Bolstering Food Security: Climate-Resilient Wheat Varieties in India- A Review
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Indian wheat research has a strong history of breakthroughs that have significantly contributed to food security. Key achievements, both pre and post-Green Revolution, include developing heat tolerance and disease resistance, addressing farmer challenges, and enhancing nutritional value through breeding techniques such as hybridization, speed breeding, mutation, and transgenic breeding. These advancements, combining traditional and modern methods, have been crucial in ensuring food security for India's growing population and are paving the way for a more resilient and nutritious wheat crop in the future, particularly in the face of climate change.Climate change, with its increased heat, droughts, and floods, poses a significant threat to India's food security despite past advancements in wheat research. As the world's second-largest wheat producer, India is actively combating this by developing climate-resilient wheat varieties.High temperatures lead to increased transpiration and drought, causing low productivity. A model suggests global warming could cause serious drought in 60% of wheat-growing areas worldwide, currently affecting 15% of wheat productivity.A 1°C temperature rise is projected to decrease global yields for major crops, including wheat, by 10-20%. With temperatures potentially rising by 2-4°C by the end of the century, the future of crop production is concerning.While factors like CO2, sunlight, and suitable temperatures can benefit wheat growth, the impact of climate change heavily depends on future greenhouse gas emissions, with lower emissions leading to less drastic yield reductions. The impact also varies geographically and intensifies over time. Given these challenges, the development of climate-resilient wheat varieties is urgent for India. Scientists are working to create varieties that can withstand erratic weather patterns, prolonged droughts, and rising temperatures while maintaining high yields, ultimately aiming to safeguard the livelihoods of farmers and ensure food security for millions.
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Introduction
Wheat (Triticum spp.) belongs to the genus Triticum of the Poaceae (Gramineae) family originally from the Levant region of the Near East and Ethiopian Highlands, but now cultivated worldwide (1). The three species of wheat namely, Triticum aestivum (bread wheat), Triticum durum (macaroni wheat) and Triticum dicoccum (Emmer or Khapli wheat ) grown on commercial basis in the Indian subcontinent from pre-historic times with share of production in percent 96%and 4%respectively, are being cultivated in the country (2).
Wheat is used by human beings in form of flour for making Chapaties, Semolina and Pasta products (de Sousa et al., 2021). It is also used for preparation of bread, biscuits, cookies, cracks, noodles, dalia, maida, vermicelli, etc. Wheat straw is also used for the animal feed as fodder and for packaging materials (Bangar et al., 2023). Wheat consists of approximately carbohydrate 78.10%, protein 14.70%, fat 2.10%, minerals 2.10% and considerable proportions of vitamins (thiamine and vitamin-B) and minerals (zinc, iron). Wheat isalso a good source of traces minerals like selenium and magnesium, nutrients essential to good health (3, 4, 5, 6).
Globally, wheat is the leading cereal crop. In 2012-13, around 224.05 million hectares were cultivated, resulting in a production of 793.37 million tonnes. India leads the world in terms of area under wheat cultivation, at 31.82 million hectares.However, in terms of production, India comes in second with 112.74 million tonnes, and a national average productivity of 35.43q/ha.(7).
