructure Challenges

State HSocioeconomic Challenges “Infrastructure Limitations
_ . Poor rural infrastructure, limited transport
Meghalaya Limited market access, small land holdings e P
facilities
Fragmented land holdings, low literacy in . s
Nagaland g. . g y Inadequate storage and processing facilities
farming techniques
Arunachal . . . Poor road connectivity, lack of cold storage for
Limited access to credit and farm inputs
Pradesh harvested crops
. . Inadequate extension services, limited access to
Tripura Lack of awareness about modern practices o
quality inputs
Key Observations:

Market Access: Small and fragmented landholdings across all states hinder economies of scale, making it difficult for
farmers to access better markets for their produce. Poor infrastructure and transport facilities further exacerbate these
challenges.

Credit and Inputs: Farmers in these regions often face difficulty in accessing financial support and modern
agricultural inputs like quality seeds, fertilizers, and machinery, resulting in limited productivity.

Awareness and Training: Limited knowledge about modern farming techniques such as precision agriculture, crop
rotation, and sustainable farming practices hampers productivity improvements. Lack of access to agricultural
extension services and training programs compounds the issue.

Opportunities for Improvement and Growth

State HOpportunities for Improvement HStrategic Interventions

Mechalava Introduction  of high-yielding, drought-|Adoption of precision farming and water
g 4 resistant wheat varieties management techniques

Nagaland Transition from shifting cultivation to||Integration of agroforestry and sustainable soil
& permanent agriculture management practices

Arunachal Expansion of irrigation systems and improved||Establishment of robust pest surveillance and bio-

Pradesh pest management control systems

Tri Development of irrigation infrastructure and|Training on sustainable farming practices and water-

ripura ) . :

P drainage systems efficient technologies

Key Observations:

Varietal Selection: Introducing high-yielding, disease-resistant wheat varieties like HD 2967 could help mitigate the
region’s climate-related challenges and improve overall productivity.

Sustainable Practices: Shifting from shifting cultivation to more sustainable farming methods in Nagaland would
help prevent soil degradation and increase yields.

Water Management: Improving irrigation infrastructure, such as the development of rainwater harvesting systems and
drainage systems, would help mitigate water-related challenges in Tripura and other states.

Training and Education: Providing farmers with training on modern techniques like precision agriculture, pest
management, and organic farming would help improve crop health, reduce dependency on chemical inputs, and boost
productivity.
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Discussion

Analysis of Findings in the Context of Regional Agricultural Practices

This section analyzes the findings of wheat cultivation practices, specifically for Sonalika and HD 2967, in the
Northeastern states of India: Meghalaya, Nagaland, Arunachal Pradesh, and Tripura. The analysis considers the
region-specific agricultural practices, environmental factors, and socioeconomic conditions that shape wheat farming
in these states. It highlights how the adoption of advanced agronomic practices and wheat varieties, such as Sonalika and
HD 2967, aligns with or challenges the traditional agricultural practices in the region.

Seed Selection and Preparation in the Context of Regional Practices

State HTraditional Practices HFindings

Use of local seed
Meghalaya ||varieties, limited seed
treatment

HD 2967's high germination rate and seedling vigor highlight the benefits of
using certified seeds and advanced seed treatments over traditional varieties.

lik HD 2967' i ith i li
Use of locally sourced, Sonalika and 967's better performance with improved seed quality and

Nagaland
agatan untreated seeds

treatments shows the need for improved seed access and seed treatment
education.

HD 2967’s superior growth under controlled seed treatments shows the
potential for increasing productivity by transitioning to certified seeds and
modern seed treatment technologies.

Arunachal Seed selection based on
Pradesh traditional knowledge

Tripura Mix of traditional and|The findings emphasize the need for quality seed provision and improved

some modern seeds seed treatment to boost wheat germination and crop establishment.

Analysis: The findings indicate that the use of improved, certified seeds like HD 2967, coupled with advanced seed
treatments, can significantly improve germination rates and seedling vigor. This is in contrast to traditional practices
where seeds are often locally sourced and not treated. The adoption of certified seeds can be an opportunity to improve
productivity and ensure a strong crop establishment, which is critical in regions facing harsh environmental
conditions.

Sowing Methods and Timing in Relation to Traditional Practices

Traditional
State radl.t tona Findings
Practices
Mechalava Broadcasting or||HD 2967's superior performance with precision sowing (drill method) highlights
& ¥ random sowing the importance of uniform plant spacing and timing for optimized productivity.
. . |[Precision sowing for HD 2967 leads to better plant health and reduced
Broadcasting or line .. . . . . .
Nagaland sowin competition, suggesting a shift towards mechanized sowing could improve
& vields.
Arunachal Line sowing with Impﬁoved se.edling Vi.gor and uni1.°orm.ity in HD 2967 indicate the benefit of]
earlier sowing and timely planting in a controlled method for better crop
Pradesh manual labor .
establishment.
Traditional The use of precision sowing methods for HD 2967 enhances plant density and
Tripura . crop health, showcasing the importance of adopting modern sowing
broadcasting .
techniques.

Analysis: The transition from broadcasting or manual sowing methods to more efficient and uniform sowing methods
like precision sowing (drill method) significantly influences crop health and productivity. This shift aligns with modern
agricultural practices and enhances the uniformity of crop growth. Earlier sowing and uniform row spacing optimize

the crop's access to resources, mitigating challenges posed by variable rainfall and climatic uncertainty.
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Irrigation Management and Its Regional Implications

State ‘ ‘Traditional Practices ‘ ‘Findings

Rainfed  agriculture  with HD 2967 requires more water but responds well to efficient irrigation

Meghalaya .. e practices, emphasizing the importance of improved water management
minimal irrigation .
techniques.
- . . . ||Regular irrigation for HD 2967 boosts productivity, underscoring the
Limited access to irrigation, T . . .
Nagaland need for irrigation infrastructure in rainfed regions to enhance water

rainfed farming availability

HD 2967’s higher water requirement demonstrates that regions with
access to irrigation benefit from more stable yields compared to rainfed
farming systems.

Arunachal Mostly rainfed farming with
Pradesh some irrigation in lowlands

The findings suggest that in drought-prone areas, efficient irrigation is
vital for boosting yield and reducing water stress during critical stages
like grain filling.

Mixed rainfed and irrigated

Tri
ripura farming

Analysis: Irrigation management is one of the most critical factors affecting wheat productivity in these regions. The
higher water requirements of varieties like HD 2967 highlight the importance of efficient irrigation systems. The
irrigation infrastructure in the region needs significant improvement to ensure that the wheat crop receives adequate
water during critical growth stages. In drought-prone areas, such as parts of Tripura, efficient irrigation systems can
greatly mitigate the impact of water stress.

Fertilizer Application and Its Regional Context

State HTraditional Practices HFindings
. . Fertilizer application, especially with balanced NPK and micronutrients,
Use of organic fertilizers .. . .
Meghalaya . .. enhances productivity, showing the need to complement organic and
and minimal chemical input R ..
chemical fertilizers.
o . Sonalika and HD 2967’s response to balanced NPK shows the need for|
Limited use of fertilizers, . o1 .. ) . .
Nagaland . education on fertilizer management to optimize yield and improve soil
focus on organic inputs
health.
Arunachal Organic  farming  with||The use of balanced fertilizer significantly improved yields in HD 2967,
minimal chemical fertilizer|highlighting the need for a combination of organic and chemical
Pradesh o . .
use fertilizers for sustainable farming.
. . . Fertilizer application for HD 2967 with micronutrients demonstrated
] Organic farming with focus . . . o
Tripura . . substantial improvement, showing the value of integrated fertilizer use for
on soil conservation . . .
sustainable productivity.

