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ABSTRACT 
 

This article provides a complete overview on the Seed and Varietal Replacement Rates in India and 
examines the significant advancements in seed technology and their transformative impacts on 
Indian agriculture. As technological innovations and policy reforms have introduced                      
high-yielding, good quality and resistant varieties for biotic and abiotic stresses, these 
improvements have greatly influenced seed replacement rates and varietal adoption in different 
climatic conditions. The study highlights how these developments contribute to enhanced crop 
productivity, better resource use efficiency, and increased food security. Key areas of focus                  
include the role of biofortification in improving nutritional quality, the adoption of drought-tolerant 
crops to combat climate challenges, and the benefits of high-quality certified seeds. The article 
emphasizes that optimizing seed replacement rates and integrating advanced seed technologies 
are crucial for achieving sustainable agricultural practices and maximizing farm profitability. 
Continued investment in research and effective extension services are essential to                           
support the widespread adoption of these innovations and drive future advancements in Indian 
agriculture. 

 

 
Keywords: Seed replacement rates; varietal adoption; agricultural productivity; seed technology. 
 

1. INTRODUCTION  
 

The evolution of seed technology in Indian 
agriculture has been a crucial aspect of the 
country's agricultural development. 
Technological advancements and policy reforms 
have created new opportunities for private 
investments in the seed and agricultural 
biotechnology sectors in India [1]. These 
developments have significantly impacted 
varietal and seed replacement rates, which have 
played a vital role in enhancing agricultural 
productivity and food grain production in the 
country [2]. Seeds, as technological carriers, not 
only facilitate the realization of the potential of 
different crop varieties but also enable effective 
crop management practices [3]. The quality of 
seeds has been a focal point in Indian 
agriculture, with studies emphasizing the 
importance of ensuring the availability of quality 
seeds to farmers at affordable prices [4]. The 
impact of quality seeds on agriculture, including 
enhancing seed replacement rates and varietal 
replacement rates, has been a subject of 
analysis to support high yields in field crops [5]. 
Additionally, the development of high-yielding 
and stress-tolerant crop varieties, coupled with 
appropriate production and protection 
technologies, has led to a remarkable increase in 
cereals, pulses, and oilseeds production in India 
[5]. Efforts to improve varietal replacement rates 
in crops like potato have identified constraints 
and recommended extension strategies such as 
participatory varietal development and the 
establishment of seed villages to accelerate the 
adoption of new varieties by farmers [6]. 
Furthermore, the dissemination of productivity-

enhancing agricultural technologies, including 
improved seed varieties, is crucial for promoting 
economic growth and ensuring food security in 
households [7]. These strategies align with the 
broader goal of increasing agricultural 
productivity in smallholder farming systems by 
enhancing access to modern agricultural 
technologies [8]. The Indian seed and agricultural 
biotechnology industries have been evolving, 
with analyses pointing out the need for further 
market development and increased participation 
of firms with significant research and 
development capacities to drive innovation in the 
sector [9]. The concentration of the industry and 
the utilization of available technologies, both 
genetically modified (GM) and non-GM, have 
been highlighted as areas that require attention 
to foster growth and competitiveness in the 
sector [9]. Moreover, the transformation of the 
Indian agricultural input industry, including the 
seed sector, has contributed to the growth of 
agribusiness research and development through 
strengthened patent policies and the expansion 
of research-intensive industries [10]. In the 
context of seed systems, varietal replacement 
rates serve as performance indicators, reflecting 
the effectiveness of the seed system and the 
adoption of new varieties developed through 
plant breeding efforts [11]. Rationalizing variety 
selection, promoting varietal replacement, and 
ensuring seed security for farmers are essential 
components that need to be addressed to 
enhance the efficiency of the current seed 
system in India [12]. The historical assessment of 
wheat varietal innovations in South Africa 
underscores the significance of structural 
changes in the agricultural sector, such as the 
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establishment of research institutions and 
deregulation policies, in consolidating efforts 
towards wheat breeding and varietal 
improvements. 
 