Wheat research in India boasts a rich history of breakthroughs, contributing significantly to food security (Kamble et al., 2022; Choudhary et al., 2022; Udhayan et al., 2023). Here's a closer look at some key achievements, both before and after the Green Revolution:Heat Tolerance and Disease Resistance, Addressing Emerging Challenges of farmers, Nutritional Enhancement using the various breeding tools i.e., hybridization, speed breeding, mutation, transgenic breeding etc. These advancements in wheat research, achieved through a combination of traditional and modern techniques, have played a crucial role in ensuring food security for India's growing population. They continue to pave the way for a more resilient and nutritious wheat crop for the future.Climate change throws a whole new set of challenges at the incredible achievements of Indian wheat research. 
The Looming Challenge: Climate Change and Food Security
While advancements in wheat research have significantly boosted India's food security, climate change presents a major emerging threat. Harsher heat, droughts, and floods are disrupting traditional growing conditions. This urgency is accelerating diverse efforts to introduce crops that can withstand these shifting conditions.
India's Race for Climate-Resilient Wheat
As the world's second-largest wheat producer, India is at the forefront of this fight. Scientists in government research institutes and universities are racing to develop and distribute a broad range of climate-resilient wheat varieties. These new varieties could prove vital to shoring up food security for India's massive population of 1.4 billion people.
Beyond Yield: The New Focus
Traditionally, crop breeding programs focused on maximizing yield (Rahman et al., 2021; Kasemsap & Bloom, 2022). However, as the passage rightly points out, "that alone is no longer enough." Climate resilience has become an equally important, if not more crucial, factor in ensuring food security in the face of a changing climate.
In recent years, efforts have been made to develop climate resilient varieties for all wheat growing mega zones to safeguard the production and productivity. Climate change throws a curveball, but India's fields respond with a hopeful strike: Climate-Resilient Wheat. This research breakthrough is a game-changer for Indian agriculture, promising food security for millions in the face of a capricious climate.
Effects of climate change on wheat productivity
High temperature causes a high rate of transpiration, which causes drought that ultimately leads to low productivity. A model was designed on drought conditions and result showed that global warming causes serious drought in 60% of wheat-growing areas of the world. Currently, drought affects 15% of wheat productivity (8).Climate change poses a significant threat to crop yields. Studies suggest a global decrease of 10-20% for major crops including wheat with just a 1°C temperature rise(9). As temperatures are projected to rise by 2-4°C by the end of the century, the future of crop production appears increasingly concerning (10).Wheat faces threats from pests, diseases, weeds, and harsh environmental conditions. Conversely, factors like CO2, sunlight, and suitable temperatures can significantly benefit wheat growth. These positive factors generally have a direct relationship with wheat yield – more favorable conditions lead to higher yields (11).The severity of climate change's impact on wheat depends heavily on future greenhouse gas emissions. Lower emission scenarios will likely lead to less drastic yield reductions compared to high emission scenarios. Additionally, the impact varies geographically and intensifies over time (12).
Urgency of climate-resilient wheat varieties
India's agricultural landscape is as diverse as its culture, with wheat being one of the country's staple crops. However, in recent years, the changing climate has cast a shadow over wheat production. Erratic weather patterns, prolonged droughts, and increasing temperatures have threatened the livelihoods of farmers and food security for millions.
In response to these challenges, scientists in India have developed climate-resilient wheat varieties that can withstand the changing climate while maintaining high yields. In this article, we explore the journey of climate-resilient wheat in India, its benefits, and its potential to bolster food security.

















