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ARTICLE INFO ABSTRACT
Keywords: Egyptian clover/Berseem (Trifolium alexandrinum L.) is the most popular winter leguminous
Berseem multi-cut fodder crop widely cultivated in the northwest and central parts of India. Quality seed
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significantly impacts farm productivity, farmers’ profitability, and socioeconomic welfare.
Foundation and certified seeds enable high-quality seed production, making breeder seed (BS) the
most important link in the seed supply chain. In India, berseem BS indent had increased from
1998 - 99 to 2012-13; afterwards, it followed a constant but decreasing trend. Of the 27 notified
cultivars, 24 came into the seed supply chain between 1998-1999 and 2021-2022, indicating
high varietal availability to stakeholders. The study examines the potential causes of the national
decline in BS indent and production and the differences in these figures over time. The highest BS
indent was received for the variety JB-1 (276.1 q), followed by BL-10 (205.1 q), Mescavi (165.6 q)
and Wardan (153.7 q) from 1998 - 99 to 2021-22. The varietal replacement rate (VRR) is high,
43.30 %, for the varieties that have reached the age of five or less in the recent three years
(2019-20 to 2021-22). Additionally, it has been calculated that if the seed chain operates at 100
% efficiency, the BS generated (48.1q) in 2021-22 can cover an area of almost 0.12 million
hectares in 2024-25. The study offers an in-depth overview of berseem BS indent and production,
an analysis of the difficulties encountered in BS production, and future directions for expanding
variety and producing excess BS in the nation.

1. Introduction

Berseem or Egyptian clover (Trifolium alexandrinum L.; 2n = 2x = 16) is an annual leguminous fodder crop cultivated in the tropical
and subtropical regions globally under Mediterranean climate having <1700 MSL altitude. The major berseem growing countries are
in the Middle East, Mediterranean, Asia Minor regions, and the Indian sub-continent [1,2]. In India, berseem was introduced from
Egypt in 1904 and became the most important Rabi crop in central and northwest India, and now extends to the foothills of the
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Himalayas and eastern India. In India, the winter season is known as Rabi, during which crops are planted in mid-October to November
and harvested in April to June. It occupies almost two million hectares in India and is mainly cultivated in Punjab, Haryana, Delhi,
Uttar Pradesh, and Madhya Pradesh states [3,4]. Among the cultivated leguminous fodder crops, livestock keepers and farmers prefer
berseem due to its high green fodder productivity (800-1200 q/ha), multi-cut nature (4-8 cuts) providing green fodder for a long
duration (November to May), better nutritional quality (20 % crude protein), high digestibility (up to 65 %) and palatability [5,6]. In
India, the berseem breeding program started long back and mainly focused on developing varieties with high biomass, better nutri-
tional quality and resistance to major diseases, i.e., root rot and stem rot [4,7]. Berseem is largely a self-incompatible crop, and a proper
seed set requires tripping [3,8,9].

Quality seed plays a vital role in attaining the potential production of crop varieties as the old scripture- “Manu Smriti,” says
‘Subeejam Sukshetre Jayate Sampadyate’, i.e., quality seed in productive fields yields abundantly. According to estimates, using high-
quality seed alone can boost crop yields by 15-20 % and, with appropriate management techniques, by up to 45 % [9-11]. India
faces an acute shortage of green and dry fodder, with 11.4 % in green fodder and 23.24 % in dry fodder [12], for many reasons,
including the non-availability of quality seeds. Berseem seed production is affected by several factors, such as a narrow genetic base,
asynchronous flowering, inherent heterozygosity, self-incompatibility, small floral parts, poor seed set and fertility barriers [4,13].
India imports approximately 100,000 q of berseem seed annually against the total requirement of 500,000 q, meeting 20 % of the
demand and resulting in a huge loss to the foreign exchequer [14]. Reliable data on the informal seed chain regarding the quantity of
indigenous seed production of berseem is lacking. However, a few surveys and informal queries among the farmers and traders indicate
that nearly 70 % of the seed supply is through an informal chain, largely from farmers to farmers and unlabeled seed sales in village
markets. Quality assessments of berseem seed traded through an informal seed system failed to meet the minimum seed quality
standards required for certification [15]. This highlighted the necessity of implementing targeted policy adjustments and strict quality
control measures by seed law enforcement to address the issue of high-quality seed availability in the nation.

Breeder seed (BS) has the highest genetic and physical purity and is the progeny of the nucleus seed. Project Coordinators (PCs) of
All India Coordinated Research Projects (AICRPs) in the various crops assist the concerned breeder or sponsored breeder of the Indian
Council of Agricultural Research (ICAR) institutes or State Agricultural Universities (SAUs)/agencies in producing it [16]. AICRP on
Forage Crop and Utilization (AICRP on FCU) plays a vital and monitoring role in the maintenance and production of the nucleus and
breeder seed of berseem, supplying the breeder seed to different stakeholders such as state government/s and national agencies,
ensuring meet the BS demand. As a result, it indirectly maintains the seed chain by producing the necessary quantity of certified seed
and foundation across the nation. The major indenters of berseem seed are the National Dairy Development Board (NDDB), National
Seed Association of India (NSAI), National Seeds Corporation (NSC), Krishi Vikas Sahakari Samiti Limited (KVSSL), and other private
seed companies, as well as the state governments that uplift BS and are directly involved in the foundation and certified seed
production.

The present study analyzes the BS indent and production trend of berseem varieties in India for the last 24 years (1998-99 to
2021-22), import data, monetary value, and roadmap for self-reliance in seed production. It also provides a holistic view of the factors
associated with a varietal mismatch in BS indent and production. In addition, the study also reveals the varietal replacement rate (VRR)
in berseem, determines how to produce certified and foundation seeds from the generated BS, and acreage coverage under the berseem
crop. Furthermore, it highlights the concurrent challenges affecting the varietal development in the country and discusses a roadmap
to reframe our breeding programs in berseem.

2. Materials and methods
2.1. Data mining

The AICRP on FCU annual reports provided information on the BS indent, allocation, and production of several berseem varieties
under the Indian seed supply chain [17-40]. The data were collected for 24 years, from 1998 - 99 to 2021-22, covering all the
country’s production centers.

2.2. Varietal replacement rate (VRR)

It indicates the replacement rate of older varieties with newly released ones. Farm productivity can be enhanced by quickly
disseminating new high-yielding varieties instead of old varieties [41]. VRR for the last three years (2019-20 to 2021-22), percent
share of old but popular varieties in BS indent, a trend of varieties (<5, 5-15 and > 15 years varietal age) in BS indent for the last five
years (2017-18 to 2021-22) were calculated to assess the significant impact of newly released varieties in BS demand. The following
formula is used to compute the VRR.

VRR= (A/B) x100

Where A is the computed years’ indent of the specified variety (q); B = Total indentation of all crop varieties (q) for the computed
years.
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2.3. Seed replacement rate (SRR)

It denotes the cropped area covered under quality seeds of improved varieties. High SRR means a robust seed industry and well-
established market channels [42]. SRR is calculated using the following formula

SRR =X /Y x 100

Here, X represents the amount of quality seed sown; Y indicates the amount of quality seed (TFL/certified) needed to cover the full
production area.

2.4. Seed multiplication ratio (SMR)

It’s the ratio of how many seeds are generated from one original seed. Higher SMR tends to reduce the cost of seed production with
more yield, thus ensuring cheaper seeds in sufficient quantity. The SMR was calculated for each treatment combination following the
equation suggested by Ref. [43].

P=X/Y
Where P is the seed multiplication ratio, X is pure seed yield, and Y is the seed rate. SMR of 1:25 was taken for the berseem crop [44].
2.5. Projected foundation and certified seeds production

The amount of certified and foundation seed generated was determined by converting all breeder seeds at a ratio of 1:25 SMR [44].

Quantity of foundation seeds (q): Quantity of breeder seeds (q) x 25.
Quantity of certified seeds (q): Quantity of foundation seeds (q) x 25.

2.6. Projected area coverage under quality seed

It was calculated based on the cultivable area, which can be sown using the total quantity of quality seeds available at a standard
seed rate of 25 kg/ha for fodder purpose cultivation [45].
Area coverage (ha) = Total quality seeds produced (kg)/Seed rate (kg/ha).

2.7. Data interpretation

The collected data were analyzed using Microsoft Excel (2021 version) and interpreted for different parameters to determine the
status of BS indent and production, their balance sheet and varieties under the seed chain since 1998-99. Parameters include BS indent
and production trend, the contribution of centers in BS allocation and production, and comparison with lucerne BS.
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Fig. 1. Berseem quality seed requirement (assuming a 30 % seed replacement rate) and different supply sources in India during 2022-23.
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3. Results
3.1. Berseem seed demand, supply chain and seed import status

Authenticated and scientifically proven data on berseem seed demand is unavailable in India. Quality berseem seed demand was
estimated to be about 200,000 q based on important criteria such as the expected area under cultivation, seed rate, average seed yield
and seed multiplication ratio (SMR) [14]. India needs about 500,000 q berseem seed per annum if a 100 % seed replacement ratio
(SRR) is followed. However, most farmers do not purchase seed yearly due to high market prices and lack of awareness about quality
seed. Their seed requirement is met either by their savings from the previous year’s produce or local markets of unbranded seeds. Being
a fodder crop cultivated mainly by poor and marginal farmers, we estimated 30 % SRR to be reliable. It puts the estimate of quality seed
requirement at nearly 150,000 q per annum. BS production mainly fulfills the seed requirement through government agricultural
institutes, imports and other sources. The BS supply chain has different stages, such as foundation and certified class, where seed
multiplication happens with assured seed quality standards. BS production is followed by the production of foundation and certified
seeds by national and state-level agencies and progressive farmers. Out of the total seed demand during 2022-23, 20,625 q were
fulfilled through the breeder seed supply chain that includes certified seed produced by the central and state government agencies,
dairy cooperatives, non-government organizations (NGOs) etc. (Fig. 1). In addition, 119,350 q seed was imported from Egypt and other
gulf countries during 2022-23 that had a value of 13.28 million US$ and shared 0.0019 % in total import of India [46]. Berseem seed
import from Mediterranean countries started during 2001-02 and is still the major source to meet the domestic demand (Fig. 2). Since
2008-09, India has imported more than 80,000 q berseem seed every year except in 2013-14 when seed import was 51,110 q. The
highest quantity was imported in 2012-13 (135,240 q) followed by 2017-18 (122,970 q) and 2022-23 (119,350 q). The remaining
seed, i.e., 10,025 q, was supplied by other agencies such as private companies, NGOs, and farmer producer organizations (FPOs) as
truthfully labelled (TFL) seed. Nearly 300,000 q seed demand was met by an informal seed system such as farm-saved seed, which was
exchanged between farmers and their relatives, compromising seed quality [15].