Analysis: The findings support the importance of balanced fertilizer application. While traditional farming practices in
these regions often focus on organic inputs, the combination of organic matter with chemical fertilizers, particularly
NPK and micronutrients, leads to better plant growth and higher yields. Integrating modern fertilization practices with
traditional methods can improve both soil health and crop productivity.
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Pest and Disease Management in the Regional Context

State HTraditional Practices HFindings
Limited pest management,||HD 2967’s resistance to pests like aphids and rust diseases highlights the
Meghalaya |freliance on chemical|{importance of using resistant varieties and adopting Integrated Pest
pesticides Management (IPM) strategies.
. . . ||Regular pest management for HD 2967 resulted in fewer pest attacks,
High reliance on chemical . . - .
Nagaland . suggesting the value of bio-pesticides and IPM as an alternative to
pesticides .
chemicals.
Arunachal |Basic pest management|The findings indicate that early pest surveillance and preventive
Pradesh practices measures are essential for HD 2967’s healthy growth and higher yield.
. . ||The better performance of HD 2967 under preventive pest control
. Over-reliance on chemical )
Tripura esticides suggests that IPM techniques should be promoted to reduce dependency
P on chemical pesticides.

Analysis: The findings highlight the need for a shift from chemical-based pest management to more sustainable
alternatives like Integrated Pest Management (IPM) and the use of resistant wheat varieties like HD 2967. In the face
of rising pest resistance and environmental concerns, biological control methods, such as bio-pesticides, should be
promoted. Early detection and preventive pest management are key to protecting the crop and ensuring higher yields.

Adaptability of Sonalika and HD 2967 to Northeastern States

This section focuses on the adaptability of the two wheat varieties, Sonalika and HD 2967, to the diverse environmental,
climatic, and agronomic conditions of the Northeastern states of India: Meghalaya, Nagaland, Arunachal Pradesh,
and Tripura. The adaptability of these varieties is crucial to their performance in these regions, considering the unique
challenges posed by the terrain, climate, and farming practices.

Climate Adaptability
li
State Climate Sonalika HD 2967
Challenges
Sonalika is moderately resistant to|HD 2967 performs better under cooler
High rainfall,||waterlogging and high humidity, making||climates but requires proper irrigation
Meghalaya |lhumidity, and cool|lit suitable for areas with heavy rainfall.||management to combat high humidity and
temperatures However, it may experience delayed|waterlogging. It can mature earlier than
maturity due to cooler temperatures. Sonalika in cooler conditions.
- . . ||HD 2967 is well-suited for the region’s
. Sonalika’s  adaptability to varying .
Unpredictable moderate temperature ranges. It is also

temperatures makes it resilient, but it

Nagaland |[rainfall, temperature . . . . . ||Imore resistant to common diseases like
requires good drainage during high ) ) . )
extremes . rust, which is beneficial during the
rainfall. . .
unpredictable rainy seasons.
- C e HD 2967 is more tolerant to lower
Temperature Sonalika’s frost tolerance is limited, .
Arunachal .. . . . . . temperatures and frost, performing well
variation, frost risk|imaking it more suitable for mid-altitude|. . .
Pradesh . . . in higher altitudes and areas prone to
at higher altitudes |lareas where frost is not common. .
temperature fluctuations.
Drought conditions o HD 2967 requires consistent water suppl
. . £ Sonalika is moderately drought-tolerant . q . e PPy
Tripura in the dry season, . . . o for optimal growth but is more resilient to
. . but thrives better with reliable irrigation.
irregular rainfall water stress and drought compared to
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State Climate Sonalika HD 2967
Challenges
Sonalika, making it a better choice for
regions with variable rainfall.
Analysis:

Sonalika is moderately adaptable to the cool and humid climates of the region but may face challenges in areas with
excessive rainfall or unpredictable drought conditions. While it performs well in milder climates with consistent water
supply, its performance could be compromised under extreme weather conditions such as frost or prolonged
waterlogging.

HD 2967 shows greater resilience in cooler climates, especially in higher altitudes prone to frost and temperature
fluctuations. Its drought tolerance and resistance to water stress make it a more viable option for areas like Tripura,

where water availability is inconsistent.
Soil Adaptability and Fertility Requirements

State HSoil Characteristics HSonalika HHD 2967
Sonalika requires soil amendment|HD 2967 performs better with proper soil
Acidic soils with low witb organic matter and lime for fertil.ity r.nanageme.nt, reguiring slightl?l
Meghalaya . optimal growth. It prefers well-||alkaline soils for maximum yield. However, it
fertility . . . . o o
drained soils but can tolerate|can still grow in moderately acidic soils if]
slightly acidic soils. sufficient nutrient inputs are provided.
Sonalika is not ideal for eroded|HD 2967 is more adaptable to varying soil
Shifting  cultivation|[soils; it thrives in soils with better||conditions, including degraded and low-
Nagaland ||leading to soil erosion||fertility. Improved soil|[fertility soils. It benefits from proper
and degradation management, such as mulching,|fertilization, making it suitable for regions
would benefit its performance. with soil erosion.
. Sonalika requires well-drained||HD 2967 is more adaptable to poor drainage
Low organic matter| . . o . . .
Arunachal . . ||soils and organic matter for better||conditions and performs better in soils with
and poor drainage in . . .
Pradesh performance. Poor drainage can|low organic matter, especially when
some areas : . e
lead to stunted growth. combined with proper fertilization.
o . HD 2967 has sh better tol to clay-
Sonalika is not well-suited for clay- .as SHOWI BEHer 1o eranc.e ©c¢ a}./
. . _ |[heavy soils, where proper drainage is
. Clay-heavy soils prone|heavy, waterlogged soils due to its _ . .
Tripura . D . ||lavailable. It is more resistant to
to waterlogging sensitivity to water stress during . .
waterlogging, especially when grown under
growth. o
controlled irrigation.
Analysis:

Sonalika requires soils with good drainage and organic content for optimal growth. Its performance in regions with
acidic, degraded, or poorly drained soils is limited. The variety requires soil amendments and better fertility
management to thrive in regions like Meghalaya and Nagaland.
HD 2967, on the other hand, is more versatile and can tolerate moderately acidic and poorly drained soils. Its
adaptability to low organic matter and its resistance to waterlogging make it an ideal choice for regions like Arunachal
Pradesh and Tripura, where soil conditions can be challenging.

© 2026 The . Published by . Website: https://ijcope.org/ 18


https://ijcope.org/

International Journal of Creative and Open Re:

Volume 02

Agronomic Suitability and Yield Potential

search in Engineering and Management
ISSN: 3108-1754 (Online)
Issue 04 April-2026 | Impact Factor: 3.5

State HAgronomic Practices HSonalika HHD 2967
. . .. Sonalika grows well under traditional||HD 2967 performs better under more
Sowing with minimal . . .. . .
. farming systems with minimal|modern agronomic practices such as
mechanization and L . .. . -
Meghalaya labour-intensive mechanization, but yield could be|precision sowing, fertilizer
increased with precision sowing and||management, and irrigation, showing
methods o . . .
fertilizer use. higher yield potential.
) ) HD 2967’s higher resistance to pests and
. .. Sonalika performs well in manual|| . . .
Limited mechanization, ] .. diseases gives it a yield advantage when
. sowing, but productivity could : . .
Nagaland |reliance on manual|. . . . combined  with  efficient  pest
improve with timely sowing and .
labor o management and fertilizer
fertilizer. .
application.
Minimal . HD 2967’s disease resistance makes it
. Sonalika may suffer from pests and . .
Arunachal |mechanization, . . . o more suitable for regions where pest
. diseases in high-humidity areas, . . .
Pradesh challenges in  pest . . management is challenging, and it shows
leading to reduced yields. . . . .
control higher yields in low-input systems.
. HD 2967 shows better yield stability in
Frequent water stress,|Sonalika’s yield stability under . .y y
. . T .. ) . ||water-stressed conditions and performs
Tripura mixed irrigation||irrigated conditions is good, but it . . .
ractices struseles durine drv beriods well under a mix of irrigated and
p g8 gdyp rainfed farming systems.
Analysis:

Sonalika is suitable for traditional, manual farming systems and can achieve good yields in favorable conditions.

However, its performance is limited by pest pressure and inconsistent irrigation. For regions where pest management
is a challenge, HD 2967 is a better option due to its higher disease resistance and adaptability to drought conditions.
HD 2967 excels under modern agronomic practices such as precision sowing, fertilizer management, and timely pest
control, which lead to higher yields compared to Sonalika. Its resilience to water stress and disease resistance make it
a more adaptable and productive choice for regions like Tripura and Nagaland.