Table: 1 List of climate-resilient wheat verities
	Northern Hill Zone (NHZ)

	S. No.
	Variety
	Parentage
	Production Condition
	Developed by
	Yield (q/ha)
	Climate resilient trait

	
	
	
	
	
	Average 
	Potential
	

	
	
	
	
	
	 RI
	RF
	 RI
	RF
	

	1. 
	HPW 349
	OASIS/SKAUZ//4*BCN/3/PASTOR/4/KAUZ*2/YACO//KAUZ
	TS, RI/RF
	HPKVV, Palampur
	47.0
	25.9
	61.4
	42.1
	DST

	2. 
	HS 507
	KAUZ/MYNA/VUL/BUC/FLK/4/MILAN
	TS, RI/RF
	IARI, RS, Shimla
	46.8
	26.6
	60.1
	54.3
	DST

	3. 
	TL 2969
	JNIT141/TL1210//JNIT 141
	TS, RF
	PAU, Ludhiana
	-
	29.3
	-
	53.8
	DST

	4. 
	VL 907
	DYBR 1982-83/842 ABVD50/VW9365//PBW 343
	TS, RI/RF
	VPKAS, Almora
	44.3
	27.9
	-
	52.5
	DST

	5. 
	HS 562
	OASIS/SKAUZ//4*BCN/3/2*P
ASTOR
	TS, RI/RF
	IARI, RS, Shimla
	52.7
	36.0
	62.2
	58.8
	DST

	6. 
	VL 2041
	NESSER/SAULSKU32/MACS6240//HS507
	TS, RF
	VPKAS, Almora
	-
	29.6
	-
	44.4
	DST

	North Western Plains Zone (NWPZ)

	7. 
	HD 3043
	PJN/BOW//OPATA*2/3/CROC_1/A
e.squarrosa(224)//OPATA
	TS, RI
	IARI, New Delhi
	-
	42.8
	-
	50.2
	DST

	8. 
	PBW 644
	PBW175/HD2643
	TS, RF
	PAU, Ludhiana
	-
	42.8
	-
	44.8
	DST

	9. 
	WH 1080
	21ST SAWSN151
	TS, RF
	CCSHAU, Hisar
	-
	30.8
	-
	44.4
	DST

	10. 
	WH 1142
	MUNIA/CHTO/AMSEL
	TS, RI
	CCSHAU, Hisar
	-
	48.1
	-
	62.5
	DST

	11. 
	PBW 660
	WG 6761 / WG6798
	TS, RF
	PAU, Ludhiana
	-
	35.3
	-
	49.3
	DST

	12. 
	HD 3237
	HD 3016/HD 2967
	TS, RI
	IARI, New Delhi
	-
	48.4
	-
	63.1
	DST

	13. 
	HI 1620
	NAC/TH.AC//3*PVN/3/MIRLO/BUC/4/2*PASTOR/5/KACHU/6/KACHU
	TS, RI
	IARI, RS, Indore
	-
	49.1
	-
	61.8
	DST

	14. 
	HI 1628
	FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ/5/PFAU/WEAVER//BRAMBLING
	TS, RI
	IARI, RS, Indore
	-
	50.4
	-
	65.1
	DST

	15. 
	DBW 296
	SOKOLL/3/PASTOR//HXL7573/2*BAU/4/MASSIV/PPR47.89C (23rd SAWYT Entry No. 321)
	TS, RI
	IIWBR, Karnal
	-
	56.1
	-
	83.3
	DST & H

	16. 
	HUW 838
	WBLL1*2/BRAMBLING/4/BABAX/LR42//BABAX*2/3/SHAMA*2/5/PBW343*2/KUKUNA*2//FRTL/PIFED
	TS, RI
	BHU, Varanasi
	-
	51.3
	-
	77.7
	DST

	17. 
	HD 3369
	NADI/COPIO//NADIHD3070/HD3078
	TS, RI
	IARI, New Delhi
	-
	50.6
	-
	71.4
	DST

	18. 
	HI 1653
	NADI/COPIO//NA DI
	TS, RI
	IARI, RS, Indore
	-
	51.1
	-
	69.3
	DST

	19. 
	HI 1654
	SOKOLL/3/PASTOR//HXL7573/2*BAU/4/PANDION//FILIN/2*PASTOR/3/BERKUT
	TS, RI
	IARI, RS, Indore
	-
	51.8
	-
	78.2
	DST

	20. 
	NIAW 3170
	SKOLL/ROLF07
	TS, RI
	ARS, Niphad
	-
	51.1
	-
	71.7
	DST

	21. 
	HD 3059
	KAUZ//ALTAR84/AOS/3/MILAN/KAUZ/4/HUITES
	LS, IR
	IARI, New Delhi
	
	42.5
	
	59.4
	HST

	22. 
	DBW 71
	BORL14/CHIPAK
	LS, IR
	IIWBR, Karnal
	
	42.7
	
	78.9
	HST


	Table: 2 List of climate-resilient wheat verities
	S. No.
	Variety
	Parentage
	Production Condition
	Developed by
	Yield (q/ha)
	Climate resilient trait