2. THE SCIENCE BEHIND VARIETAL 
REPLACEMENT: BENEFITS AND 
CHALLENGES 

 
Varietal replacement, the process of introducing 
new crop varieties to agricultural systems, is a 
crucial aspect of modern farming practices aimed 
at enhancing productivity, nutritional quality, and 
resilience to environmental challenges. The 
adoption of new crop varieties involves a 
combination of genetic advancements and 
agronomic practices that can bring about 
significant benefits but also pose certain 
challenges [13]. Agronomic biofortification, for 
instance, has emerged as a valuable                             
method to enhance the nutrient content                             
of crops, contributing to global food and 
nutritional security [13]. However, the efficiency 
of nutrient uptake by crops can vary due to 
factors like soil type, crop management 
practices, and fertilizer application                         
methods [13]. This underscores the importance 
of considering various growing conditions and 
management strategies when introducing                  
new crop varieties to ensure optimal 
performance. 
 
In the context of varietal replacement, the 
adoption of drought-tolerant crop varieties, such 
as drought-tolerant maize in sub-Saharan Africa, 
can play a vital role in enhancing                              
farmer adaptation to climate challenges [14]. 
Barriers to the widespread adoption of                    
improved varieties include issues like the 
unavailability of seeds, lack of information, high 
seed prices, and perceived attributes of different 
varieties [14]. Overcoming these barriers 
requires targeted interventions to improve seed 
accessibility, provide adequate information to 
farmers, and address cost-related concerns to 
promote the adoption of beneficial crop                     
varieties. Biofortification, which involves 
increasing the density of micronutrients in staple 
crops through breeding and biotechnology, holds 
significant promise for addressing malnutrition in 
vulnerable populations [15]. By enhancing the 
nutritional quality of staple crops, biofortification 
efforts have the potential to improve                               
the health and well-being of communities in both 

rural and urban settings [15]. This                           
highlights the importance of integrating      
nutritional considerations into varietal 
replacement strategies to address public health 
challenges associated with nutrient                  
deficiencies. Intercropping, a practice that 
involves growing two or more crops together in 
the same field, has been recognized for its ability 
to enhance yield stability, overall productivity, 
and resilience to pest and disease outbreaks. 
Incorporating intercropping systems when 
introducing new crop varieties can offer 
additional benefits to farmers, contributing to 
sustainable agricultural practices and                    
diversified food production systems [16]. This 
underscores the need to consider not only 
individual crop varieties but also their          
interactions within agroecosystems to maximize 
the benefits of varietal replacement. Climate 
change poses significant challenges to 
agricultural systems worldwide, necessitating the 
development of crop varieties with enhanced 
resilience to changing environmental conditions 
[17]. By leveraging big data, advanced breeding 
techniques, and innovative agricultural practices, 
it is possible to breed crop varieties that exhibit 
increased productivity, nutritional value, and 
resilience to climate-related stresses [17]. This 
emphasizes the importance of incorporating 
climate resilience as a key trait in new crop 
varieties to ensure food security in the face of 
changing climatic conditions. In addition to 
genetic advancements, agronomic traits play a 
crucial role in determining the performance of 
crop varieties in the field, including their 
suitability for pollinators and overall resource 
availability [18]. By considering agronomic traits 
in varietal selection processes, farmers and 
breeders can predict factors like floral resource 
availability, which can have implications for 
pollination and overall crop productivity [18]. This 
highlights the interconnected nature of                       
genetic and agronomic factors in determining the 
success of new crop varieties in agricultural 
systems. After the success of green                       
revolution in India as well as other countries of 
the World, it has also been observed that the 
Varietal Replacement Rate (VRR) play an 
important role to achieve higher crop productivity. 
The pace of progress in crop production is mostly 
depend upon the progress of seed programme 
that could able to supply quality seed of high 
yielding and resistant varieties with superior 
genetics.  
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Graph 1. Comparison of Varietal Replacement Rate (VRR) among major field crops in India 
(Source: Annual Report: Glimpses, 2023-24, AICRP on Seed (Crops) 

 
In this Graph 1, 5 to 10 years data comprising of 
Varietal Replacement Rate in major crops of 61 
AICRP centres on seeds from the different states 
of India. The data of ten years of VRR showed 
the minimum 42.4% in and maximum 97.20% in 
Rape seed & Mustard and lentil crops 
respectively. This prove that the VRR is very 
important for adoptability of new cultivars by 
farmers and it also more valuable for high yield 
and crop productivity. As we know that the 
population increasing very fast day by day, 
hence, there is a need to increase the crop 
production in the same proportion but is not 
achieved by the land races or old                           
cultivars. Quality seed may help for crop yield 
enhancement because it has the                              
potential to change the scenario of agricultural 
produce and VRR is the key factor to                   
increase crop productivity as well as crop 
production.   
    