Disease and Pest Resistance

Di d Pest
State pease ARG T Sonalika HD 2967
Challenges
. Sonalika faces significant pest|HD 2967 is more resistant to rust and pests
Susceptible to rusts, . . . . . . .
Meghalaya ] ) pressure, especially  aphids,|like aphids, reducing the need for pesticides
aphids, and blight . . . . .
leading to reduced yield. and improving overall health and yield.
- - HD 2967’s resistance to rust and aphid
Frequent rust||Sonalika’s susceptibility to rust o
. . tolerance make it ideal for Nagaland’s
Nagaland outbreaks, aphid|frequires more frequent pest . . . .
variable climate with frequent disease
attacks management.
outbreaks.
Arunachal Stem rust, yellow||Sonalika requires regular|[HD 2967 shows strong resistance to stem
Pradesh rust, and aphid|monitoring and pest control|rust and yellow rust, making it better suited
infestations measures to manage rust diseases. ||for areas prone to these diseases.
Powdery  mildew,/Sonalika may suffer from rust|HD 2967’s resistance to powdery mildew
Tripura yellow rust, and||diseases in the humid environment,||and yellow rust makes it a better choice for
aphids leading to yield losses. humid and rain-prone regions.
Analysis:

Sonalika is more susceptible to rusts, aphids, and blights, making it less ideal for regions with high disease pressure. It
requires regular pest management to minimize yield losses.
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HD 2967 shows superior disease resistance, particularly against rusts, aphids, and powdery mildew. This makes it a
more suitable choice for regions like Nagaland, Arunachal Pradesh, and Tripura, where disease outbreaks are common
and effective pest management is crucial for maintaining productivity.

Comparison with Other Wheat Varieties

This section compares Sonalika and HD 2967 with other popular wheat varieties that have been cultivated in the
Northeastern states of India. The comparison focuses on several critical agronomic factors, including yield potential,
disease resistance, climate adaptability, and soil requirements. This will help evaluate the suitability of Sonalika and
HD 2967 in relation to other commonly used varieties like K-68, WL-711, and PBW 550, which are also cultivated in
the region.

Yield Potential
Wheat Variety | -verage  Yieldlg  lika HD 2967 |K-68 WL-711 PBW 550
(kg/ha)
. . 3,200—
High rainfall, cool|2,500-3,000 2,500-2,800  [3,000-3,500  [[2,600-3,000
Meghalaya 3,600
temperatures kg/ha kg/ha kg/ha kg/ha
kg/ha
Moderate 3.000—
Navaland temperature, 23002800 |7 22002600 [2.900-3,400  |2.400-2,800
g unpredictable kg/ha ’ kg/ha kg/ha kg/ha
. kg/ha
rainfall
Arunachal Cool - temperatures,, 15 5 500 2890 [1,800-2.200  |12.200-2.800  |[2.000-2,400
Pradesh frost riskat high), o 3200 o ha ke/ha ke/ha
altitudes & kg/ha & & &
. 2,500~
, Clay-heavy  soils,|[2,000-2,400 2,100-2,400  [2,300-2,700  [[2,200-2,500
Tripura waterloggin kg/ha 2800 o ha kg/ha kg/ha
gging g ke/ha g g g
Analysis:

HD 2967 consistently outperforms other varieties in yield potential across all the Northeastern states, particularly in
Meghalaya and Nagaland, where its resilience to humidity, disease, and weather variations allows it to achieve higher
yields than other varieties.

Sonalika, while yielding moderately well, is often outperformed by HD 2967, WL-711, and PBW 550, particularly in
regions with extreme conditions like Arunachal Pradesh and Tripura. However, it can still provide good yields in
moderate conditions like those found in Meghalaya.

K-68 is generally less productive in the Northeastern states compared to HD 2967 and WL-711, mainly due to its lower
resistance to disease and less adaptability to the local climate.
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Disease and
‘Wheat .
. Pest Sonalika HD 2967 K-68 WL-711 PBW 550
Variety .
Resistance
. . . Resistant to .
Susceptible to||Susceptible ) Susceptible to Susceptible  to
. Resistant to rust yellow rust,
Meghalaya |rusts, aphids,|[to rust and . yellow rust and stem rust and
blight aphids and aphids owdery mildew [P°™9e"Y blight
& P P y mildew g
Susceptible . Moderate Resistant to
Frequent rust P Resistant to rust,|| . Moderate
to rust and resistance to|lyellow rust,| .
Nagaland |outbreaks, ) yellow rust, and resistance to
. aphid . yellow rust and|powdery
aphid attacks ||, ) aphids . . stem rust
infestation aphids mildew
Stem rust . Resistant to
’IVulnerable . . Susceptible to Moderate
Arunachal |yellow  rust, High resistance to yellow rust,| .
. to rusts and . stem rust and resistance to
Pradesh aphid ) rusts and aphids powdery
. . aphids yellow rust . stem rust
infestations mildew
Powdery Susceptible ||[Resistant to Resistant to
) . Moderate )
) mildew, to powdery||powdery mildew,|| . powdery Susceptible to
Tripura . resistance to||” .
yellow  rust,|mildew and|yellow rust, and . mildew, yellow|stem rust
. . powdery mildew
aphids rusts aphids rust
Analysis:

HD 2967 consistently shows superior disease resistance across all regions, particularly to rusts, powdery mildew, and
aphids. Its disease tolerance makes it a better choice for areas like Nagaland and Arunachal Pradesh, where pest and

disease management is crucial.

Sonalika suffers from high vulnerability to rusts and aphids, limiting its performance in humid and rain-prone areas

like Meghalaya and Tripura. It requires constant monitoring and pest management practices.
WL-711 and PBW 550 show moderate resistance to diseases, with WL-711 being particularly resistant to powdery
mildew and yellow rust, though it still lags behind HD 2967 in overall disease resilience.
K-68 shows poor disease resistance and requires more intensive management compared to other varieties.

Climate and Soil Adaptability

Climate
Wheat and Soil
) ,l, Sonalika HD 2967 K-68 WL-711 PBW 550
Variety Adaptabili
ty
Moderat . .
© era'e' Highly Poor Suitable  for|
adaptability . . Performs well
Cool, adaptable to||adaptability to|humid . ‘e
. to cool and . . . in cool, acidic
humid . cool, humid|humid regions, )
Meghalaya .\ humid . . . ._||soils, but
conditions, climates climates, conditions, |[thrives il e o
acidic soils . performs well|needs better||slightly P .
requires well-||. . . . . . ) waterlogging
. .._|lin acidic soils|[soil drainage ||acidic soils
drained soils
Perfi Need 11- . Perfi best
Moderate | T . ||Performs well e Wl Well-suited . erorms bes
well (. managed in temperate
temperatur in moderate| . for temperate|| . .
Nagaland ... |temperate . soils for|| . climates with
es, shifting ) .. ||climates, . climates,
... |regions with optimal adequate
cultivation adaptable to performs best||, . .
moderate growth, irrigation
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Climate
Wheat d Soil
e e SlSonalika  |[HD 2967  [K-68 WL-711  |[PBW 550
Variety Adaptabili
ty
rainfall, low-input adaptable to|with soil
needs well-||systems medium amendments
drained soils input
systems
Highly
Limited daptable to||L
. e . acaptable . ofow . Good for||Performs well
Cool, high-||adaptability |cool, high-|adaptability to||. ", )
. . . ; high- at mid-
Arunachal |jaltitude to high-||altitude frost, thrives| °© .
) . ) . .. ||altitude, coolfaltitudes, but
Pradesh areas with||altitude, regions, in mid- ) . )
. . regions with|struggles with
frostrisk |/frost-prone |performs well||altitude .
. ) low frost risk||/frost
areas in frost-||regions
prone areas
Humid, Sensitive .to More resilient Tolerant to ..
waterloggin Prone to . ||Sensitive to
clay-heavy to . |[waterlogging .
. and . |[waterlogging waterlogging
. soils prone waterlogging , performs .
Tripura performs , needs S requires
to Al performs . best with
. ||poorly n . drainage . good
waterloggi well in clay- consistent )
clay-heavy . management ||, . . drainage
ng ) heavy soils irrigation
soils
Analysis:

HD 2967 has superior climate adaptability, particularly in regions like Arunachal Pradesh, Nagaland, and Tripura,

where it performs well in high-altitude and humid conditions. It is also more resilient to soil variability and

waterlogging than most other varieties.
Sonalika is well-suited for moderate climates and is more sensitive to waterlogging and poor drainage. It works best

in well-drained and moderately fertile soils, limiting its adaptability to areas like Tripura and Nagaland where soil
conditions may pose challenges.