	
	
	
	
	
	Av.
	Pot
	

	North Western Plains Zone (NWPZ)

	23. 
	DBW 90
	HUW468/WH730
	LS, IR
	IIWBR, Karnal
	42.7
	66.6
	HST

	24. 
	WH 1124
	MUNIA/CHTO/AMSEL
	LS, IR
	CCSHAU, Hisar
	42.7
	56.1
	HST

	25. 
	DBW 173
	KAUZ/AA//KAUZ/PBW602
	LS, IR
	IIWBR, Karnal
	47.2
	57.0
	HST

	26. 
	PBW 752
	PBW 752PBW621/4/PBW3 43//YR10/6*AVO
CET/3/3*PBW343/5/PBW621
	LS, IR
	PAU, Ludhiana
	49.7
	65.4
	HST

	27. 
	DBW 327
	NELOKI//SOKOLL /EXCALIBUR
	IR, ES, HF
	IIWBR, Karnal
	79.4
	87.7
	HST&D

	28. 
	DPW 621-50
	KAUZ//ALTAR84/AOS/3/MILAN/KAUZ/4/HUITES
	TS, IR
	IIWBR, Karnal/ PAU, Ludhiana
	51.7
	69.8
	HST

	29. 
	PBW 771
	BW3246/2*DBW17
	LS, IR
	PAU, Ludhiana
	50.3
	62.3
	HST

	30. 
	JKW 261
	ISENGRAIN/KBIR D//MUNAL#1
	LS, IR
	BAU, Ranchi
	51.7
	66.6
	HST

	31. 
	PBW 757
	PBW550/YR15/ 6*AVOCET/3/2*PBW550/4/PBW56
8+YR36/3*PBW550
	VLS, IR
	PAU, Ludhiana
	36.4
	44.9
	HST

	32. 
	HI 1621
	W15.92/4/PASTOR//HXL7573/2*BAU/3/WBLL1
	VLS, IR
	IARI, RS, Indore
	37.0
	46.1
	HST

	33. 
	HD 3271
	CHIRIYA 7/ HD2824
	VLS, IR
	IARI, New Delhi
	36.6
	45.5
	HST

	34. 
	HD 3298
	CL1449/PBW343/ /CL882/HD2009
	VLS, IR
	IARI, New Delhi
	39.0
	47.4
	HST

	35. 
	HD 3226
	GRACKLE/HD 2894
	TS, IR
	IARI, New Delhi
	57.5
	79.6
	HST

	36. 
	WH 1270
	SHA7//PRL/VEE# 6/3/FASAN/4/HA AS8446/2*TRCH/ 4/WHEAT//2*FAS AN/5/CBRD/KAU Z/6/MILAN/AMSE L/7/FRET2*KUKU A/8/2*WHEAT/SOKOLL
	IR, ES, HF
	CCSHAU, Hisar
	75.8
	91.5
	HST

	37. 
	DBW 187
	NAC/TH.AC//3*P VN/3/MIRLO/BUC/4/2*PASTOR/5/K
ACHU/6/KACHU(45th IBWSN-1316)
	TS, IR
	IIWBR, Karnal
	61.2
	72.1
	HST&D

	38. 
	HD 2967
	ALD/COC//URES/HD2160M/HD2278
	TS, IR
	IARI, New Delhi
	50.4
	66.0
	HST

	39. 
	DBW 303
	WBLL1*2/BRAMBLING/4/BABAX/LR42//BABAX*2/3/
SHAMA*2/5/PBW343*2/KUKUNA*2//FRTL/PIFED
	IR, ES, HF
	IIWBR, Karnal
	81.2
	97.4
	HST&D