3.2. Varietal diversification, BS indent and production status

In India, berseem is cultivated as a major green fodder crop in winter, particularly in irrigated areas of Punjab, Haryana, Madhya
Pradesh, Chhattisgarh and Uttar Pradesh states. In berseem, DAC F&W (Department of Agriculture, Cooperation and Farmers Welfare),
Govt. of India, hereafter known as ‘DAC’ have indented 24 varieties to the AICRP on FCU for BS production since 1998-99 (Table 1).

In India, berseem genetic improvement program is being carried out at ICAR Institute (IGFRI-Jhansi) and several SAUs such as
Punjab Agricultural University (PAU-Ludhiana), Jawaharlal Nehru Krishi Viswavidyalaya (JNKVV-Jabalpur), Chaudhary Charan
Singh Haryana Agricultural University, (CCSHAU-Hisar), Govind Ballabh Pant University of Agriculture and Technology
(GBPUAT-Pantnagar) etc. Concerted efforts have led to the release of 27 varieties in the crop from 1998 to 2022. Pusa Giant and
Mescavi were the first varieties released in 1975 and later came into the seed chain. Besides, PAU-Ludhiana had contributed maximum
varieties (8) in the seed chain, followed by IGFRI-Jhansi (6), JNKVV-Jabalpur (5) and CCS HAU-Hisar (3). Most of the varieties were
developed through selection breeding methods with high green fodder yield and some specific traits in mind (Table 1). Few old but
popular varieties (JB-1, Mescavi, Wardan and BL-10) have covered pan India due to their high seed yield, better adaptability and high
green forage yield under different agro-climatic conditions, whereas others were released for particular regions.

In the last 24 years, BS production was surplus in only nine years as compared to the DAC indent, and in other years, BS production
could not meet the BS demand (Fig. 3). In the first 16 years (1998-99 to 2013-14), the average number of varieties were less than 10,
which increased to more than ten since 2014-15 (Fig. 3). Twenty-four years data were grouped into six blocks of four years each for
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Fig. 2. The significant trend in Berseem seed import (000 quintals) and its value (US$ million) in India since 2001-02 provides a comprehensive
and detailed view of the historical and current import scenario [47].
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Table 1

A detailed description of the berseem varieties indented during the last 24 years in India (1998-99 to 2021-22) [48].

Heliyon 10 (2024) e35735

S. Variety* Year of release/  Breeding method/source Parent GFY (q/ Area of adoption# Specific features

N. notification institute ha)@

1. Pusa 1975 Selection after diploidization IARI, New 500-600 Pan India Frost tolerant, tetraploid

Giant of C-10 cultivar (diploid) Delhi

2. Mescavi 1975 Selection from the introduced CCS HAU, 580-620 PB, HR, Delhi, UK, UP, Quick regeneration, wide
material from Egypt Hisar and MP adaptability

3. BL-1 1978 Selection from Mescavi PAU, 600-650 PB Early maturity
cultivar Ludhiana

4. JB-1 1982 Selection from local material JNKVV, 700-750 MP, CG, BR and UP High regeneration
collected from Chhindwara, Jabalpur potential
MP

5. Wardan 1982 Selection from accession No. IGFRI, 600-650 Pan India Wider adaptability,
526 Jhansi tolerance to bacterial wilt

6. BL-10 1985 Selection from Indigenous PAU, 800-900 PB, HR, Delhi, HP and Late maturity, resistance
material Ludhiana Jammu to stem rot disease

7. BL-22 1988 Selection from an irradiated PAU, 480-520 PB, HR, HP, and Jammu Late maturity
population of Mescavi Ludhiana
cultivar

8. BL-2 1989 Selection from Indigenous PAU, 500-550 PB, HR, Delhi, HP, UKand =~ Medium maturity
material Ludhiana Western UP

9. UPB 110 1993 Composite selection from GBPUAT, 500-600 North-west, central and Late maturity
seven berseem lines Pantnagar south India

10. BB-2 1997 Selection from the Indigenous IGFRI, 700-750 PB, HR, UK, part of UP, Superior digestibility,
material (25776-4-P6) Jhansi MP and MH resistance to root rot and

stem rot

11. BB-3 2001 Modified mass selection on IGFRI, 500-550 Eastern UP, BR, JH, WB, Tetraploid, poor in seed
tetraploid Indigenous line Jhansi Orissa and Assam setting
JHB-89-3

12. JB-2% - Selection from the irradiated JNKVV, 500-600 MP Multi-cut
population Jabalpur

13. JB-3% - Selection from the irradiated JNKVV, 500-600 MP Multi-cut
population Jabalpur

14. JB-5 2005 Recurrent selection from the JNKVV, 550-580 MP, parts of UP, MH, GJ Late maturity, resistance
colchicine-treated material Jabalpur and CG to stem rot

15. BL-180 2006 Selection from the irradiated PAU, 500-550 PB, HR, RJ, UK, HP and Photo insensitive, late
population of BL-10 cultivar Ludhiana Jammu maturity

16. HB-1 2006 Selection from germplasm CCS HAU, 600-650 PB, HR, and plain hilly Resistance to stem rot and
no.6 (307011, 11-OP) Hisar areas of HP and Jammu root rot

17. BL-42 2007 Selection from the irradiated PAU, 600-700 PB, HR and HP Resistance to stem rot
population of BL-2 cultivar Ludhiana

18. HB-2 2014 Selection from the irradiated CCS HAU, 650-700 HR Late maturity
population of Mescavi Hisar
cultivar

19. JBSC-1 2018 Selection from the material IGFRI, 150-200 MH, RJ, PB, HR, UP and Single cut, suitable for
(EC 318954) introduced from Jhansi MP short-duration conditions
Germany

20. BL- 43 2019 Selection from the poly cross PAU, 550-580 PB Semi-erect plant-type
of five varieties Ludhiana

21. JB-05-09 2019 Selection from the irradiated JNKVV, 650-680 PB, HR and UK Medium duration,
population of JB-1 cultivar Jabalpur tolerance to lodging

22. BL-44 2021 Selection from a poly cross of ~ PAU, 750-800 Tarai part of UK, PB, HR, Resistance to stem rot,
nine varieties Ludhiana RJ, WB, JH, BH, Eastern late maturity

UP, and Orissa

23. BB-5 2021 Phenotypic recurrent IGFRI, 800-850 Tarai part of UK, PB, HR, Late maturity, resistance

selection Jhansi RJ, WB, JH, BH, Eastern to H. armigera, fast
UP, and Orissa regrowth

24. BB-6 2021 Phenotypic recurrent IGFRI, 750-800 Tarai part of UK, PB, HR, Late maturity, resistance

selection Jhansi RJ, WB, JH, BH, Eastern to H. armigera, fast

UP, and Orissa

regrowth

*JB: Jawahar Berseem, BL: Berseem Ludhiana, BB: Bundel Berseem, HB: Hisar Berseem; Wardan is also known as S-99-1, BB-2 as JHB-146, BB-3 as
JHTB-96-4, HB-1 as HFB-600, BL-43 as PC-75, BL-44 as PC-91, BB-5 as JHB-17-2, BB-6 as JHB-17-1; GFY®: Average green fodder yield (q/ha). #PpB:
Punjab, RJ: Rajasthan, HR: Haryana, UK: Uttarakhand, BR: Bihar, CG: Chhattisgarh, MP: Madhya Pradesh, GJ: Gujarat, UP: Uttar Pradesh, JH:
Jharkhand, WB: West Bengal, HP: Himachal Pradesh. ®Varietal notification year of JB-2 and JB-3 is unknown.

better understanding and comparison, and the first block (1998-99 to 2001-02) was considered as the base year block to ascertain the
percent change in subsequent blocks in BS indent and production (Table 2). The study revealed that BS indent decreased staggered in
successive blocks. Indent reduced by 15.50 % in the second block (2002-03 to 2005-06), 30.76 % in the fifth (2014-15 to 2017-18)
and 26.59 % in the sixth (2018-19 to 2021-22) block. However, indent was increased by 5.47 % and 13.35 % in the third (2006-07 to
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Fig. 3. The pivotal role of berseem BS indent, production, and number of varieties over the last 24 years (1998-99 to 2021-22) in the seed chain in
India is crucial and cannot be overstated for understanding the dynamics of seed production.