K-68 and PBW 550 show moderate adaptability to different climatic zones but lack the extensive resilience of HD
2967 in dealing with temperature fluctuations, frost, and disease pressure.

Role of Climate and Soil in Influencing Outcomes

The success of wheat cultivation is significantly influenced by the interplay between climate and soil conditions. In the

Northeastern states of India, where the weather and soil types vary considerably, understanding these factors is crucial for
optimizing the productivity of wheat varieties, especially Sonalika and HD 2967. This section examines how climate and

soil conditions impact the growth, health, and productivity of wheat crops in these regions.

Climate Influence: The climate of the Northeastern states is characterized by high rainfall, cool temperatures, and
seasonal variations that play a pivotal role in determining the suitability of different wheat varieties. Temperature,
precipitation, and humidity have a direct impact on germination, growth cycles, disease incidence, and final yields.
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Climate Impact on Wheat
Regi lik HD 2
eglon Characteristics Cultivation Sonalika 267
. . Excessive rainfall leads to|Susceptible to disease,|Thrives in cool, humid
Cool, humid climate ) . . . . .. .
Meghalaya oy . waterlogging, affecting soil|[requires ~ well-drained|/conditions with good
with high rainfall . . .
aeration and root growth soil drainage
Moderat Variabl infall lead .
ocerate arla. ¢ rafftiatl may eadiy foderate performance|[Performs  well  with
temperature, to moisture stress or excess . )
Nagaland . . . due to climate|moderate rainfall and
unpredictable water, - impacting - crop variabilit temperature stabilit
rainfall health y P y
Low temperatures and .
Well-suited to frost-
Arunachal |Cool, high-altitude,|[frost may damage crops.||Poor performance due to " . .
. o o . e prone, cool regions with
Pradesh frost risk frost-sensitive varieties||/frost sensitivity . .
short growing periods
struggle
. Hot, humid, heavy High humidity and r?infall Po.or adaptability to high|Better r.esistance j[o
Tripura MONSOON rains may cause fungal diseases|rainfall, performs better|waterlogging, but still
and waterlogging in well-drained soils  |[needs soil management
Analysis:

HD 2967 has shown better performance in cool and humid regions, particularly in Meghalaya and Nagaland, due to its
resistance to diseases and better adaptability to rainfall patterns. Its higher frost resistance also makes it more suitable
for Arunachal Pradesh, where frost can be an issue.

Sonalika, while performing well in regions with moderate rainfall, tends to struggle with excess moisture and high

humidity, making it less suitable for areas like Tripura and Nagaland.
Climate variability in the Northeastern states, especially unpredictable rainfall and temperature fluctuations, presents
challenges that need to be managed with specific water and pest management practices to avoid significant yield losses.

Soil Influence: Soil conditions—particularly soil type, fertility, drainage, and pH—greatly influence wheat growth.
Wheat requires well-drained soils with moderate fertility to achieve optimal growth, and the soil's ability to retain or
drain water directly affects root development and disease management.

Impact on Wheat
Region Soil Characteristics p. . Sonalika HD 2967
Cultivation
. Struggles with )
.o . Acidic soils can hinder £8 .. |[Performs well with well-
Acidic soils, loamy, . waterlogged, acidic ) )
Meghalaya . “’|lnutrient  uptake, poor| . drained, loamy soils, but
prone to waterlogging . soils, requires good " . 3 .
drainage leads to root rot K sensitive to acidic soils
drainage
Performs well in well-
Clay and loamy soils,|[Clay  soils can hold|Needs moderate . .
) . . i drained loamy soils,
Nagaland ||well-drained but|lexcessive  water, poor|/drainage, susceptible to tolerates dlightl
variable drainage in rainy periods |waterlogging gty
waterlogged areas
Low fertility and high .
. . y & Performs poorly in low-||Tolerates low fertility and
Arunachal |Loamy to sandy soils, | altitude stress crops, frost- e . .\ . . .
. ) .. ] fertility soils, sensitive|high altitude well, requires
Pradesh high altitude sensitive soils can lead to . . .
to frost highly fertile soil
poor growth
. . |[More tolerant to
., ||Heavy clay soils may cause|Poor performance in . .
) Clay-heavy soils, . . . waterlogging in clay-
Tripura . |[root suffocation, reducing|lclay-heavy soils, needs .
prone to waterlogging || . . heavy soils, needs
yield good drainage e e
irrigation management
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Analysis:

HD 2967 is more adaptable to a variety of soil types than Sonalika. It performs well in regions with loamy and sandy
soils and is more resilient to clay-heavy soils found in Tripura. It also tolerates high-altitude regions with lower soil
fertility, which makes it ideal for areas like Arunachal Pradesh.

Sonalika, on the other hand, is sensitive to both waterlogged soils and acidic conditions. In regions with poor drainage
or high rainfall, it can suffer from root rot and disease pressure, requiring intensive soil management practices.

In Nagaland and Meghalaya, the presence of clay soils and poor drainage can lead to excessive moisture retention,
which negatively impacts wheat growth, particularly for Sonalika. HD 2967, with its better root system and disease
resistance, fares better in these conditions.

Combined Effects of Climate and Soil: The combined influence of climate and soil conditions significantly impacts the
overall health, yield, and disease resistance of wheat crops in the Northeastern states.

Climate and Soil|[Impact on  Wheat
Region ! ! p. . Sonalika HD 2967
Challenges Varieties
Cool, humid|Moisture stress and||Susceptible to disease and||Thrives in cool conditions
Meghalaya ||climate, acidic,||disease pressure due to|waterlogging, requires||with good drainage,
loamy soils high rainfall well-drained soils sensitive to acidic soils
Performs moderately well|Performs better due to
Moderate Soil drainage issues and ] yw . . .
. . |[but  requires  regular||disease resistance and
Nagaland |[temperatures, clay| disease pressure during .
) ] management of  soil|tolerates moderate
and loamy soils heavy rainfall . R
drainage moisture stress
Arunachal Cool, high-altitude||Frost and low fertility|[Poor performance in frost-|Performs well due to frost
Pradesh climate, low fertility|reduce crop||prone areas with low|resistance and ability to
soils performance fertility tolerate lower soil fertility
Waterlogging and poor|Sensitive to waterloggin Better suited to  humid
v
. Hot, humid climate, S8ls P . BBMSl limates and clay-heavy
Tripura ] root growth reduce|performs poorly in clay-|| e .
clay-heavy soils .. . soils but requires irrigation
wheat productivity heavy soils
management
Analysis:

The combination of high rainfall, humid conditions, and clay-heavy soils in regions like Meghalaya and Tripura can
significantly reduce wheat productivity. In such arecas, HD 2967's resilience to diseases and waterlogging tolerance
make it a more viable option than Sonalika.

Sonalika faces more challenges in regions with moisture stress and poor drainage, which affects its overall growth
and disease resistance. However, it can still perform adequately in regions with moderate rainfall and good soil
management.

HD 2967's climate tolerance, combined with its ability to thrive in a variety of soils, allows it to perform consistently
well, even in high-altitude or low-fertility soils, making it the preferred choice for regions like Arunachal Pradesh and
Nagaland.

Suggestions for Improved Agronomic Management
Improved Seed Selection and Preparation

Seed Selection: Choosing high-quality, certified seeds is critical to achieving optimal yield. Both Sonalika and HD 2967
should be sourced from trusted suppliers to avoid the introduction of pests and diseases.

Seed Treatment: Prior to sowing, treat seeds with fungicides and insecticides to prevent seed-borne diseases and pest
infestation. Trichoderma or Azospirillum can be used to enhance root growth and soil health.
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Seed Priming: For regions with delayed rainfall or moisture stress, priming seeds with hydrated coatings can improve
germination rates and early growth, especially in areas like Arunachal Pradesh and Nagaland, where seasonal
variations in rainfall are common.