	40. 
	PBW 872
	MUTUS*2/MUU// 2*MUCUY
	IR, ES, HF
	PAU, Ludhiana
	75.2
	93.4
	-

	41. 
	KRL 210
	PBW65/2*PASTOR
	Salt Affected
	CSRRI, Karnal
	33.7
	49.3
	Salt tolerance

	42. 
	KRL 213
	CNDO/R143//ENTE/MEX1-2/3/AEGILOPS SQ4ARROSA (TA4S)/4/WEAVER/5/2/* KAUZ
	Salt Affected
	CSRRI, Karnal
	32.5
	43.9
	Salt tolerance

	43. 
	PDW 314
	AJAIA 12/F3LOCAL (SEL.ETHIO.135.85)//PLATA 13/3/
SOMAT 3/4/SOOTY9/RASCON 37
	TS, IR
	PAU, Ludhiana
	50.3
	71.2
	Yield

	44. 
	WH 1105
	MILAN/S87230//BABAX
	TS, IR
	CCSHAU, Hisar
	52.5
	71.6
	Yield

	45. 
	WHD 943(d)
	GLARE/PLATA -16//AJAIA -3/SILVER16
	TS, IR
	CCSHAU, Hisar
	48.0
	63.9
	Yield

	46. 
	HD 3086
	DBW14/HD2733//HUW468
	TS, IR
	IARI, New Delhi
	54.6
	71.1
	Yield


Table: 3List of climate-resilient wheat verities
		S. No.
	Variety
	Parentage
	Production Condition
	Developed by
	Yield (q/ha)
	Climate resilient trait

	
	
	
	
	
	Av.
	Pot
	

	North Western Plains Zone (NWPZ)

	47. 
	DBW 88
	KAUZ//ALTAR84/AOS/3/MILAN/KAUZ/4/HUITES
	TS, IR
	IIWBR, Karnal
	54.2
	69.9
	Yield

	48. 
	WB 2
	T. DICOCCON CI9309/AE.S Q U A R R O S A ( 4 0 9 )/ 3/MILAN/S87230//BAV92/4/2*MILAN/S87320//BAV92
	TS, IR
	IIWBR, Karnal
	51.6
	58.9
	Yield

	49. 
	PBW 723
	PBW343+Lr57/Yr40+Lr37/Yr17
	TS, IR
	PAU, Ludhiana
	49.2
	63.2
	Yield

	50. 
	HPBW 01
	T. DICOCCON CI9309/AE.SQUARROSA(409)/3/
MILAN/S87230//BAV92/4/2*MILAN/S87320//BAV92
	TS, IR
	PAU, Ludhiana
	51.7
	64.8
	Yield

	51. 
	DBW 222
	KACHU/SAUAL/8/ATTILA*2/PBW65/6/PVN//CAR42
2/ANA/5/BOW/CROW// BUC/PVN/3/YR/4/TRAP#1/7/ATTILA/2*PASTOR           
	TS, IR
	IIWBR, Karnal
	61.3
	82.1
	Yield

	52. 
	PBW 826
	WBLL1*2/KKTS//PASTOR/KUKUNA/3/KINGBIRD#1// INQALAB 91*2/TUKURU/5/ KAUZ//ALTAR 84/AOS/3/MILAN/KAUZ/4/SAUAL
	TS, IR
	PAU, Ludhiana
	63.6
	84.0
	Yield

	53. 
	HD 3406
	HD2967*3/Trinakriya (LrTrk/YrTrk)
	TS, IR
	IARI, New Delhi
	54.7
	70.4
	Yield

	54. 
	DBW 332
	MUTUS/ROLF07/ /MUCUY
	IR, ES, HF
	IIWBR, Karnal
	78.3
	83.0
	Yield

	55. 
	DBW 370
	PREMIO/4/CROC_1/AE.SQUARROSA (205)//KAUZ/3/PIFED/5/2*BORL14
	IR, ES, HF
	IIWBR, Karnal
	74.9
	86.9
	Yield

	56. 
	DBW 371
	BORL14/CHIPAK
	IR, ES, HF
	IIWBR, Karnal
	75.9
	87.1
	Yield

	57. 
	DBW 372
	NELOKI//SOKOLL /EXCALIBUR
	IR, ES, HF
	IIWBR, Karnal
	75.3
	84.9
	Yield

	North Eastern Plains Zone (NEPZ)