Table 2

Percent change of berseem BS indent and production at four-year intervals in India during the last 24 years (1998-99 to 2021-22).
Years” Indent Production Overall

Quantity (q) % change Quantity (q) % change Surplus/Deficit (q) Surplus/Deficit (%)

1998-99 to 2001-02 (First block) 252.40 - 175.60 - —76.80 —30.43 %
2002-03 to 2005-06 (Second block) 213.28 —15.50 199.06 +13.36 —14.22 —06.67 %
2006-07 to 2009-10 (Third block) 266.20 +05.47 281.75 +60.45 +15.55 +05.84 %
2010-11 to 2013-14 (Fourth block) 286.10 +13.35 248.69 +41.62 —37.41 —13.08 %
2014-15 to 2017-18 (Fifth block) 174.75 -30.76 196.54 +11.92 +21.79 +12.47 %
2018-19 to 2021-22 (Sixth block) 185.29 —26.59 150.33 —14.39 —34.96 —18.87 %
Total 1378.02 1251.97 —126.05 —-9.15%

@ first four years (1998-99 to 2001-02) were considered the base year block, and percent change was calculated over the base year block.

2009-10) and fourth (2010-11 to 2013-14) blocks, respectively, over the base (252.40q) block (Table 2). The BS production is directly
associated with the BS indent allocated to different production centers in the country. BS production was increased over the base block
(175.60q) except in the sixth block, when production was reduced by 14.39 %. Nonetheless, BS production in the different blocks could
not meet the BS indent during the last 24 years except in the third (5.84 % surplus) and fifth (12.47 % surplus) blocks.

3.3. Varietal BS indent and production status

BS production of high-yielding varieties greatly impacts crop productivity, socio-economic footprint and livelihood of end users
such as farmers and livestock keepers. Each berseem variety’s BS indent and production in the seed supply chain were categorized into
the same six blocks (Table 3). The percent share of JB-1 (37.2 %) was the highest, followed by Mescavi (14.5 %) and BL-22 (13.5 %) for
BS indent during the first block. Likewise, BS indents of varieties JB-1 and Mescavi were highest during the second and third blocks.
However, a significant change was observed during the fourth block, where BL-10 (21 %), followed by Wardan (17.4 %) and BL-42
(14.8 %), shared the maximum stake in the total BS indent (Table 3). In addition, BS indent for BL-10 (60.18 q) was highest, fol-
lowed by BL-42 (38.97 q) in the fifth block, whereas variety Wardan (34.3 q) followed by BL-43 (22.19 q) had the maximum share in BS
indent during the sixth block. Amongst the indented berseem varieties, BS production was in surplus against the indent for 12 varieties
only. During 1998-99 to 2021-22, the highest BS indent was received for JB-1 (276.05 q), followed by BL-10 (205.08 q), Mescavi
(165.55 q) and Wardan (153.7 q). Likely, BS production was found to be highest for JB-1 (361.18 q), followed by BL-10 (187.25 q),
Wardan (147.25 q), and Mescavi (115.72 q) (Table 3). Amongst the ruling varieties, the BS indent of variety JB-1 gradually decreased
from 93.9 q (first block) to 1.0 q (sixth block), whereas varieties like Mescavi and BL-1 were inconsistent but decreased over the years
(Fig. 4A). However, variety BL-10 BS indent gradually increased up to the fifth block but drastically reduced in the sixth block.
Likewise, Wardan BS indent has risen steadily, from 16.3 q during the first block to 34.0 q during the sixth block. Likely, the share of
JB-1 in BS indent has reduced significantly inconstant to Wardan and BL-10 over time (Fig. 4B).

3.4. Center-wise BS allocation and production status

In India, as per the procedure, different agencies give indents for BS after notification of respective varieties. BS indents are
allocated preferentially to the institutions that have developed the particular variety. Suppose the institution cannot produce the



Table 3

Varietal BS indent and production of berseem varieties and their contribution every four years interval during the last 24 years (1998-99 to 2021-22) in India [48].

1998-99 to 2001-02 (First)  2002-03 to 2005-06 2006-07 to 2009-10 2010-11 to 2013-14 2014-15 to 2017-18 2018-19 to 2021-22 (Sixth) Overall
(Second) (Third) (Fourth) (Fifth)
I P Net* I P Net* I P Net* I P Net* I P Net* I P Net* I P Net*
Mescavi 36.5 15.5 —21.00 35.2 19.92 —15.28 51.3 38.2 —13.10 28.7 30 +1.30 6.55 6.6 +0.05 7.3 5.5 -1.80 165.55 115.72 —49.83
(14.5) (8.8 (16.5) (10) (19.3) (13.6) (10) (12.1) 3.7) B4 3.9) 3.7) 12) 9.2)
Pusa 0.5 -0.50 0.1 -0.10 0.6 (0) 0 (0) —0.60
Giant (0.2) (0.1)
BL-1 31.5 6.25 —25.25 26.13  26.2 +0.07 1265 17.2 +4.55 2335 25.8 +2.45 16.3 17.3 +1.00 6(3.2) -6.00 11593  92.75 —23.18
(12.5) (3.6) (12.3) (13.2) (4.8) (6.1) (8.2) (10.49) 9.3) (8.8) (8.4) (7.4)
JB-1 93.85 108.45  +14.60 64.75  73.5 +8.75 78.8 1146  +35.80 33.9 55.65  +21.75 3.75 7.98 +4.23 1(0.5) 1(0.7) 276.05  361.18 +85.13
(37.2) (61.8) (30.4) (36.9) (29.6)  (40.7) (11.8) (22.4) 21 4.1) (20) (28.8)
Wardan 16.25 18(10.3) +1.75 17.65 2485 +7.20 1855 18.9 +0.35 49.85 2831 —21.54 17.1 18.94 +1.84 34.3 38.25 +3.95 153.7 147.25 —6.45
6.4) (8.3) (12.5) @ 6.7) 17.4) (@114 (9.8) (9.6) (18.5) (25.4) (11.2) (11.8)
BL-10 28.15 12.9 —15.25 20.7 23.45 4275 235 26.1 2.60 60.15  48.3 —11.85 60.18 63.5 +3.32 124 13(8.6) +0.60 205.08 187.25 —17.83
11.2) (7.3) 9.7) (11.8) (8.8) 9.3) 21 (19.9) (34.4) (32.3) 6.7) (14.9) (15)
BL-22 34.15 4.5(2.6) -29.65 13.15 7.59 -5.56 1(0.4) 2(0.7) 1.00 4.1 1.03 -3.07 52.4 15.12 -37.28
(13.5) (6.2) (3.8) 1.4 0.9 (3.8) 1.2)
BL-2 4149 —4.00 4(0.3) 0 (0) —4.00
UPB 110 0.1 -0.10 10.8 0.02(0) -10.78 10.9 0.02 (0) -10.88
(0.1) (5.8) (0.8)
BB-2 12(4.8) 10(5.7) -2.00 17.7 16(8) -1.70 25.9 29.9 +4.00 2.1 5.5 +3.40 1.85 7.62 +5.77 15.2 12.45 -2.75 7475 81.47 +6.72
(8.3) 09.7) (10.6) 0.7) (2.2) 1.1 (3.9) (8.2) (8.3) (5.4) (6.5)
BB-3 13.9 0.6 -13.30 45 22(7.8) —-23.00 37.25 27.2 -10.05 17(9.7) 7.8(4) -9.20 10(5.4) 11.5 +1.50 123.15 69.1 —54.05
(6.5) (0.3) (16.9) (13) (10.9) (7.6) (8.9) (5.5)
JB-2 0.6 0.65 +0.05 0.6 (0) 0.65 +0.05
(0.3) (0.3) 0.1)
JB-3 0.2 0.3 +0.10 0.2 (0) 0.3 (0) +0.10
(0.1) (0.2)
JB-5 2.5 4.72 +2.22 1.1 0.61 -0.49 3.6(0.3) 5.33 +1.73
1.4 2.4 (0.6) 0.9 0.9
BL-180 2.1 3(1.1) +40.90 0.5 -0.50 6.7 794 +1.20 1.4 1.8 +0.40 10.7 12.7 (1) +2.00
(0.8) 0.2) (3.8) (0.8) (1.2) 0.8)
HB-1 1.25 3(1.5) +1.75 1.25 3(0.2) +1.75
0.7) (0.1)
BL-42 2.8 6 (3) +3.20 7.4 9.85 +2.45 422 26.9 —15.30 38.97 41.9 +2.93 21.82 16.5 -5.32 11319  101.15 —12.04
(1.3) (2.8) (3.5) (14.8) (10.8) (22.3) (21.3) (11.8) (11) (8.2) (8.1)
HB-2 2.4 9.28 +6.88 1.4 1.6 +0.20 3.8(0.3) 10.88 +7.08
1.4 4.7) (0.8) 1.1 (0.9)
JBSC-1 9.54 11.9 +2.36  9.54 11.9(1) +2.36
(5.1) (7.9) (0.7)
BL- 43 22.19  23.05 +0.86 22.19 23.05 +0.86
(12) (15.3) (1.6) (1.8)
JB-05-09 20.44 255 -17.89 20.44 2.55 -17.89
an 1.7 (1.5) 0.2)
BL-44 10.4 10.4 10.4 10.4
(5.6) 6.9) (0.8) (0.8)
BB-5 0.1 +0.10 0(0) 0.1 (0) +0.10
0.1
BB-6 0.1 +0.10 0(0) 0.1 (0) +0.10
0.1)

I: BS Indent (q), P: BS Production (q); *(+) indicates surplus or deficit BS production (q) compared to allocation (q); values in parentheses represent the percent contribution of each variety to the total BS
indent and production; blank cell represents no BS indent or production during a particular phase.
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Fig. 4. The BS indent of the foremost five berseem varieties (A) and their percent contribution (B) to the total BS indent over the years in the last 24
years (1998-99 to 2021-22) in India.

indented quantity. In that case, the production target is given to another institution and the nucleus seed is supplied by the institution
that has developed the variety (Table 4). The BS indent of 24 varieties was allocated to ten different centers, including government
institutions, SAUs, and NGOs. The highest quantity of berseem BS was allocated to PAU-Ludhiana (530.64 q), followed by
IGFRI-Jhansi (354.29 q), JNKVV-Jabalpur (307.14 q) and CCS HAU-Hisar (165.60 q) during 1998-99 to 2021-22. BS production was
surplus over the allocation by 21.12 % in JNKVV-Jabalpur center only (Fig. 5). Besides, the percent share of PAU-Ludhiana (35.30 %)
in BS production was highest followed by JNKVV-Jabalpur (29.71 %), IGFRI-Jhansi (24.13 %), and CCS HAU-Hisar (10.35 %). Three
old but popular varieties had more than two production centers; for example, Wardan had five, BL-22 had three, and Mescavi had two
centers. However, other varieties were allocated to the single-parent institute. The BS production of the JB-1 variety (85.13 q surplus),
produced by JNKVV-Jabalpur, was highest, followed by BB-2 (6.72 q surplus) allocated to IGFRI-Jhansi, whereas the maximum gap
between BS indent and production was recorded for BB-3 (—54.05 q) allocated to IGFRI-Jhansi followed by Mescavi (—49.83 q)
allotted to CCS HAU-Hisar and ANDUAT-Ayodhya (Table 4). Overall, BS production (1251.97 q) in berseem was 126.05 q deficit
against the indent (1378.02 q) from 1998 to 99 to 2021-22.