Understanding the impact of growing conditions 
on agronomic characteristics and quality 
attributes of crop varieties are essential for 
optimizing agricultural production [19]. Research 
focusing on how different growing seasons affect 
agronomic traits like protein content in soybean 
varieties can provide valuable insights into 
selecting suitable varieties for specific 
environments [19]. This knowledge can inform 

varietal replacement strategies tailored to 
different growing conditions, ensuring the 
successful adoption of crop varieties that meet 
both nutritional and agronomic requirements. 
Variety adaptability is a key consideration in crop 
breeding policies, especially in the context of a 
changing climate that presents new challenges to 
agricultural system [20]. By incorporating 
measures of variety adaptability into crop variety 
guides, it is possible to enhance the adoption of 
superior crop varieties that are better suited to 
evolving environmental conditions [20]. This 
approach benefits both farmers, who gain access 
to more resilient and productive varieties, and 
breeders, who can develop varieties with traits 
that align with changing climate patterns. The 
Green Revolution, a historical period marked by 
significant advancements in agricultural 
productivity, serves as a testament to the 
transformative impact of adopting new crop 
varieties and innovative farming practices. The 
direct effect of increased crop yields, coupled 
with adjustments in agricultural practices and 
structural transformations, contributed to 
substantial improvements in food production and 
economic indicators [21]. This historical context 
underscores the importance of continuous 
innovation in crop breeding and agronomic 
practices to address current and future 
challenges in agriculture. 
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3. ENHANCING PRODUCTIVITY AND 
SUSTAINABILITY 

 
To enhance productivity and sustainability in 
agriculture, it is crucial to understand the impact 
of seed replacement rates on crop yields, pest 
resistance, and overall farming practices. 
Research indicates that utilizing improved seeds 
not only leads to increased crop yield but also 
boosts the efficiency of other inputs such as 
fertilizers, irrigation, machinery, and labor, 
thereby contributing to sustainable crop 
production [22]. The seed replacement rate 
(SRR), which measures the proportion of the 
total cropped area sown with certified seeds 
compared to farm-saved seeds, plays a 
significant role in agricultural systems. Studies 
have shown variations in SRR across different 
regions, with areas like the Panchkhal valley 
having a higher SRR of around 60% compared to 
remote mountain regions with only 5% SRR, 
highlighting the reliance on hybrid seeds in 
certain areas [23]. Furthermore, findings suggest 
that historical underinvestment in seeding rates 
by farmers could lead to productivity gains if this 
tendency is eliminated, emphasizing the 
importance of optimizing seeding rates for 
maximum return on investment [24]. It has been 
observed that increasing seed costs can impact 
overall farm profitability, underscoring the need 
for farmers to carefully consider and adjust 
seeding rates to ensure optimal returns [25]. 
Policymakers in various countries have 
expressed impatience with the slow progress in 
enhancing the contribution of modern seed 
industries to agricultural productivity growth, 
indicating the urgency of addressing seed 
system development for sustainable agricultural 
practices [8]. In situations where degeneration 
rates and yield effects are significant, farmers are 
more inclined to replace their own seeds with 
high-quality seeds, emphasizing the role of seed 
quality in influencing farmers' decisions and 
investments [26]. Studies have demonstrated 
that interventions such as Bradyrhizobium 
inoculation in organic farming systems can 
significantly enhance soil fertility, yield 
production, and quality, highlighting the 
importance of sustainable farming practices for 
improved agricultural outcomes [27]. Additionally, 
research on soybean yield based on planting 
methods and seeding rates has shown that 
optimizing seeding rates is essential for 
maximizing profitability, as an increase in seed 
mass without a corresponding yield increase may 
indicate the need for adjustments in seeding 