	58. 
	HD 3171
	PBW343/HD2879
	TS, RF
	IARI, New Delhi
	28.0
	51.4
	DST

	59. 
	K 1317
	K0307/K9162
	TS, RF
	CSAUAT, Kanpur
	30.1
	38.6
	DST

	60. 
	HI 1612
	Kauz//Altar84/AOS/3/Milan/Kauz/4/Huites
	TS, RI
	IARI, RS, Indore
	37.6
	50.5
	DST

	61. 
	DBW 252
	PFAU/MILAN/5/CHEN/AEGILOPSSQUARROSA 
(TAUS)//BCN/3/VEE#7/BOW/4/PASTOR
	TS, RI
	IIWBR, Karnal
	36.7
	55.6
	DST

	62. 
	HD 3293
	HD2967/DBW46
	TS, RI
	IARI, New Delhi
	39.3
	60.7
	HST&D

	63. 
	PBW 833
	BWL0762/PBW62 1//HD3086
	LS, IR
	PAU, Ludhiana
	42.7
	58.8
	HST

	64. 
	HD 2985
	PBW 343/PASTOR
	LS, IR
	IARI, New Delhi
	37.7
	51.4
	HST

	65. 
	HI 1563
	MACS 2496*2/MC10
	LS, IR
	IARI, RS, Indore
	37.6
	51.7
	HST

	66. 
	HD 3118
	ATTILA*2/PBW65//WBLL1*2/TUKURU
	LS, IR
	IARI, New Delhi
	41.7
	66.0
	HST

	67. 
	DBW 107
	UKURU/INQLAB
	LS, IR
	IIWBR, Karnal
	41.3
	68.7
	HST

	68. 
	DBW 316
	DBW 18/DBW 66
	LS, IR
	IIWBR, Karnal
	41.0
	68.0
	HST


Table: 4List of climate-resilient wheat verities
	S. No.
	Variety
	Parentage
	Production Condition
	Developed by
	Yield (q/ha)
	Climate resilient trait

	
	
	
	
	
	Av.
	Pot
	

	North Eastern Plains Zone (NEPZ)

	69. 
	HI 1621
	W15.92/4/PASTOR//HXL7573/2*BAU/3/WBLL1
	VLS, IR          
	IARI, RS, Indore
	28.3
	46.1
	HST

	70. 
	HD 3249
	PBW343*2/KUKUNA//SRTU/3/PBW343*2KHV/AKI
	TS, IR
	IARI, New Delhi
	48.7
	65.7
	HST

	71. 
	DBW 187
	NAC/TH.AC//3*PVN/3/MIRLO/BUC/4/2*PASTOR/5/K
ACHU/6/KACHU( 4 5 t h I B W S N -1316)
	TS, IR
	IIWBR, Karnal
	48.8
	64.7
	HST&D