3.5. Varietal replacement rate and varietal age

In the face of unprecedented climate change, the varietal replacement rate, or VRR, is essential for boosting agricultural output and
tolerance to biotic and abiotic pressures. In the study, 143.38 q BS indent was recorded during the last three years (2019-20 to
2021-22) in 12 notified berseem varieties and the contribution of <5 years varietal age was found to be 43.30 %. Likewise, varieties
having <15 and >15 years of varietal age contributed 53.65 % and 46.35 % in the total BS indent, respectively (Table 5). Since
2017-18, the percent share of newly developed varieties (less than five years)has increased significantly; for example, the contribution
of new varieties has increased from 1.15 % (2018-19) to 51.93 % (2021-22). Conversely, the contribution of old varieties (>15 years)
has decreased gradually from 75.52 % (2018-19) to 45.99 % (2021-22) in the last five years (Fig. 6).

3.6. Prediction of certified seed and estimated acreage

Indian seed supply chain follows a three-tier seed production system, BS to foundation seed to certified seed. This study reported
total BS production of 48.08 q in 12 different notified berseem varieties in 2021-22 (Fig. 3). Seed multiplication ratio (SMR) is an
important parameter to predict foundation and certified seed. The SMR of berseem varieties is reported to be 25 [44]. Thus, the total
foundation seed production would be 1201.25 q in 2022-23 if the seed supply chain operates at 100 % efficiency and other operations
are carried out prudently (Table 6). Similarly, certified seed production would be 30,031.25 q in 2023-24 and can cover 0.12 Mha area
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Table 4
BS allocation (q) and production (q) of berseem varieties at the institute level and net balance in the last 24 years (1998-99 to 2021-22).
Variety Allocated center” Allocation (q) Production (q) Surplus/Deficit (q) Surplus/Deficit (%)
Wardan IGFRI, Jhansi 146.85 139.39 —7.46 —5.08
JNKVV, Jabalpur 4.00 1.50 -2.50 —62.50
MPKYV, Rahuri 1.85 3.26 +1.41 +76.22
BAIF, Urulikanchan 1.00 0.50 —0.50 —50.00
ANDUAT, Ayodhya 0.00 2.60 +2.60 0.00
Mescavi CCSHAU, Hisar 160.55 115.72 —44.83 —27.92
ANDUAT, Ayodhya 5.00 0.00 —5.00 —100.00
BL-22 PAU, Ludhiana 49.15 14.62 —34.53 —70.25
JNKVV, Jabalpur 2.25 0.50 -1.75 —77.78
SKUAST, Rajouri 1.00 0.00 —1.00 —100.00
BB-2 IGFRI, Jhansi 74.75 81.47 +6.72 +8.99
BB-3 IGFR, Jhansi 123.15 69.10 —54.05 —43.89
BB-5 IGFRI, Jhansi 0.00 0.10 0.10 0.00
BB-6 IGFRI, Jhansi 0.00 0.10 0.10 0.00
BL-43 PAU, Ludhiana 22.19 23.05 +0.86 +3.88
BL-1 PAU, Ludhiana 115.93 92.75 —23.18 —19.99
BL-10 PAU, Ludhiana 205.08 187.25 —17.83 —8.69
BL-180 PAU, Ludhiana 10.70 12.70 +2.00 +18.69
BL-2 PAU, Ludhiana 4.00 0.00 —4.00 —100.00
BL-42 PAU, Ludhiana 113.19 101.15 —12.04 —10.64
BL-44 PAU, Ludhiana 10.40 10.40 0.00 0.00
HB-1 CCSHAU, Hisar 1.25 3.00 +1.75 +140.00
HB-2 CCSHAU, Hisar 3.80 10.88 +7.08 +186.32
JB-05-09 JNKVV, Jabalpur 20.44 2.55 —17.89 —87.52
JB-1 JNKVV, Jabalpur 276.05 361.18 +85.13 +30.84
JB-2 JNKVV, Jabalpur 0.60 0.65 +0.05 +8.33
JB-3 JNKVV, Jabalpur 0.20 0.30 +0.10 +50.00
JB-5 JNKVV, Jabalpur 3.60 5.33 +1.73 +48.06
JBSC-1 IGFRI, Jhansi 9.54 11.90 +2.36 +24.74
Pusa Giant IARI, New Delhi 0.60 0.00 —0.60 —100.00
UPB 110 GBPUAT, Pantnagar 10.90 0.02 —10.88 —99.82
Total 1378.02 1251.97 —126.05 —9.15

@ IGFRI: Indian Grassland and Fodder Research Institute, Jhansi; JNKVV: Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur; MPKV: Mahatma
Phule Krishi Vidyapeeth, Rahuri; BAIF: Bharatiya Agro Industries Foundation, Urulikanchan; ANDUAT: Acharya Narendra Dev University of Agri-
culture and Technology, Ayodhya: CCS HAU: Chaudhary Charan Singh Haryana Agricultural University, Hisar; PAU: Punjab Agricultural University,
Ludhiana; SKUAST: Sher-e-Kashmir University of Agricultural Sciences and Technology, Srinagar; IARI: Indian Agricultural Research Institute, New
Delhi; GBPUAT: G.B. Pant University of Agriculture and Technology, Pantnagar.
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Fig. 5. Representation of total BS production against the allocation at the major centers and their percent contribution to the berseem BS production
during 1998-99 to 2021-22 in India.



S. Chand et al. Heliyon 10 (2024) e35735

Table 5
Varietal replacement rate (VRR) in berseem during the last three years (2019-20 to 2021-22).
Number of total No. of varietiesin ~ Total BS Varieties <5 years old Varieties <15 years old Varieties >15 years old
notified varieties the seed chain indent ( i - -
@ No.  Indent % share in No.  Indent % share in No.  Indent % share in
(@ total indent ()] total indent Q@ total indent
24 12 143.38 4 62.09 43.30 5 76.93 53.65 7 66.45 46.35
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6819  ___om=="" \ R?=0.8803.-"""
7000  goe===" N
el
5 60.00
£ 51.93 .
o a0
50.00
2 o>< 4599
£
o 40.00 31.81
o y =-5.9444x +73.374,
© 30.00 23.34 R?=0.2423
o
£ 20.00
[
a e
10.00 T
0.00 L1157 2.07
0.00 ettt .
2017-18 2018-19 2019-20 2020-21 2021-22
-10.00
= «@— - <5 years varietal age 5-15 years varietal age ==@®=<>15 years varietal age «c«ccee- Linear (<5 years varietal age) Linear (>15 years varietal age)

Fig. 6. Percent contribution of berseem varieties (<5 years, 5-15 years and >15 years varietal age) to the total BS indent during the last five years
(2017-18 to 2021-22).

across the country for berseem cultivation.

4. Discussion
4.1. BS demand and impact

Forage crops require adequate quality seed production and an efficient seed supply chain to meet the burgeoning livestock pop-
ulation’s fodder, feed and nutritional demand, particularly in developing countries [49]. In India, berseem is cultivated as a major
fodder crop in the winter season and covers nearly 2M ha under different agro-climatic conditions [44]. It has been estimated that 500,
000 q certified seed is required to cover the projected area under the berseem crop if it follows a 100 % seed replacement rate (SRR).
SSR can be increased by improving the seed multiplication rate (SMR), subsidizing the cost of seed, involving public-private part-
nerships in seed multiplication and distribution, improving the complementary infrastructure (Plant protection and fertilizer sources,
irrigation facilities, market accessibility), decentralized seed production system, on-farm forage technology demonstrations (FTDs),
etc. Estimated certified seed could be met by producing 20,000 q foundation seed and 800 q BS annually, assuming a 100 % effective
seed chain at all stages with 25 SMR [44]. In the last ten years (2011-12 to 2020-21), on an average, 101,062 q (monetary value of
approximately 14$ million dollars per year) seed was imported and 31,094.4 q was produced by the formal seed system and estimated
to cover 0.54 Mha area under berseem in the country. In addition, BS (48.05 q) produced during 2021-22 could produce only 30,
031.25 q certified seed in 2023-24 and would contribute only 6.0 % and 20.02 % to the total seed requirement (100 % SRR) and actual
seed requirement (30 % SRR), respectively. Besides, ‘informal and unorganized’ (farmer to farmer) and ‘organized but informal’ (local
small-scale seed-producing companies) seed supply systems play key roles and meet almost 70 % of domestic seed demand in the
country. For example, it has also been reported that 1,00,000 q of seed is being sold annually in the ‘Mandis’ of Dabra, Gwalior, Morena
and Sabalgarh regions of Madhya Pradesh state (personal communication). These systems produce seeds of unknown or mixed varieties
with unassured quality control. It highlights the fact that there is a need to increase BS production up to 250 q per annum to curb the
seed import without compromising domestic seed demand.