Optimized Sowing Methods and Timing

Sowing Time: In regions like Meghalaya and Tripura, where rainfall distribution is erratic, sowing should be timed
with the onset of the monsoon or pre-monsoon showers. For HD 2967, which is more adaptable to cold, early sowing
should be done in higher altitudes like Arunachal Pradesh to avoid frost damage.

Row Spacing and Plant Density: For better crop health and yield, sowing should be done with adequate spacing between
rows (25-30 cm), ensuring adequate air circulation and reducing the risk of disease development. HD 2967 has shown
a better ability to thrive with closer spacing, while Sonalika benefits from more spacious planting to reduce competition
for nutrients.

Enhanced Irrigation Management

Water Management: In Nagaland and Meghalaya, where heavy rains during the monsoon season can lead to
waterlogging, farmers should adopt drainage systems such as subsurface drains or raised beds to improve soil aeration
and prevent root rot. For regions with less frequent rains, like Arunachal Pradesh, drip irrigation or micro-sprinklers
could be used for efficient water use and moisture retention.

Water Scheduling: Implement irrigation scheduling based on the crop’s growth stage and soil moisture levels. HD
2967 may require more frequent irrigation during booting and heading stages, whereas Sonalika may need regular
watering during tillering and grain filling stages.

Fertilizer Application and Soil Management

Balanced Fertilization: Both Sonalika and HD 2967 benefit from a balanced NPK (Nitrogen, Phosphorus, and
Potassium) fertilization program. However, the soil fertility of the region should be assessed before applying fertilizers.
In low-fertility areas such as Arunachal Pradesh, organic amendments like compost or vermicompost should be used
to increase soil nutrient content.

Micronutrient Management: In regions with acidic soils like Meghalaya, applying lime to neutralize soil pH is
essential. Additionally, zine, boron, and iron deficiencies should be addressed by applying respective micronutrient
fertilizers to ensure healthy plant growth.

Green Manuring: For sustainable practices, farmers should incorporate green manure crops like legumes to fix nitrogen
and improve soil structure, especially in clay-heavy soils in Tripura.

Pest and Disease Management

Integrated Pest Management (IPM): The use of biological control agents like ladybugs and parasitic wasps for
controlling aphids and wheat stem borers should be prioritized. Additionally, natural predators should be encouraged
to control wheat leaf rust and powdery mildew outbreaks, especially in humid regions like Meghalaya.

Fungicide Application: Fungicide spraying should be conducted as preventive measures, especially during rainy seasons
when disease pressure is high. Triazole-based fungicides like tebuconazole and propiconazole can be used effectively
for controlling rusts and molds.

Pest Monitoring: Implement regular pest scouting and early pest detection practices. The use of pheromone traps and
yellow sticky traps can help monitor pest populations and control outbreaks before they affect yield.

Crop Rotation and Soil Health Management

Crop Rotation: To avoid soil depletion and disease buildup, crop rotation should be practiced. Growing leguminous
crops like peas or beans after wheat can enhance soil nitrogen levels, reducing the need for chemical fertilizers.

Soil Conservation: In hilly regions such as Nagaland and Arunachal Pradesh, contour farming and terracing can
reduce soil erosion, maintain moisture retention, and improve soil fertility.

Post-Harvest Management and Storage

Harvesting Time: Wheat should be harvested when the grain reaches physiological maturity, as over-matured crops are
prone to shattering. In high-altitude regions like Arunachal Pradesh, early harvesting may be necessary to avoid frost

damage.
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Storage Techniques: Post-harvest, wheat should be stored in cool, dry environments. Grain silos or hermetically
sealed bags should be used to protect the grain from pests and fungal infections. Ensuring that the moisture content of
harvested grain is below 12-14% is vital for preventing grain spoilage during storage.

Medicinal Use

Nutritional Profile of Sonalika and HD 2967 Varieties

The nutritional quality of wheat is a key factor influencing its acceptance for consumption and industrial use. Both
Sonalika and HD 2967, while high-yielding varieties, exhibit differences in their nutritional profiles based on their
genetic characteristics and adaptability to environmental conditions. This section examines their nutritional composition,
focusing on protein content, carbohydrates, minerals, and dietary fiber, which are critical for their suitability in food
and industrial applications.

Comparative Nutritional Composition

Nutrient |Sonalika IHD 2967 [Recommended Daily Intake (RDI)|
Protein 11.2-12.5% 12.5-13.7% 50 g (based on a 2,000 kcal diet)

| | | | |
Carbohydrates ||68.5-71.2% 67.8-70.5% 225-325¢g

| | | | |
Dietary Fiber  [[10.8-11.3% 111.0-12.0% 2530 ¢ |
Minerals (Ash 1.8-2.2% 1.9-2.4% Varies

| (Ash) | | | |
lron (Fe) 42-48mg/100 g [[4.5-52mg/100g |8-18 mg |
Zinc (Zn) 3:2-3.7mg/100 g [3.54.0mg/100g [8-11 mg |
[Magnesium (Mg)||90-100 mg/100 g [[95-110 mg/100 g [[310-420 mg |
[Energy Value  |335-340 keal/100 g[330-340 keal/100 gl|Varies |

Key Observations

Protein Content:

HD 2967 has a slightly higher protein content compared to Sonalika, making it more suitable for high-protein diets
and applications like bread-making, where gluten strength is crucial.

Sonalika, though lower in protein, is still within the range suitable for various cereal-based products.

Carbohydrates and Dietary Fiber:

Both varieties have comparable carbohydrate content, providing an excellent energy source for daily dietary
requirements.

HD 2967 has a marginally higher dietary fiber content, enhancing its suitability for health-conscious consumers looking
for fiber-rich diets.

Micronutrient Content:

HD 2967 has slightly higher levels of iron, zinc, and magnesium, contributing to better micronutrient density. This
makes it a favorable choice for regions with high incidences of micronutrient deficiencies like iron-deficiency anemia
and zinc deficiency.

Sonalika also provides a significant level of micronutrients but is marginally lower compared to HD 2967.

Energy Value: Both varieties are comparable in terms of caloric value, making them equally effective as energy sources
in staple diets.

Nutritional Benefits of Each Variety
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‘Variety HNutritional Strengths HPotential Applications ‘

- Suitable for traditional flatbreads like chapati and
- Balanced protein and carbohydrates suitable for||paratha.

Sonalik . : .
onata daily consumption - Applicable in processed foods like biscuits and
cakes.
. . . . - Excellent for industrial baking (bread, pasta).
- High t d diet fiber ideal for health- .
HD 2967| 2 protein and dietary Tiber 1deat for hea - Preferred for fortified products targeting iron and

focused products.

zinc deficiencies.

Regional Impact on Nutritional Profile: The nutritional composition of both varieties can vary based on soil fertility,
climate, and agronomic practices in the Northeastern states:

Meghalaya: Acidic soils may reduce the availability of micronutrients like zinc and iron, slightly lowering their content
in the harvested grain. Lime application is recommended to enhance nutrient uptake.

Nagaland: Loamy soils with moderate fertility support the retention of protein and fiber, ensuring the grains maintain
high-quality standards.

Arunachal Pradesh: The cool climate and low fertility soils may reduce protein synthesis in Sonalika, while HD 2967
remains relatively unaffected due to its genetic resilience.

Tripura: High humidity and waterlogging can affect grain starch composition, necessitating better drainage and soil
aeration practices.

Potential Medicinal Benefits of Wheat

Wheat, a staple crop, is increasingly recognized for its medicinal benefits, attributed to its rich nutritional profile and
presence of bioactive compounds. The Sonalika and HD 2967 varieties, commonly cultivated in India, exhibit properties
that contribute to overall health and disease prevention. This section highlights the potential medicinal benefits of wheat,
emphasizing its role in promoting health through dietary fiber, antioxidants, and essential nutrients.

High Dietary Fiber Content

Digestive Health: The high dietary fiber content in wheat, particularly in HD 2967, improves gut health by enhancing
bowel regularity and preventing constipation.

Clinical Evidence: Studies show that diets high in wheat fiber reduce the risk of colorectal cancer by promoting the
growth of beneficial gut microbiota.