practices [28]. Moreover, the significance of seed 
priming in agriculture and its role in sustainable 
farming practices have been highlighted, 
emphasizing the importance of adopting 
innovative seed technologies for enhanced 
agricultural sustainability [29]. Models that inform 
economic cost-benefit analyses along the seed 
value chain can provide valuable insights into 
optimal replacement rates and strategies to 
address challenges such as invasive pathogens, 
contributing to improved seed system 
development and agricultural productivity. 
Studies comparing certified and farm-saved 
seeds have shown differences in plant population 
density, yield, maturity, and seed quality, 
underscoring the impact of seed sources on crop 
characteristics and overall productivity [30]. 
Research on the role of large traders in driving 
sustainable agricultural intensification in 
smallholder farms has indicated that sales to 
large grain traders can lead to higher adoption of 
inputs like improved seeds, emphasizing the 
influence of market dynamics on farmers' 
agricultural practices [31]. Utilizing self-produced 
seeds by farmers in natural farming systems has 
been shown to enhance crop performance, 
suggesting the benefits of farmer-led seed 
production for sustainable agriculture [32]. The 
association between the age at first calving and 
the survival of first lactation heifers within dairy 
herds highlights the importance of replacement 
rates and target numbers in dairy farming, 
emphasizing the need for strategic breeding and 
culling practices for herd sustainability. 
 

4. ENHANCEMENT IN SEED 
REPLACEMENT RATE (SRR) 

 
SRR is a measure of cropped area covered with 
quality seed. Here below referred illustration 
clearly reflects the incremental trend in nation-
wide SRR in major cereal and pulse crops.  The 
increment in SRR in crops viz. wheat (40.30) and 
paddy (39.81) is of greater significance and is 
due combined efforts of varied seed stakeholders 
and adept policy backing. Farmers were also 
being contemplating the fact about replacement 
of seed in high volume and low value crops 
reflects a sea change in perception and are 
viewing agriculture as a remunerative enterprise. 
At present scenario of crop production SRR is 
having a direct bearing on productivity 
augmentation and enhancement in farmers’ 
income and it is one of the most important factors 
that directly involve for achieving doubling the 
farmers’ income in India. 
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(A) (B) 

 
Graph 2 (A & B). Showed graphical SRR of major cereals and pulses crops 

Source: Seed Section, ICAR Enhancement in Seed Replacement Rate (SRR) – NSP (icar.gov.in) 

 
One main factor of enhancement of SRR is the 
demand of quality seed is increased day by day 
due to the awareness of farmers about 
importance of seed. Another factor is the 
increment in SRR of cereals, pulses and other 
major crops is renewed emphasis and due to 
policy initiatives (seed hubs) in Indian seed 
domain by the Government of India. 
 

5. SITUATIONAL ANALYSIS 
 
Indian farmers in India have made significant 
progress in enhancing productivity and 
profitability through the successful 
implementation of high varietal and seed 
replacement rates. Notably, advancements in 
pearl millet and sorghum breeding have led to 
the adoption of numerous high-yielding, disease-
resistant hybrids and open-pollinated varieties by 
farmers [33]. These improved varieties have 
played a crucial role in increasing agricultural 
output and income for farmers across the 
country. The purity and integrity of seeds have 
been highlighted as essential factors supporting 
agricultural growth and the sustainable feeding of 
India's rapidly growing population [34]. 
 

• The Indian seed sector has witnessed 
substantial growth, driven by proactive 
policy support and the availability of quality 
seeds such as Bt cotton, vegetable 
hybrids, rice, and maize single cross 
hybrids [8]. This growth has empowered 
farmers to achieve better yields and 
economic returns. Moreover, the rise in 
seed replacement rates in regions like 
Tamil Nadu has been associated with 
improved agricultural outcomes, indicating 
the positive impact of adopting new seed 
varieties [35]. This shift towards higher 
seed replacement rates reflects a broader 

trend in Indian agriculture towards 
embracing improved seed technologies for 
enhanced productivity. India possesses a 
robust seed system that includes both 
public sector institutions and private seed 
companies, acting as a catalyst for 
agricultural expansion and success [3]. 
This comprehensive seed system has 
been instrumental in driving growth within 
the agricultural sector and enabling 
farmers to access a diverse range of high-
quality seeds tailored to their specific 
needs. Additionally, the successful 
adoption of new bread wheat varieties in 
Afghanistan highlights the importance of 
farmers correctly identifying and utilizing 
improved seed varieties to maximize 
agricultural productivity [36]. This 
emphasis on varietal selection 
underscores the critical role that advanced 
seeds play in transforming farming 
practices and outcomes. 