4.2. Varietal diversification and varietal replacement rate

The timely availability of quality seed plays a vital role in the overall production and meeting the ever-increasing fodder demand. In
forage crops, varieties have been bred mainly for high vegetative growth, which often reduces the seed yield [50]. Crop and varietal
diversifications may improve farm productivity, profitability and food security and increase resilience against climate change [51,52].
Varietal diversification is a practical approach for farmers to minimize farm losses and is also considered a prominent tool to stabilize
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Table 6
Prediction of foundation and certified seed production in berseem from the available breeder seed in India.
Crop Seed rate (kg/ha) for SMR  Approx. area” Seed requirement (q) Seed production (q) Estimated area covered (Mha)
(Mha) (2024-25)
Fodder Seed BS FS Cs BS FS CS
production production (2021-22) (2022-23) (2023-24) (2021-22) (2022-23) (2023-24)
Berseem 25 20 25 2.0 800 20000 500000 48.05 1201.25 30031.25 0.12

“according to Chauhan et al., 2017; SMR: Seed multiplication ratio; BS: Breeder seed; FS: Foundation seed; CS: Certified seed.
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crop revenue and farm income [53,54]. Of 27 released berseem varieties, 24 are in the seed supply chain until 2021-22. Thus, almost
90 % of the notified varieties are in a seed supply system that provides farmers or seed production companies with baskets of options to
grow the best variety per their resource availability, agro-climatic conditions and demand. Berseem varieties were developed mainly
for green and dry forage and crude protein content for different agro-climatic conditions of India; however, they have specific features
such as tolerance to abiotic (e.g., frost, cold, salinity etc.) and biotic (e.g., stem rot, root rot, fall armyworm etc.) stresses, quick
regeneration and wide adaptability, multi-cut and late maturity for prolonged fodder source etc.

Varietal age is an important indicator in determining the technology transfer by the extension workers, adoption efficiency by the
farmers and varietal acreage at the farmer’s field. Farm productivity and profitability are negatively associated with varietal age as old
varieties (>10-15 years in seed chain) are prone to climate change and vulnerable to disease and insect pest outbreaks [55]. In this
study, VRR for <5 years varietal age was significantly high (43.30 %) from 2019 to 20 to 2021-22, indicating the effective diffusion
and proper technology transfer of the recently released varieties into the farmers’ field. Likely, the percent share of <5 years old
varieties has increased significantly during the last five years (2017-18 to 2021-22); therefore, farmers are taking advantage of
high-yielding varieties. The VRR for fodder lucerne was moderate, or 23.67 %, for the cultivars less than 5 years old from 2019 to 20 to
2021-22 [50]. In other crops, the highest VRR for varieties having <5 years of age was reported for wheat (45.3 %), followed by
soybean (41.5 %), chickpea (28.4 %), mung bean (16.9 %), and rice (14.8 %) during 2017-18 to 2019-20 under public sector [55].
Several factors affect the VRR at institutional, technical, environmental and socio-economic levels and play critical roles in adopting
new varieties in farmer’s fields. Low private investment in high volume-less value crops [56], the gap between varietal notification and
its induction in the seed chain [57], non-availability of quality seeds of newly released varieties [58], low per capita income of the
farmers [59] and slightest varietal knowledge, input accessibility [60], small land holding [61], subsistence farming [62], etc. affect
the VRR in crops.

4.3. BS demand and production discrepancy

Breeder seed has the highest level of genetic and physical purity, and its production decides the availability of quality seed to the
farmers through various stages (Breeder, foundation and certified seed) in the seed supply chain [63]. In India, public sector in-
stitutions and agencies are solely responsible for producing BS and providing it to the indenters for seed multiplication [64,65]. For
instance, ICAR, with the help of its organizations viz., AICRPs, research institutes, SAUs, etc., produces BS in all crops for the county.

In berseem, BS indent was found inconsistent over the years since 1998-99; the average BS indent for the first 15 years (1998-99 to
2012-13) was around 65 g, but indent significantly decreased (<40 q average) for the next eight years (2013-14 to 2020-21).
Remarkably, BS indent reached 80.99 q during 2021-22. In contrast, increasing trends of BS over the years were recorded in food crops
such as rice [65], wheat [66], barley [64], and pulses [67]. Few probable but imperative causes might be associated with reduced BS
demand in the country. Firstly, the cultivated berseem area is shifted into fodder crops such as lucerne. Both berseem and lucerne
forage crops are leguminous and have nutritional superiority over the other leguminous and grass species cultivated in the regions
during winter. Berseem is a winter hardy, short-duration, and higher-water requirement crop than lucerne, and it is predominantly
grown in the North-Western Indian states. Mostly, it is scientifically proven that increased BS demand in one crop affects the demand
and area in other crops. However, BS indent of lucerne during the last 20 years (2002-03 to 2021-22) indicated that the area under
lucerne crop has also declined significantly (Fig. 7). Additionally, the cultivable agro-ecological areas for the two crops differ; for
example, berseem is mostly grown in the northwest states, viz., Punjab, Haryana, Uttar Pradesh, and portions of Rajasthan and Madhya
Pradesh. Conversely, lucerne is mainly cultivated in the central and southern states such as Maharashtra, Gujarat, Tamil Nadu, and
Karnataka [67]. Secondly, the disparity between BS indent and production also affects the demand for BS in subsequent years. BS
production could not meet the indent for the first decade (1998-99 to 2007-08), but production was higher than indent in the next
decade (2008-09 to 2017-18), whereas a contrary trend was found for the next four years (2018-19 to 2021-22). Less BS production
than indent could affect the indenter to search for other crops or options to import to meet their customer/client demand in the long
term, leading to reduced BS demand in the future. For example, the production centers could not fulfill BS demand for varieties BL-1
and BL-2; therefore, their seed demand was shifted to other varieties available in the seed chain. The BS production of JB-1 was always
higher than its indent; hence, the variety was most popular among all other varieties. JB-1 and Wardan varieties were released in the
same year (1982), but JB-1 ruled over other varieties for 12 years (1998-99 to 2009-10) due to its high regeneration potential and
broader adaptability. However, later BL-10 was the leading variety both in BS indent and production, followed by Wardan, BL-42,
BB-3, JB-1 (fourth block) and BL-2, Wardan, BB-3 and BL-1 (fifth block) (Table 4). BL-10 received a higher indent due to its higher
fodder yield ability (800-900q/ha) than other contemporary varieties. In the last four years (2018-19 to 2021-22) period, the Wardan
variety got wider popularity among farmers and received the highest indent and production of BS, followed by BL-43, BL-42, JB-05-09
and BB-2 (Fig. 4). The growing demand for Wardan variety was due to its wider adaptability across the different agro-climatic zones
and tolerance to bacterial wilt disease. Of 19 varieties released before 2020, BS production was higher than BS indent cumulative
during the last 24 years in only eight varieties (Table 4).

Thirdly, private seed businesses have made substantial efforts to produce and directly sell seeds to farmers. This involves a
comprehensive process from seed selection to sales, demonstrating their commitment to the industry. Over 500 private companies are
actively engaged in seed production, accounting for over 80 % of seed sales in India. Their primary focus is on high-value and low-
volume crops [45,68,69]. They have an advantage over government initiatives for transferring their innovations to farmers’ fields
because of their extensive extension programs, effective marketing techniques, and active farmer participation. Private enterprises
engage in large-scale seed production through contracts with farmers. These farmers receive high-quality seeds and additional inputs
from the seed firms, underscoring their active role in the industry [45]. These businesses pay fair prices for the farm produce, which
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Fig. 7. Comparison of BS indent for lucerne and berseem crops in India during the last 20 years. The Plot series on the secondary axis represents the
percent change in BS indent over the base year (2002-03).

they then process or grade and sell at competitive prices to the markets. Fourthly, The unauthorized seed industry, especially farmers
who cultivate seed on their properties, shares it with family members and sells it to neighboring farmers [70].

4.4. Breeding constraints and future perspective

As an introduced crop in India, a narrow genetic base is a major handicap in the genetic improvement program. The primary
breeding targets besides biomass and nutritive quality were resistance to root rot, stem rot, blight, tolerance to moisture and salinity
stress [71]. Breeding target traits remained unchanged over decades, and comparatively small genetic gains have been observed in
breeding methods compared to other crops, mainly cereals. Despite being a popular fodder crop in central and northern India, the
genetic improvement program was limited to only a few research institutions such as IGFRI-Jhansi, GBPUAT-Pantnagar,
PAU-Ludhiana, CCS HAU-Hisar, JNKVV-Jabalpur etc. Low level of genetic gain is due to several factors like a narrow genetic base of
the primary gene pool, limited availability of genomic resources, self-incompatibility, heterozygous nature and small flower size
[72-76]. Being a fodder crop, the most crucial target trait in berseem is increased biomass. Direct selection for increased seed yield was
not found effective [77]; therefore, indirect selection of ancillary traits such as heads/plant, seeds/head, and seed weight could be
rewarding for seed yield improvement. Simultaneous selection for biomass yield and seed yield was very effective as they have a weak
positive association [78-80]. However, the number of branches/plant positively correlates with seed and biomass yields. Increased
biomass is associated with plant height, number of branches, stem thickness, leaf size, number of leaves, re-growth capacity etc.
[81-83]. Therefore, indirect selection plays a significant role in enhancing forage biomass and seed yield. Sacrificing one cut also
improves seed production. However, farmers prefer buying fresh seeds from the market to increase green fodder.