	72. 
	HD 2967
	ALD/COC//URESH/HD2160M/HD2278
	TS, IR
	IARI, New Delhi
	45.0
	65.2
	HST

	73. 
	HD 3271
	CHIRIYA 7/ HD2824
	VLS, IR
	IARI, New Delhi
	36.6
	45.5
	HST

	74. 
	DBW 39
	ATTILA/HUI
	TS, IR
	IIWBR, Karnal
	44.6
	64.7
	THST

	75. 
	NW 5054
	THELIN//2*ATTILA*2/PASTOR
	TS, IR
	NDUAT, Ayodhya
	47.0
	64.2
	Yield

	76. 
	K 1006
	PBW343/HP1731
	TS, IR
	CSAUAT, Kanpur
	47.0
	65.4
	Yield

	77. 
	HD 3411
	HD2733*2t C306
	TS, IR
	IARI, New Delhi
	46.7
	65.8
	Yield

	78. 
	KRL 210
	PBW65/2*PASTOR
	Salt Affected
	CSRRI, Karnal
	33.7
	49.3
	Salt tolerance

	79. 
	KRL 213
	CNDO/R143//ENTE/MEX1-2/3/AEGILOPS SQ4ARROSA (TA4S)/4/WEAVER/5/2/* KAUZ
	Salt Affected
	CSRRI, Karnal
	32.5
	43.9
	Salt tolerance

	80. 
	HD 3086
	DBW14/HD2733//HUW468
	TS, IR
	IARI, New Delhi
	50.1
	61.0
	Yield

	Central Zone (CZ)

	81. 
	MP 3288
	DOVE/BUC/DL 788-2
	TS, RI
	JNKVV, Jabalpur
	35.3
	43.9
	DST

	82. 
	DBW 110
	KIRITAT/4/2*SERI*2/3/KAUZ*2/BOW//KAUZ
	TS, RI
	IIWBR, Karnal
	39.0
	50.5
	DST

	83. 
	UAS 466 (d)
	
	TS, RI
	UAS, Dharwad
	38.8
	62.5
	DST

	84. 
	DDW 47 (d)
	PBW34/RAJ1555/ /PDW314
	TS, RI
	IIWBR, Karnal
	37.3
	74.1
	DST

	85. 
	HI 8823 (d)
	HI 8709/HD 4676
	TS, RI
	IARI, RS, Indore
	38.5
	65.6
	DST

	86. 
	HI 8830 (d)
	HI 8713/HI 8663

	TS, RI
	IARI, RS, Indore
	40.4
	65.3
	DST

	87. 
	DDW 55 (d)
	PDW274/PDW314//HI8498
	TS, RI
	IIWBR, Karnal
	35.6
	56.5
	DST

	88. 
	CG 1036
	HW2004/PHS832
	TS, RI
	IGKVV, Bilaspur
	39.3
	60.4
	DST

	89. 
	HI 1655
	MACS 2496 / HI 1531
	TS, RI
	IARI, RS, Indore
	38.8
	59.8
	DST

	90. 
	HD 3407
	HD2932*3/3/HD2687*3//Cook*6/C80-1/4/
HD2932*3/3/HD2687*3//TR38014*7/3Ag#14/5/ HD2932*3//Avoc et S*6/Yr10
	LS, IR
	IARI, New Delhi
	46.7
	69.6
	HST

	91. 
	MP 3336
	HD 2402/GW 173
	LS, IR
	JNKVV, Jabalpur
	44.7
	64.4
	HST



Table: 5 List of climate-resilient wheat verities
	Central Zone (CZ)

	S. No.
	Variety
	Parentage
	Production Condition
	Developed by
	Yield (q/ha)
	Climate resilient trait

	
	
	
	
	
	Av.
	Pot.
	

	92. 
	Raj 4238
	HW 2021/RAJ3765
	LS, IR
	MPUAT, Durgapura
	45.5
	62.8
	HST

	93. 
	CG 1029
	HW 2004/ PHS 725
	LS, IR
	IGKVV, Bilaspur
	52.1
	94.9
	HST

	94. 
	GW 513
	PBW 559/WR 1873
	TS, IR
	SDAU, Vijapur
	58.5
	77.4
	HST

	95. 
	DBW 303
	WBLL1*2/BRAMBLING/4/BABAX/LR42//BABAX*2/3/
SHAMA*2/5/PBW343*2/KUKUNA*2//FRTL/PIFED
	IR, ES, HF
	IIWBR, Karnal
	58.3
	80.3
	HST