Weight Management: Dietary fiber increases satiety, reducing overall calorie intake and aiding in weight loss. This
property is beneficial in combating obesity, a growing concern in modern lifestyles.

Antioxidant Properties

Whole Wheat Antioxidants: Both varieties contain significant amounts of phenolic acids, flavonoids, and tocopherols
(Vitamin E), which act as antioxidants. These compounds neutralize free radicals, reducing oxidative stress and
preventing chronic diseases like cancer and cardiovascular disorders.

Prevention of Age-related Diseases: Antioxidants in wheat delay the onset of conditions like macular degeneration,
cognitive decline, and skin aging by protecting cellular integrity.

Role in Cardiovascular Health

Cholesterol Management: The soluble fiber in wheat helps lower LDL (bad cholesterol) levels by binding to
cholesterol in the digestive system, reducing its absorption.

Research Insight: Regular consumption of wheat-based products has been linked to a lower risk of atherosclerosis and
hypertension.

Heart-friendly Nutrients: Magnesium and potassium, present in higher concentrations in HD 2967, help regulate blood
pressure and maintain a healthy heartbeat.

© 2026 The . Published by . Website: https://ijcope.org/ 27


https://ijcope.org/

International Journal of Creative and Open Research in Engineering and Management
ISSN: 3108-1754 (Online)
Volume 02 Issue 04 April-2026 | Impact Factor: 3.5

Glycemic Control and Diabetes Management

Low Glycemic Index (GI): Whole wheat products, especially from Sonalika, have a low GI, releasing glucose slowly
into the bloodstream, which helps manage blood sugar levels.

Clinical Applications: Including whole wheat in the diet reduces the risk of Type 2 diabetes and supports glycemic
control in diabetic patients.

Rich Source of Essential Micronutrients

Iron and Zinc: Both varieties, particularly HD 2967, are rich in iron and zine, addressing common deficiencies like
anemia and supporting immune function.

Health Benefits: Zinc plays a role in wound healing, while iron is essential for oxygen transport and preventing fatigue.
Vitamin E: Present in wheat germ, Vitamin E acts as an anti-inflammatory agent, supporting skin health and preventing
chronic inflammation-related conditions like arthritis.

Cancer Prevention

Phytonutrients in Wheat: Wheat contains lignans, which have been shown to exhibit anti-carcinogenic properties by
binding to estrogen receptors, reducing the risk of hormone-related cancers like breast and prostate cancer.

Colon Cancer Reduction: Wheat fiber increases stool bulk, dilutes carcinogens, and reduces transit time in the colon,
significantly lowering the risk of colorectal cancer.

Role in Bone and Joint Health

Magnesium and Calcium Synergy: The magnesium content in wheat enhances calcium absorption, contributing to
stronger bones and reducing the risk of osteoporosis, especially in women and the elderly.

Anti-inflammatory Effects: Wheat's antioxidants and polyphenols reduce joint inflammation, alleviating symptoms of
arthritis and other inflammatory disorders.

Skin and Hair Benefits

Skin Health: Wheat germ oil, extracted from the kernel, is rich in Vitamin E and acts as a natural moisturizer, reducing
dryness, eczema, and wrinkles.
HD 2967, due to its slightly higher Vitamin E content, provides added benefits for skin rejuvenation.

Hair Growth: The protein and zinc in wheat support keratin production, improving hair strength and reducing hair loss.
Comparative Overview of Medicinal Properties

Benefit |Sonalika IHD 2967
Moderate diet fiber i t
Digestive Health heth;ra © dictary Hbel tmproves gt High dietary fiber offers superior benefits.
Antioxidant Rich in phenolic acids; prevents||Higher in Vitamin E and tocopherols; excellent for
Content oxidative damage. reducing inflammation.
Diabetes . .
Low GI supports stable glucose levels. ||Suitable for long-term glycemic control.
Management
Adequate magnesium for calcium|| . .
Bone Health . Higher magnesium content enhances bone strength.
metabolism.
Skin & Hair Provildes Vitamin E  for skin||Higher Vitamin E levels improve overall skin and hair
nourishment. health.

Traditional and Modern Uses of Wheat in Healthcare

Wheat has been an integral part of traditional healthcare systems and modern medical practices due to its diverse range of
nutritional and bioactive compounds. Both Sonalika and HD 2967 varieties demonstrate applications that bridge
traditional medicine and contemporary health interventions, addressing a broad spectrum of health needs. This section
explores wheat's historical use in traditional remedies and its evolving role in modern healthcare.
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Traditional Uses of Wheat in Healthcare

Digestive Health

Traditional Practices: In traditional medicine, wheat bran was widely used as a natural remedy for constipation and to

cleanse the digestive tract.

Method: Ground wheat or wheat bran was consumed with water or milk to aid in bowel regularity.

Current Relevance: Modern studies validate the use of wheat bran for improving gut microbiota and reducing the risk

of colorectal disorders.

Wound Healing

Historical Context: Wheat flour paste was traditionally applied to minor wounds and burns for its soothing and anti-

inflammatory properties.

Mechanism: The paste creates a protective barrier, promoting faster healing.

Scientific Basis: Compounds like tocopherols (Vitamin E) in wheat germ oil are known for their antioxidant and anti-
inflammatory effects, supporting wound healing.

Energy and Vitality

Cultural Practices: Wheat-based porridges were a staple for recovering patients, providing an easily digestible source of
energy and nutrition.

Modern View: The carbohydrate-rich profile of wheat continues to make it a preferred choice for energy restoration
in recovery diets.

Modern Uses of Wheat in Healthcare

Functional Foods

Role in Preventive Health: Modern healthcare incorporates wheat into functional foods to address specific health needs:
Heart Health: Whole wheat products are marketed as heart-healthy options due to their ability to lower cholesterol and
blood pressure.

Weight Management: Foods made with HD 2967 are preferred for their higher fiber content, supporting weight loss and
metabolic health.

Examples: Fortified wheat flour with added iron and zinc is used to combat micronutrient deficiencies, particularly
in developing regions.

Therapeutic Applications

Diabetes Management: Low-GI wheat varieties, like Sonalika, are integrated into diets for diabetic patients to
maintain stable blood sugar levels.

Products: Specialized diabetic-friendly breads and pastas made from whole wheat are increasingly popular.

Colon Cancer Prevention: Wheat bran is included in clinical recommendations for reducing the risk of colorectal
cancer through improved digestion and lower toxin exposure.

Nutraceutical Development

Wheat Germ Oil: Extracted from the kernel, wheat germ oil is used in nutraceuticals for its high content of Vitamin
E, omega-3 fatty acids, and phytonutrients.

Applications: Skincare formulations for anti-aging and hydration. Supplements for reducing oxidative stress and
improving cardiovascular health.

Beta-glucan and Phenolic Compounds: These bioactive compounds in wheat are extracted and used in the production
of anti-inflammatory and cholesterol-lowering drugs.
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Comparative Overview of Traditional and Modern Uses

‘Healthcare Area HTraditional Uses HModern Applications |
‘Digestive Health HWheat bran for constipation relief. HBran as a prebiotic for gut microbiota health. ‘
Wheat paste for soothing burns and . . .
Wound Healing woun dsp & Wheat germ oil for faster tissue repair.
. High-energy wheat snacks for athletes and recove

Energy Recovery Porridge for convalescent care. diegts 24 Yy

. Functional foods to reduce cholesterol and
Heart Health General consumption of whole wheat. h;/lpertension u
Diabetes . . o .

! Low-GI wheat in traditional meals. Specialized products for glycemic control.
Management
Nutritional .. . Fortified wheat flour for combating anemia and zinc
L. No traditional focus on enrichment. .

Deficiencies deficiency.
‘Cancer Prevention HNot a traditional focus. HWheat bran for colorectal cancer risk reduction. ‘
‘Skin and Hair HLimited use for skin hydration. HWheat germ oil in cosmetics and skincare formulations.‘

Regional Adaptations of Wheat-based Healthcare Practices

The Northeastern states of India have adapted both traditional and modern uses of wheat in their healthcare practices:
Traditional: In Meghalaya and Nagaland, wheat-based soups are consumed for rejuvenation and digestive health.
Modern: In Tripura, fortified wheat products are introduced in public health programs to address iron and zinc
deficiencies.