Besides, the transfer of desirable traits from related species was unsuccessful due to the post-zygotic fertilization barrier. Concerted
efforts using embryo rescue techniques led to several successful interspecific hybrids, which enriched the variability [84]. A few
successful interspecific hybrids were developed by crossing between T. alexandrinum x T. apertum [85,86], T. alexandrinum x T.
resupinatum [87], T. alexandrinum x T. constantinopolitanum [88]. Another line of efforts in developing tetraploids using colchicine led
to another variety, Bundel berseem-3, in 2001 [89]. The genetic similarity and potential donors were identified in a systematic study of
134 accessions belonging to 25 species [90]. In addition, mutation breeding has been used extensively to develop varieties in
PAU-Ludhiana and JNKVV-Jabalpur. A single-cut variety, JBSC-1, was developed at IGFRI-Jhansi using a different ecotype of
berseem and released in 2017 [89].

The future breeding program must be focused on broadening the genetic base through pre-breeding and characterization of
germplasm for biotic and abiotic stresses, identification of resource-use efficient genotypes, especially for water and phosphorus,
development of genetic and genomic resources, identification of trait-specific donor germplasm, and integration of molecular breeding
applications with conventional breeding programs.

5. Conclusions

The current study examined the demand for high-quality seed and the production situation of well-known berseem varieties, In-
dia’s most significant wintertime legume crop. A twenty-four-year comparative analysis of indent and production data of breeder seeds
of different varieties resulted in an idea of varietal seed replacement and the average age of varieties. Further, it highlights the fact that
there is a need to increase the quality of the seed production chain, possibly through FPOs, a crucial ingredient to increase farm
productivity as well as farmers’ income. We also described the breeding challenges in berseem and pertinent options to break the yield
plateau. The article will be helpful for policymakers and researchers in increasing forage resources further, especially in terms of seed
quality in the country.

13



S. Chand et al. Heliyon 10 (2024) e35735
Data availability

No, Data will be made available on request.
CRediT authorship contribution statement

Subhash Chand: Writing - review & editing, Writing — original draft, Software, Formal analysis, Data curation, Conceptualization.
Ajoy Kumar Roy: Writing — review & editing, Writing — original draft, Supervision, Resources, Project administration, Investigation,
Formal analysis, Conceptualization. Sanjay Kumar: Writing — original draft, Formal analysis, Data curation. Tejveer Singh: Writing —
review & editing, Writing - original draft, Visualization, Supervision. Vijay Kumar Yadav: Validation, Resources, Project adminis-
tration, Investigation, Conceptualization. Swami Sunil Ramling: Writing — original draft, Software. Rajiv Kumar Agrawal: Super-
vision, Methodology, Conceptualization. Devendra Ram Malaviya: Supervision, Resources. Awnindra Kumar Singh: Writing —
review & editing, Resources. Ram Vinod Kumar: Writing — review & editing, Supervision. Krishna Kumar Dwivedi: Writing — review
& editing, Validation. Amaresh Chandra: Visualization. Devendra Kumar Yadava: Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgment

The authors acknowledge the Indian Council of Agricultural Research (ICAR), the Indian Grassland and Fodder Research Institute,
Jhansi (UP), India, and ICAR-AICRP on Forage Crops and Utilization (FCU) for supplying all the required information. They also
express their gratitude to the thoughtful employees of AICRP’s FCU centers across the country who produce breeder seeds.

References

[1] D. Muhammad, B. Misri, M. El-Nahrawy, S. Khan, A. Serkan, Egyptian clover (Trifolium alexandrinum). King of Forage Crops, Food and Agriculture
Organization of the United Nations (FAO), Cairo, Egypt, 2014 fao.org/3/a-i3500e.pdf.

[2] P.Verma, A. Chandra, A.K. Roy, D.R. Malaviya, P. Kaushal, D. Pandey, S. Bhatia, Development, characterization and cross-species transferability of genomic SSR
markers in Berseem (Trifolium alexandrinum L.), an important multi-cut annual forage legume, Mol. Breeding 35 (2015) 23, https://doi.org/10.1007/s11032-
015-0223-7.

[3] K.C. Pandey, A.K. Roy, Forage Crops Varieties, Indian Grassland and Fodder Research Institute, Jhansi, India, 2011. http://www.igfri.res.in/cms/Publication/
Miscellaneous/Forage_Crop_Varieties.pdf.

[4] T.Singh, A. Radhakrishna, D. SevaNayak, D.R. Malaviya, Genetic improvement of berseem (Trifolium alexandrinum) in India: current status and prospects, Int. J.
Curr. Microbiol. App. Sci. 8 (2019) 3028-3036, https://doi.org/10.20546/ijcmas.2019.801.322.

[5] P. Kaushal, S.K. Mahanta, D.R. Malaviya, A.K. Roy, Nutritive value of diploid and improved tetraploid lines of Egyptian clover (Trifolium alexandrinum) at
different cutting stages, Indian J. Anim. Sci. 73 (2003) 940-944.

[6] R.P. Singh, A.K. Singh, M. Singh, R.K. Singh, Diseases in berseem and its management: a review, J. Pharmacogn. Phytochem. 9 (2020) 2054-2057.

[7] G.P. Shukla, B.D. Patil, Breeding Egyptian Clover-A Review. Forage Research, vol. 11, 1985, pp. 1-19.

[8] A.K.Roy, D.R. Malaviya, P. Kaushal, Pollination behaviour in different breeding populations in Egyptian clover, Plant Breed. 124 (2005) 171-175, https://doi.

org/10.1111/j.1439-0523.2004.01041.x.

T. Singh, S. Ramakrishnan, S. Kumar Mahanta, V. C. Tyagi, A.K. Roy, Tropical forage legumes in India: status and scope for sustaining livestock production,

IntechOpen (2019), https://doi.org/10.5772/intechopen.81186.

[10] R.S. Paroda, A lecture delivered Indian seed sector: the way forward. Indian Seed Congress 2013, 2013 organized by NSAI at Gurgaon on 8 February, 2013.

[11] A.A. Ali, Role of seed and its technological innovations in Indian agricultural sector, Biosci. Biotech. Res. Comm. 9 (2016) 621-624.

[12] AK. Roy, R.K. Agrawal, N.R. Bhardwaj, Indian fodder scenario: redefining state wise status (2019). All India coordinated research Project on forage crops and
utilization, Jhansi-284 003, India. Tech. Pub. Number- 06/2019. Project Coordinator, AICRP-Forage Crops and Utilization, Project Coordinating Unit, IGFRI,
Jhansi (Publisher), 2019, p. 201. ISBN: 978-93-5382-839-4.

[13] J.S. Chauhan, S. Chand, P.R. Choudhury, K.H. Singh, R.K. Agarwal, N.R. Bhardwaj, A.K. Roy, A scenario of breeding varieties and seed production of forage
crops in India, Indian J. Genet. 81 (2021) 343-357, https://doi.org/10.31742/1JGPB.81.3.1.

[14] D. Vijay, N. Manjunatha, A. Maity, S. Kumar, V.K. Wasnik, C.K. Gupta, V.K. Yadav, P.K. Ghosh, Berseem-Intricacies of Seed Production in India. ICAR-IGFRI
Technical Bulletin, Indian Grassland and Fodder Research Institute (IGFRI), Jhansi, UP, India, 2017 bit. ly/2EtAm1q. 2017.

[15] S. Kumar, C.K. Gupta, A. Maity, D. Vijay, N. Manjunatha, V.K. Wasnik, V.K. Yadav, Quality assessment of berseem (Trifolium alexandrinum L.) seed traded
through informal seed system in Bundelkhand region of central India, Range Manag. Agrofor. 42 (2021) 240-245.

[16] https://seednet.gov.in/material/indianseedsector.htm. (Accessed 14 August 2023).

[17] Anonymous, Annual Report (Rabi 1998-99), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 1999.

[18] Anonymous, Annual Report (Rabi 1999-2000), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2000.

[19] Anonymous, Annual Report (Rabi 2000-01), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2001.

[20] Anonymous, Annual Report (Rabi 2001-02), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2002.

[21] Anonymous, Annual Report (Rabi 2002-03), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2003.

[22] Anonymous, Annual Report (Rabi 2003-04), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2004.

[23] Anonymous, Annual Report (Rabi 2004-05), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2005.

[24] Anonymous, Annual Report (Rabi 2005-06), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2006.

[25] Anonymous, Annual Report (Rabi 2006-07), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2007.

[26] Anonymous, Annual Report (Rabi 2007-08), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2008.

[27] Anonymous, Annual Report (Rabi 2008-09), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2009.

[28] Anonymous, Annual Report (Rabi 2009-10), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2010.

[29] Anonymous, Annual Report (Rabi 2010-11), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2011.

[30] Anonymous, Annual Report (Rabi 2011-12), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2012.

[9

—_

14


http://refhub.elsevier.com/S2405-8440(24)11766-5/sref1
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref1
https://doi.org/10.1007/s11032-015-0223-7
https://doi.org/10.1007/s11032-015-0223-7
http://www.igfri.res.in/cms/Publication/Miscellaneous/Forage_Crop_Varieties.pdf
http://www.igfri.res.in/cms/Publication/Miscellaneous/Forage_Crop_Varieties.pdf
https://doi.org/10.20546/ijcmas.2019.801.322
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref5
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref5
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref6
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref7
https://doi.org/10.1111/j.1439-0523.2004.01041.x
https://doi.org/10.1111/j.1439-0523.2004.01041.x
https://doi.org/10.5772/intechopen.81186
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref10
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref11
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref12
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref12
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref12
https://doi.org/10.31742/IJGPB.81.3.1
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref14
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref14
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref15
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref15
https://seednet.gov.in/material/indianseedsector.htm
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref17
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref18
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref19
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref20
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref21
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref22
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref23
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref24
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref25
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref26
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref27
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref28
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref29
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref30

S. Chand et al. Heliyon 10 (2024) e35735

[31] Anonymous, Annual Report (Rabi 2012-13), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2013.