• The agricultural sector in India holds 
significant economic importance, 
contributing substantially to the country's 
Gross Domestic Product (GDP) and 
providing employment for a large portion of 
the population [37]. Efforts to enhance 
productivity and sustainability in rice 
cultivation have emphasized varietal 
development, soil and water management, 
and the adoption of resource conservation 
technologies as key intervention areas to 
address existing challenges [38]. By 
focusing on these critical aspects, farmers 
can optimize their agricultural practices 
and achieve better outcomes in terms of 
both yield and profitability. 

• The cultivation of grass pea (Lathyrus 
sativus L.) has gained popularity among 
resource-poor Indian farmers due to its rich 
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nutritional composition, minimal input 
requirements, and exceptional resilience to 
environmental stresses [39]. This shift 
towards cultivating grass pea exemplifies 
how farmers are strategically choosing 
crops that offer both nutritional benefits 
and economic viability. Furthermore, 
successful stories of implementing 
measures to limit water use during drought 
periods underscore the importance of 
adopting sustainable practices to mitigate 
environmental challenges [40]. Such 
initiatives demonstrate the adaptability and 
resilience of Indian farmers in to the face of 
varying climatic conditions. 

• Incorporating advanced seed technologies, 
such as certified seeds, has been shown to 
significantly impact rice production 
outcomes, with farmers using certified 
seeds achieving higher net incomes 
compared to those using traditional seeds 
[41]. This shift towards certified seeds 
reflects a broader trend towards embracing 
improved seed varieties to enhance 
agricultural productivity and profitability. 
Additionally, participatory approaches 
involving farmers in the evaluation and 
selection of wheat varieties have been 
instrumental in promoting the adoption of 
high-yielding varieties and improving 
community-based seed production 
systems [42]. By actively engaging farmers 
in the varietal selection process, 
agricultural stakeholders can ensure the 
widespread adoption of superior seed 
varieties. 

• The utilization of DNA fingerprinting 
techniques to map rice biodiversity across 
Bangladesh has provided valuable insights 
into regional varietal preferences and 
distribution patterns [43]. This knowledge 
is crucial for informing varietal replacement 
strategies and developing targeted 
agricultural policies that align with the 
specific needs of different agro-ecological 
regions. Moreover, the assessment of 
wheat seed demand assisted by 
genotyping in Ethiopia has demonstrated 
the potential of genotyping technologies to 
optimize resource allocation and 
accelerate varietal replacement rates 
within the seed sector [11]. By leveraging 
genotyping tools, agricultural stakeholders 
can make informed decisions that enhance 
the efficiency and effectiveness of seed 
production and distribution processes [44]. 

 

6. CONCLUSION 
 
It may be concluded that SRR and VRR are 
playing an important role to enhance the crop 
productivity of the country as well as World at 
present, while advancements in seed technology 
and varietal innovation also helped to 
transformed the Indian agriculture profoundly in 
recent years. By developing and adopting high-
yielding, disease-resistant, and climate-resilient 
varieties, India build the capacity to enhance 
crop productivity and ensure food security to the 
largest population in the world. Innovations such 
as genetically modified seeds and precision 
breeding are paving the way for more robust and 
adaptable crops, addressing challenges posed 
by climate change and resource limitations. The 
integration of advanced seed technologies 
promises increased resilience against pests and 
diseases, reduced dependency on chemical 
inputs, and improved overall agricultural 
sustainability. Looking ahead, continued 
investment in research and development, 
coupled with effective extension services, will be 
crucial for the widespread adoption of these 
innovations. As seed technology evolves, it is 
expected to drive significant improvements in 
crop performance and farm profitability, thus 
reshaping the future of Indian agriculture towards 
greater efficiency and sustainability. 
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