Food Industry Use

Applications of Sonalika and HD 2967 in Food Production

The wheat varieties Sonalika and HD 2967 have proven to be versatile raw materials in the food production industry,
catering to diverse culinary and industrial requirements. Their unique characteristics—such as high grain quality, protein
content, and adaptability to milling processes—make them suitable for producing a wide range of food products, including
bread, biscuits, noodles, and more. This section details the applications of these varieties in various food production
domains.

Bread Production

Key Features: Both Sonalika and HD 2967 have high levels of gluten strength and water absorption capacity, making
them ideal for bread-making. HD 2967, with its higher protein content, is particularly preferred for producing fluffy, well-
textured bread.

Applications: Whole Wheat Bread: Uses whole grain flour to retain nutritional benefits.

Fortified Bread: Enriched with iron and zinc, leveraging the natural micronutrient profile of HD 2967.

Commercial Use: Bakeries in Meghalaya and Nagaland increasingly use these varieties for artisanal and mass-produced
bread due to their consistent dough quality.

Biscuit and Cookie Production

Key Features: Sonalika is particularly suitable for biscuit production due to its soft flour, which results in a tender crumb
and smooth texture. HD 2967 provides better crispiness and golden colouring, enhancing the visual appeal and crunch
of biscuits.

Applications: Digestive Biscuits: Made with whole wheat flour for added fiber and health benefits. Cream-filled
Cookies: Require a fine texture and balanced sweetness, easily achieved with Sonalika flour.
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Market Presence: These varieties are widely used by small-scale and large-scale biscuit manufacturers in Tripura and
Arunachal Pradesh, catering to both urban and rural markets.
Noodle and Pasta Production

Key Features: The gluten structure of HD 2967 supports the elasticity and firmness required in noodle production, while
Sonalika's softer flour enhances flavor and smoothness.

Applications: Instant Noodles: HD 2967 flour is used for its high protein content and structural integrity during boiling.
Whole Wheat Pasta: Made with Sonalika flour for a softer, nutrient-rich product.

Consumer Preference: In urban markets, health-conscious consumers opt for whole wheat noodles made with Sonalika
for its fiber content.

Traditional Flatbreads and Chapatis

Key Features: Both varieties excel in producing soft and pliable flatbreads, essential for chapatis and parathas. HD
2967, with its balanced protein and starch content, is favored for light, fluffy chapatis.
Applications: Chapati Flour: Used in households and commercial setups across the
northeastern states.
Paratha and Puri: Both varieties ensure the dough remains flexible and easy to roll.
Regional Impact: In rural areas of Meghalaya, these varieties are utilized for producing traditional wheat-based breads
as part of daily diets.
Snack Foods

Key Features: Sonalika’s fine milling quality and HD 2967’s nutrient-rich profile are ideal for processed snack items like
crackers and extruded snacks.

Applications:

Crackers: Made using HD 2967 for its ability to produce light and crispy textures.

Extruded Snacks: Fortified with vitamins and minerals using Sonalika for its smooth milling properties.

Market Growth: The demand for healthy wheat-based snacks is increasing in Tripura and Nagaland, driving
innovations in snack formulations.

Breakfast Cereals

Key Features: Wheat flakes and other cereals require grain with high starch quality and crispiness, which HD 2967
provides efficiently.

Applications: Wheat Flakes: Used in processed cereals targeting health-conscious

consumers. Porridge Mixes: Made with Sonalika flour for a softer and creamier consistency.

Consumer Reach: These products are popular in urban centers, with growing penetration in rural regions through
government food schemes.

Specialized Food Products

Gluten-Free Alternatives: While wheat itself contains gluten, these varieties are processed to create gluten-reduced
flours for niche markets.

Baby Foods: Sonalika’s softer texture and nutrient profile make it suitable for producing infant cereals and baby food
formulations.

Health Bars: Both varieties are utilized in energy bars and protein snacks, targeting athletes and fitness enthusiasts.
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Comparative Overview of Food Production Applications

‘Food Product HSonalika Features HHD 2967 Features |
‘Bread HGood for traditional whole wheat bread. HBest for fluffy, high-volume bread. ‘
‘Biscuits HSofter texture, ideal for tender biscuits. HCrispiness and color for premium cookies.‘
‘Noodles/Pasta HF lavor and softness in whole wheat pasta. HElasticity and firmness in instant noodles. |
‘Flatbreads HSmooth rolling for soft chapatis. HBalanced protein for fluffy flatbreads. |
‘Snacks HFine flour for crackers and snack coatings.HCrisp texture for extruded snacks. ‘
‘Breakfast CerealsHCreamy consistency in porridge. HCrunchy flakes for cereals. |

Market Potential for Wheat-based Products from Sonalika and HD 2967

The wheat varieties Sonalika and HD 2967 exhibit significant market potential due to their adaptability, superior grain
quality, and versatile applications in food industries. These varieties cater to both domestic and global demand for wheat-
based products, aligning with emerging trends in health, convenience, and functional food markets. This section outlines
the market opportunities for products derived from these varieties.

Domestic Market Potential - Traditional Wheat-based Foods

High Demand: Wheat is a staple in Indian diets, with chapati, paratha, and puri being consumed across the country. Both
Sonalika and HD 2967 are ideal for producing high-quality flour for traditional flatbreads.

Market Size: The domestic wheat flour market in India is expected to grow at a CAGR of 6-7%, driven by increasing
urbanization and demand for ready-to-eat options.

Processed Foods

Growth of Packaged Products: Packaged products like bread, biscuits, and noodles, made using these varieties, are
witnessing rapid growth, particularly in urban and semi-urban areas.

Key Products: i) Whole wheat bread made from HD 2967, ii) Digestive biscuits using Sonalika flour., iii) Instant noodles
catering to convenience-oriented consumers.

Consumer Trends: Health-conscious consumers are driving demand for whole-grain and fortified wheat products,
creating opportunities for fortified flours and healthy snacks.

Export Market Potential - Demand for High-quality Wheat

Global Market Access: Both varieties meet international quality standards, making them suitable for export to regions
with high wheat consumption, such as Middle East, Southeast Asia, and Africa.

Target Segments: Bread and Bakery: HD 2967 is in demand for high-protein bread production. Health Foods: Sonalika,
with its suitability for low-GI products, appeals to health-focused markets in Europe and North America.

Niche Export Products

Fortified Wheat Products: Fortified flours and value-added products, such as wheat germ oil and bran, have strong
export potential.

Example: Exporting whole wheat flour enriched with vitamins to countries battling malnutrition.

Specialized Markets: Gluten-reduced or fiber-rich wheat-based products from Sonalika cater to niche dietary needs
abroad.

Regional Market Opportunities in Northeastern India - Local Food Consumption

Traditional Preferences: The northeastern states (Meghalaya, Nagaland, Tripura, Arunachal Pradesh) are showing
growing demand for locally sourced wheat for chapati and snacks.

Key Opportunity: Promoting regionally milled Sonalika and HD 2967 wheat for traditional dishes.

Government Support: Initiatives promoting food security and regional agricultural development provide a ready
market for wheat varieties suited to local climatic and soil conditions.
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Small-scale Enterprises

Potential for Cottage Industries: Wheat-based products such as artisanal bread, noodles, and biscuits can be
manufactured at a small scale using these varieties.

Economic Impact: Encouraging local production could boost rural economies and provide employment opportunities.
4. Emerging Trends and Market Drivers - Health and Wellness Market

Consumer Shift: Rising awareness of health benefits associated with whole grains is driving demand for fiber-rich and
low-GI wheat products, both of which can be derived from Sonalika and HD 2967.

Examples: Whole wheat crackers, breakfast cereals, and diabetic-friendly bread.

Convenience Foods

Ready-to-cook and Ready-to-eat Segments: Products like instant noodles, pasta, and pre-mixed chapati dough are in
demand, especially among working professionals and urban households.

Functional and Fortified Foods

Micronutrient Fortification: HD 2967 is particularly well-suited for producing fortified flours to combat anemia and
malnutrition.