[32] Anonymous, Annual Report (Rabi 2013-14), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2014.

[33] Anonymous, Annual Report (Rabi 2014-15), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2015.

[34] Anonymous, Annual Report (Rabi 2015-16), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2016.

[35] Anonymous, Annual Report (Rabi 2016-17), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2017.

[36] Anonymous, Annual Report (Rabi 2017-18), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2018.

[37] Anonymous, Annual Report (Rabi 2018-19), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2019.

[38] Anonymous, Annual Report (Rabi 2019-20), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2020.

[39] Anonymous, Annual Report (Rabi 2020-21), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2021.

[40] Anonymous, Annual Report (Rabi 2021-22), AICRP on Forage Crops and Utilization, ICAR-Indian Grassland and Fodder Research Institute, Jhansi, 2022.

[41] P.C. Veettil, A. Devi, I. Gupta, Caste, informal social networks and varietal turnover. 10" International Conference of Agricultural Economists, 2018, https://
doi.org/10.22004/ag.econ.277172. July 29-August 2, Vancouver, Canada.

[42] R.P. Singh, R.C. Agrawal, Improving efficiency of seed system by appropriating farmer’s rights in India through adoption and implementation of policy of
quality declared seed schemes in parallel. MOJ Eco, Environ. Sci. 3 (2018) 387-391, https://doi.org/10.15406/mojes.2018.03.00118.

[43] A.J.G. Van Gastel, Z. Bishaw, B.R. Gregg, Wheat Seed Production. Bread Wheat—Improvement and Production, FAO, 2002, pp. 463-482.

[44] J.S. Chauhan, A.K. Roy, S. Pal, D. Kumar, P.R. Choudhury, A.K. Mall, D.R. Malviya, Forage seed production scenario in India: issues and way forward, I. J. Agri.
Sci. 87 (2017) 147-158.

[45] J.S. Chauhan, S.R. Prasad, S. Pal, P.R. Choudhury, K.U. Bhaskar, Seed production of field crops in India: quality assurance, status, impact and way forward, I. J.
Agri. Sci. 86 (2016) 563-579.

[46] https://commerce.gov.in/. (Accessed 14 August 2023).

[47] https://seedexim.gov.in/. (Accessed 3 April 2023).

[48] https://aicrponforagecrops.icar.gov.in/pdfs/Leucerne.pdf. (Accessed 3 April 2023).

[49] S. Chand, R.K. Singhal, P. Govindasamy, Agronomical and breeding approaches to improve the nutritional status of forage crops for better livestock
productivity, Grass Forage Sci. 77 (2022) 11-32, https://doi.org/10.1111/gfs.12557.

[50] S. Chand, A.K. Roy, T. Singh, R.K. Agrawal, V.K. Yadav, S. Kumar, D.R. Malaviya, A. Chandra, D.K. Yadava, Twenty-four years lucerne (Medicago sativa L.)
breeder seed production in India: a retrospective study, Front. Plant Sci. 14 (2023) 1259967, https://doi.org/10.3389/fpls.2023.1259967.

[51] B.Lal, P. Gautam, B.B. Panda, R. Raja, T. Singh, R. Tripathi, M. Shahid, A.K. Nayak, Crop and varietal diversification of rainfed rice based cropping systems for
higher productivity and profitability in Eastern India, PLoS One 12 (2017) 0175709, https://doi.org/10.1371/journal.pone.0175709.

[52] E. Gotor, M.A. Usman, M. Occelli, B. Fantahun, C. Fadda, Y.G. Kidane, D. Mengistu, A.Y. Kiros, J.N. Mohammed, M. Assefa, T. Woldesemayate, Wheat varietal
diversification increases Ethiopian smallholders’ food security: evidence from a participatory development initiative, Sustainability 13 (2021) 1029, https://doi.
org/10.3390/5u13031029.

[53] R.P. Zentner, D.D. Wall, C.N. Nagy, E.G. Smith, D.L. Young, P.R. Miller, C.A. Campbell, B.G. McConkey, S.A. Brandt, G.P. Lafond, A.M. Johnston, Economics of
crop diversification and soil tillage opportunities in the Canadian prairies, Agron. J. 94 (2002) 216-230, https://doi.org/10.2134/agronj2002.2160.

[54] K. Suresh, C. Wilson, U. Khanal, S. Managi, S. Santhirakumar, How productive are rice farmers in Sri Lanka? The impact of resource accessibility, seed sources
and varietal diversification, Heliyon 7 (2021) e7398, https://doi.org/10.1016/j.heliyon.2021.e07398.

[55] R.P. Singh, A.D. Chintagunta, D.K. Agarwal, R.S. Kureel, S.J. Kumar, Varietal replacement rate: prospects and challenges for global food security, Global Food
Secur. 25 (2020) 100324, https://doi.org/10.1016/j.gfs.2019.100324.

[56] R.P. Singh, Increased yield and crop diversification through adoption of climate resilient varieties among pulse crops in India: an appraisal, Climate Change and
Environmental Sustainability 4 (2016) 47-59, https://doi.org/10.5958/2320-642X.2016.00007.7.

[57] R.P. Singh, Improving seed systems resiliency at local level through participatory approach for adaptation to climate change, Adv. Plants Agric. Res. 6 (2017),
https://doi.org/10.15406/apar.2017.06.00200.

[58] B.B. Patnaik, Quality Seeds — Contribution of National Seeds Corporation, National Seeds Corporation Ltd Golden Jublee Souvenir, 2013, pp. 14-18.

[59] H. Bhandari, S. Pandey, R. Sharan, D. Naik, . Hirway, S.K. Taunk, A.S.R.A.S. Sastri, Economic costs of drought and rice farmers’ drought-coping mechanisms in
eastern India, in: S. Pandey, H. Bhandari, B. Hardy (Eds.), Economic Costs of Drought and Rice Farmers’ Coping Mechanisms: A Cross-Country Comparative
Analysis, International Rice Research Institute, Los Banos, 2007, pp. 43-112.

[60] G. Feder, D.L. Umali, The adoption of agricultural innovations: a review, Technol. Forecast. Soc. Change 43 (1993) 215-239, https://doi.org/10.1016,/0040-
1625(93)90053-A.

[61] I. Matuschke, R.R. Mishra, M. Qaim, Adoption and impact of hybrid wheat in India, World Dev. 35 (2007) 1422-1435, https://doi.org/10.1016/j.
worlddev.2007.04.005.

[62] M. Lacoste, R. Williams, W. Erskine, H. Nesbitt, L. Pereira, A. Marcal, Varietal diffusion in marginal seed systems: participatory trials initiate change in East
Timor, J. Crop Improv. 26 (2012) 468-488, https://doi.org/10.1080/15427528.2011.651775.

[63] C.N. Mishra, A. Sharma, U. Kamble, S.K. Singh, G.P. Singh, Accelerating varietal replacement in wheat through strengthening of seed systems, in: New Horizons
in Wheat and Barley Research: Global Trends, Breeding and Quality Enhancement, Springer Singapore, 2022, pp. 63-79, https://doi.org/10.1007/978-981-16-
4449-8 4.

[64] K. Vishnu, K. Raj, R.P.S. Verma, V. Ajay, S. Indu, Recent trends in breeder seed production of barley (Hordeum vulgare) in India, Indian J. Agric. Sci. 83 (2013).

[65] G.S.Prasad, C.S. Rao, K. Suneetha, K. Muralidharan, E.A. Siddiq, Impact of breeder seed multiplication and certified quality seed distribution on rice production
in India, CABI Agriculture and Bioscience 3 (2022) 33, https://doi.org/10.1186/543170-022-00099-2.

[66] V.V. Krishna, D.J. Spielman, P.C. Veettil, Exploring the supply and demand factors of varietal turnover in Indian wheat, J. Agric. Sci. 154 (2016) 258-272,
https://doi.org/10.1017/50021859615000155.

[67] AX. Parihar, G.P. Dixit, Varietal spectrum of seed production of pulses in India: an updated approach, Proc. Natl. Acad. Sci. India B Biol. Sci. 86 (2016)
247-252, https://doi.org/10.1007/s40011-014-0456-y.

[68] P.K. Agrawal, Indian Seed Industry: today and its potential in next five years, in: National Seed Congress on Welfare and Economic Prosperity of the Indian
Farmers through Seeds, Raipur, Chhattisgarh, 2012, pp. 21-23.

[69] R.R. Hanchinal, An overview of developments in Indian seed sector and future challenges, in: National Seed Congress on Welfare and Economic Prosperity of the
Indian Farmers through Seeds, Raipur, Chhattisgarh, 2012, pp. 21-23.

[70] U. Hiremath, B. Gowda, B.S. Ganiger, G.Y. Lokesh, Role of formal and informal seed sector in augmenting seed replacement rate in Raichur District of
Karnataka, India, Int. J. Curr. Microb. and Appl. Sci. 9 (2020) 182-1861, https://doi.org/10.20546/ijcmas.2020.906.230.

[71]1 AX. Roy, D.R. Malaviya, P. Kaushal, Genetic improvement of fodder legumes especially dual purpose pulses, Indian J. Genet. 76 (2016) 608-625, https://doi.
org/10.5958/0975-6906.2016.00076.6.

[72] J.S. Verma, S.N. Mishra, Advances in forage plant improvement in upper Gangetic Plains, in: C.R. Hazra, B. Mishri (Eds.), New Vistas in Forage Production,
Indian Grassland and Fodder Research Institute (IGFRI), Jhansi, 1995, pp. 83-96. UP, India.

[73] D.R. Malaviya, A.K. Roy, P. Kaushal, B. Kumar, Affinity between Trifolium alexandrinum and T. apertum—cytological investigation in embryo rescued hybrid
2004, Cytologia 69 (2004) 425-429, https://doi.org/10.1508/cytologia.69.425.

[74] D.R. Malaviya, A.K. Roy, P. Kaushal, U.P. Singh, B. Kumar, Phenotypic variability among the germplasm lines of Egyptian clover (Trifiolium alexandrinum L),
Indian Journal of Plant Genetic Resources 20 (2007) 15-20.

[75] D.R. Malaviya, H. Raman, B. Dear, R. Raman, A.K. Roy, P. Kaushal, A. Chandra, S. Hughes, Genetic diversity and lineage based on SSR markers of two genomic
resources among Trifolium collections held within the Australian Pastures genebank, Open J. Genet. 9 (2019) 1-14, https://doi.org/10.4236/
0jgen.2019.91001.

15


http://refhub.elsevier.com/S2405-8440(24)11766-5/sref31
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref32
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref33
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref34
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref35
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref36
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref37
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref38
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref39
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref40
https://doi.org/10.22004/ag.econ.277172
https://doi.org/10.22004/ag.econ.277172
https://doi.org/10.15406/mojes.2018.03.00118
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref43
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref44
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref44
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref46
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref46
https://commerce.gov.in/
https://seedexim.gov.in/
https://aicrponforagecrops.icar.gov.in/pdfs/Leucerne.pdf
https://doi.org/10.1111/gfs.12557
https://doi.org/10.3389/fpls.2023.1259967
https://doi.org/10.1371/journal.pone.0175709
https://doi.org/10.3390/su13031029
https://doi.org/10.3390/su13031029
https://doi.org/10.2134/agronj2002.2160
https://doi.org/10.1016/j.heliyon.2021.e07398
https://doi.org/10.1016/j.gfs.2019.100324
https://doi.org/10.5958/2320-642X.2016.00007.7
https://doi.org/10.15406/apar.2017.06.00200
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref56
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref57
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref57
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref57
https://doi.org/10.1016/0040-1625(93)90053-A
https://doi.org/10.1016/0040-1625(93)90053-A
https://doi.org/10.1016/j.worlddev.2007.04.005
https://doi.org/10.1016/j.worlddev.2007.04.005
https://doi.org/10.1080/15427528.2011.651775
https://doi.org/10.1007/978-981-16-4449-8_4
https://doi.org/10.1007/978-981-16-4449-8_4
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref62
https://doi.org/10.1186/s43170-022-00099-2
https://doi.org/10.1017/S0021859615000155
https://doi.org/10.1007/s40011-014-0456-y
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref67
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref67
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref68
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref68
https://doi.org/10.20546/ijcmas.2020.906.230
https://doi.org/10.5958/0975-6906.2016.00076.6
https://doi.org/10.5958/0975-6906.2016.00076.6
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref71
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref71
https://doi.org/10.1508/cytologia.69.425
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref73
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref73
https://doi.org/10.4236/ojgen.2019.91001
https://doi.org/10.4236/ojgen.2019.91001

S. Chand et al. Heliyon 10 (2024) e35735

[76]
[77]

[78]
[79]

[80]
[81]
[82]
[83]
[84]
[85]
[86]
[87]
[88]
[89]

[90]

T. Singh, A. Radhakrishna, H.A. Bhargavi, D. SevaNayak, Berseem breeding for sustainable forage production, in: N. Biradar, et al. (Eds.), Modern Practices for
Plant and Animal Nutrition for Sustainable Development, Dipreet Publising House New Delhi, 2021, pp. 158-169, 2021.

P. Martiniello, A. Iannucci, Genetic variability in herbage and seed yield in selected half-sib families of berseem clover, (Trifolium alexandrinum L), Plant Breed.
117 (1998) 559-562, https://doi.org/10.1111/j.1439-0523.1998.tb02207..x.

B.R. Bakheit, Effect of recurrent selection and performance of seed synthetics in berseem clover, Trifolium alexandrinum L. Forage Res. 15 (1989) 1-7.

B.R. Bakheit, Pollination and seed setting in different genotypes of Egyptian clover (Berseem, Trifolium alexandrinum L.), Assiut J. of Agric. Sci. 20 (1989)
199-208.

B.R. Bakheit, Selection for seed yield production of Egyptian clover (Trifolium alexandrinum L.) C. V. Fahl, Plant Breed. 103 (1989) 278-285, https://doi.org/
10.1111/§.1439-0523.1989.tb00386.x.

A.S.M. Badawy, M.M. Shereen, E.L. Nahrawy, A.T. Bondok, Genetic variability and path- coefficient analysis for forage yield and its components in Egyptian
clover, Journal of Agricultural Chemistry and Biotechnology 9 (2018) 295-301, https://doi.org/10.21608/jacb.2018.37052.

B.R. Bakheit, Genetic variability, genotypic and phenotypic correlations and path-coefficient analysis in Egyptian clover (Trifolium alexandrinum L.), J. Agron.
Crop Sci. 157 (1986) 58-66, https://doi.org/10.1111/7.1439-037X.1986.tb00047.x.

M.A.S. Ahmed, Variability, correlation and path-coefficient analysis for two populations of multi-cut berseem clover, Alex. J. Agric. Res. 51 (2006) 63-72.
D.R. Malaviya, A.K. Roy, P. Kaushal, M. Chakraborti, A. Yadav, A. Khare, R. Dhir, D. Khairnar, G.P. George, Interspecific compatibility barriers, development of
interspecific hybrids through embryo rescue and lineage of Trifolium alexandrinum (Egyptian clover)—important tropical forage legume, Plant Breed. 137
(2018) 655-672, https://doi.org/10.1111/pbr.12616.

D.R. Malaviya, A.K. Roy, P. Kaushal, B. Kumar, Affinity between Trifolium alexandrinum and T. apertum—cytological investigation in embryo rescued hybrid
2004, Cytologia 69 (2004) 425-429, https://doi.org/10.1508/cytologia.69.425.

D.R. Malaviya, A.K. Roy, P. Kaushal, B. Kumar, A. Tiwari, Development and characterization of interspecific hybrids of Trifolium alexandrinum x T. apertum using
embryo rescue, Plant Breed. 123 (2004) 536-542, https://doi.org/10.1111/j.1439-0523.2004.01042.x.

P. Kaushal, D.R. Malaviya, A.K. Roy, B. Kumar, A. Tiwari, Trifolium alexandrinum x T. resupinatum - interspecific hybrids developed through embryo rescue, Plant
Cell Tissue Organ Cult. 83 (2005) 137-144, https://doi.org/10.1007/s11240-005-4442-1.

AK. Roy, D.R. Malaviya, P. Kaushal, B. Kumar, A. Tiwari, Interspecific hybridization of T. alexandrinum with T. constantinopolitanum using embryo rescue, Plant
Cell Rep. 22 (2004) 605-610. https://cir.nii.ac.jp/crid/1571698600099633792.

AK. Roy, R.K. Agrawal, S. Chand, S. Ahmad, R.V. Kumar, A.K. Mall, N.R. Bhardwaj, R. Mawar, D.N. Singh, S.R. Kantwa, S.A. Faruqui, Database of Forage Crop
Varieties 2020. ICAR- All India Coordinated Research Project on Forage Crops and Utilization, 2020, p. 370. ISBN no. 978-81-948917-2-7.

D.R. Malaviya, A.K. Roy, P. Kaushal, B. Kumar, A. Tiwari, Genetic similarity among Trifolium species based on isozyme banding pattern, Plant Systemat. Evol.
276 (2008) 125-136, https://doi.org/10.1007/s00606-008-0070-7.

16


http://refhub.elsevier.com/S2405-8440(24)11766-5/sref75
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref75
https://doi.org/10.1111/j.1439-0523.1998.tb02207.x
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref77
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref78
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref78
https://doi.org/10.1111/j.1439-0523.1989.tb00386.x
https://doi.org/10.1111/j.1439-0523.1989.tb00386.x
https://doi.org/10.21608/jacb.2018.37052
https://doi.org/10.1111/j.1439-037X.1986.tb00047.x
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref82
https://doi.org/10.1111/pbr.12616
https://doi.org/10.1508/cytologia.69.425
https://doi.org/10.1111/j.1439-0523.2004.01042.x
https://doi.org/10.1007/s11240-005-4442-1
https://cir.nii.ac.jp/crid/1571698600099633792
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref88
http://refhub.elsevier.com/S2405-8440(24)11766-5/sref88
https://doi.org/10.1007/s00606-008-0070-7

	Quality seed production scenario of Egyptian clover (Trifolium alexandrinum) in India: A 24-year retrospective analysis
	1 Introduction
	2 Materials and methods
	2.1 Data mining
	2.2 Varietal replacement rate (VRR)
	2.3 Seed replacement rate (SRR)
	2.4 Seed multiplication ratio (SMR)
	2.5 Projected foundation and certified seeds production
	2.6 Projected area coverage under quality seed
	2.7 Data interpretation

	3 Results
	3.1 Berseem seed demand, supply chain and seed import status
	3.2 Varietal diversification, BS indent and production status
	3.3 Varietal BS indent and production status
	3.4 Center-wise BS allocation and production status
	3.5 Varietal replacement rate and varietal age
	3.6 Prediction of certified seed and estimated acreage

	4 Discussion
	4.1 BS demand and impact
	4.2 Varietal diversification and varietal replacement rate
	4.3 BS demand and production discrepancy
	4.4 Breeding constraints and future perspective

	5 Conclusions
	Data availability
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgment
	References