Market Example: Wheat flour fortified with iron and zinc is part of government nutrition programs.

Market Potential Assessment

‘Category HKey Products HGrowth Drivers HMarket Outlook ‘
Traditional . . Growi lati d regional food .
racitiona Chapati, paratha, puri flours. ro.w 1&g poptiation and regionat 100 Strong and consistent.
Foods habits.
‘Packaged Foods HBread, biscuits, noodles. HUrbanization and convenience. HHigh growth potential.‘
Whol in bread, digesti . . :
Health Foods . ° .e gram - bread,  AgestVel Y e alth-conscious consumers. Rapidly expanding.
biscuits.
Export Products |[High-protein wheat, fortified flour.||International demand for quality wheat. romlslng.
opportunities.
Functional Fortified flour, gluten-reduced||Awareness about nutritional|| . .
L Niche but growing.
Foods products. deficiencies.

Suitability of Sonalika and HD 2967 for Industrial Processing

The wheat varieties Sonalika and HD 2967 possess unique traits that make them highly suitable for a range of industrial
processing applications. Their adaptability to milling, baking, and other processing techniques ensures their viability for
producing high-quality products across various food and non-food industries.

Key Traits Supporting Industrial Processing

‘Grain HardnessHMedium-soft, ideal for cookies and noodles. HHard, preferred for bread and pasta.

‘Trait HSonalika HHD 2967 ‘
‘Gluten StrengthHModerate, suitable for soft-textured products.HHigh, ideal for bread and structural products. ‘
‘Protein ContentHBalanced, supports diverse applications. HHigher protein content, enhances product quality.‘
‘Milling Quality HFine flour with good extraction rates. HExcellent extraction efficiency and texture. ‘
|
|

‘Starch Content HAdequate for processed snacks and cereals. HBalanced for products needing elasticity.
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2. Industrial Applications of Sonalika and HD 2967 - Milling and Flour Production

Milling Efficiency:

Both varieties offer high flour extraction rates, reducing waste and ensuring cost-effectiveness.
HD 2967 produces a more consistent hard flour, preferred for bread-making.

Sonalika yields softer flour, suitable for biscuits and pastries.

By-products Utilization:

Bran from milling is used in animal feed and health products.

Wheat germ is extracted for oil and nutraceuticals.

Baking and Confectionery

Bread and Buns: HD 2967’s high gluten content supports the development of flufty, high-volume bread and buns.
Biscuits and Cakes: Sonalika's moderate gluten levels make it suitable for soft, crumbly textures in biscuits and cakes.
Industrial Demand: Both varieties are widely adopted by bakeries and food manufacturers due to their reliability in
texture and taste.

Noodles and Pasta Manufacturing

Elasticity and Durability: HD 2967 is ideal for noodles and pasta requiring high gluten strength for elasticity and
firmness. Sonalika’s softer flour is preferred for softer, whole-grain pasta varieties.

Consistency in Processing: Both varieties deliver consistent results during extrusion and drying processes.

Snack Foods and Breakfast Cereals

Extruded Snacks: HD 2967’s starch content supports expansion and crunchiness in extruded products like puffs and
chips.

Breakfast Cereals: Sonalika is suitable for creating creamy porridge and wheat flakes, while HD 2967 is preferred for
crunchy cereal products.

Innovative Uses: Blends of these varieties are used in developing high-fiber, fortified snack products.

Functional and Fortified Foods

Fortified Flour Production: Both varieties are used to produce flour enriched with iron, zinc, and folic acid for
government nutrition programs and health-focused markets.

Functional Ingredients: Sonalika and HD 2967 are processed into wheat protein isolates and starches for specialized
health products.

Non-Food Industrial Uses

Bio-based Packaging: Wheat starch from these varieties is increasingly used in creating biodegradable packaging
materials.

Fermentation Industry: The starch content of Sonalika and HD 2967 supports applications in brewing and bioethanol
production.

Comparative Performance in Industrial Applications

‘Industrial Use HSonalika Advantages HHD 2967 Advantages ‘
‘Milling HF ine flour with high extraction rates. HExcellent texture and yield consistency. ‘
‘Baking HIdeal for soft biscuits and cakes. HHigh-VOlume bread with superior texture.‘
‘Noodles/Pasta HSmooth, soft noodles. HFirm and elastic pasta. ‘
‘Snack Foods HCreamy texture in porridge and crackers. HCrunchy and durable extruded snacks. ‘
‘Breakfast CerealsHIdeal for soft, whole-grain products. HCrispy and crunchy cereal products. ‘
‘Fortiﬁcation HVersatile for blending with micronutrients.HRetains quality with added nutrients. ‘
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Challenges and Opportunities
Challenges

Regional Milling Infrastructure: Limited access to advanced milling facilities in the northeastern states can impact the
large-scale processing of these varieties.

Storage Requirements: High-quality storage facilities are essential to maintain grain quality post-harvest.
Opportunities

Rising Demand for Processed Foods: The increasing preference for ready-to-eat and convenience foods drives the
demand for industrially processed wheat products.

Export Potential: Both varieties meet global standards for industrial processing, opening up international markets.
Sustainability Trends: Industrial applications in biodegradable materials and biofuels align with environmental goals.
Conclusion

Findings

Agronomic Performance:

Both Sonalika and HD 2967 demonstrated robust growth and yield potential in the northeastern states of Meghalaya,
Nagaland, Arunachal Pradesh, and Tripura.

HD 2967 showed higher productivity in regions with optimal irrigation and fertilizer application, while Sonalika
performed well under relatively less intensive management.

Adaptability to Regional Conditions:

Sonalika displayed greater tolerance to varying climatic and soil conditions, making it suitable for marginal lands.

HD 2967 thrived in areas with well-drained soils and controlled irrigation.

Industrial and Nutritional Value:

Both varieties are versatile, supporting the production of traditional foods, processed products, and functional foods.
The nutritional profiles of these varieties cater to the growing demand for health-oriented wheat-based products.
Economic Viability:

Cultivation of these varieties yielded high returns due to market demand and their suitability for diverse applications.
Implications for Stakeholders

Farmers:

Adopting Sonalika and HD 2967 can enhance productivity and profitability, especially when combined with
recommended agronomic practices.

Training on pest and disease management, irrigation techniques, and optimal sowing timing is essential.

Policymakers:

Supporting wheat cultivation in the northeastern states through subsidies, extension services, and infrastructure
development can boost regional agriculture.

Promoting these varieties in government nutrition programs and public procurement schemes can enhance food security.
Industry Stakeholders:

Flour mills, food processing units, and exporters can benefit from the consistent quality and versatility of these wheat
varieties.

Investment in local milling and value-addition facilities will strengthen the supply chain.

Recommendations for Future Research and Development

Genetic Improvements:

Breeding efforts to enhance drought and disease resistance in both varieties.

Development of hybrids suitable for organic and low-input farming systems.

Agro-ecological Studies:

Long-term studies on the impact of climate change on the productivity of Sonalika and HD 2967 in the northeastern
region.

Soil health assessments to refine fertilizer recommendations.
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Innovative Practices:

Trials for advanced irrigation techniques like drip and precision farming to optimize resource use.
Pilot projects on integrating these varieties into crop rotation systems with legumes or oilseeds.
Value-added Product Development:

Research on new applications of Sonalika and HD 2967 in functional foods and bio-based industries.
Potential for Scaling Up Cultivation in the Region

Land and Resource Availability:

The northeastern states have untapped arable land that can be brought under wheat cultivation with minimal ecological
disturbance.

Improving irrigation infrastructure and adopting soil conservation techniques can significantly boost productivity.
Market Demand:

Rising domestic and international demand for high-quality wheat creates an opportunity to scale up production.
Developing localized supply chains for wheat-based products can stimulate regional economies.

Policy and Institutional Support:

Initiatives like input subsidies, minimum support price (MSP) guarantees, and access to credit will encourage farmers to
expand cultivation.

Collaboration with agricultural research institutions to provide tailored solutions for local challenges.

Sustainability Considerations:

Scaling up should prioritize sustainable practices to maintain soil fertility and water resources.

Promoting farmer cooperatives for collective marketing and resource management can ensure equitable growth.
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