	96. 
	HI 1634
	GW 322/PBW 498
	LS, IR
	IARI, RS, Indore
	51.6
	95.7
	HST

	97. 
	DBW 187
	NAC/TH.AC//3*P VN/3/MIRLO/BUC/4/2*PASTOR/5/K
ACHU/6/KACHU (45th IBWSN-1316)
	IR, ES/TS
	IIWBR, Karnal
	60.3
	75.4
	HST

	98. 
	HD 2932
	KAUZ/STAR//HD2643
	LS, IR
	IARI, New Delhi
	42.0
	57.8
	HST

	99. 
	HI 8713(d)
	HD 4672 / PDW233
	TS, IR
	IARI, RS, Indore
	52.3
	68.2
	Yield

	100. 
	HI 8737(d)
	HI 8177/HI8158//HI 8498
	TS, IR
	IARI, RS, Indore
	53.4
	81.0
	Yield

	101. 
	HI 8759(d)
	HI8663/HI8498
	TS, IR
	IARI, RS, Indore
	56.9
	75.5
	Yield

	102. 
	MPo 1215(d)
	GW 1113/ GW1114//HI 8381
	TS, IR
	JNKVV, ZARS, Powarkheda
	48.6
	65.3
	Yield

	103. 
	HD 4728 (d)
	ALTAR84/STINT//SILVER 453/SOMAT 3.1/4/GREEN14/YAV 10/AUK
	TS, IR
	IARI, New Delhi
	54.2
	75.1
	Yield

	104. 
	HI 1636
	DL788-2/HW4032
	TS, IR
	IARI, RS, Indore
	56.6
	78.8
	Yield

	105. 
	HI 1650
	Giant-3/HI 1395
	TS, IR
	IARI, RS, Indore
	57.2
	73.8
	Yield

	106. 
	MASC 6768
	MACS 6221*2 // Raj 4037
	TS, IR
	ARS, Pune
	56.6
	92.4
	Yield

	Peninsular Zone (PZ)

	107. 
	HD 2987
	HI1011/HD2348//M ENDOS//IWP 72/DL153-2
	TS, RI
	IARI, New Delhi
	31.5
	38.6
	DST

	108. 
	HI 1605
	BOW/VEE/5/ND/VG9 144//KAL/BB/3/YACO /4/CHIL/6/CASKOR/3 /CROC_1/AE.SQUAR ROSA(224)//OPATA/ 7/PASTOR/MILAN/K AUZ/3/BAV92
	TS, IR
	IARI, RS, Indore
	29.1
	44.0
	HST&D

	109. 
	MASC 4028 (d)
	
	TS, RF
	ARS, Pune
	19.3
	28.7
	DST

	110. 
	NIAW 1415
	GW 9506/PRL//PRL
	TS, IR
	ARS, Niphad
	31.1
	38.2
	DST

	111. 
	HI 8777
	B93/HD4672// HI8627
	TS, RF
	IARI, RS, Indore
	18.5
	28.8
	DST

	112. 
	HI 8802
	HI8627/HI8653
	TS, RI
	IARI, RS, Indore
	29.1
	36.0
	DST

	113. 
	GW 1346
	GW 1236/ AR-063
	TS, RI
	ARS, AAU, Dhandhuka
	28.5
	40.4
	DST

	114. 
	NIDW 1149 (d)
	NIDW 295(Godavari) X NIDW 15 (Panchavati)
	TS, RI
	ARS, Niphad
	27.4
	36.8
	HST&D

	115. 
	HI 8805
	IWP 5070 / HI 8638// HI 8663
	TS, RI
	IARI, RS, Indore
	30.4
	35.4
	DST


Table: 6List of climate-resilient wheat verities
	Peninsular Zone (PZ)

	S. No.
	Variety
	Parentage
	Production Condition
	Developed by
	Yield (q/ha)
	Climate resilient trait

	
	
	
	
	
	Av.
	Pot.
	

	116. 
	MACS 4058
	MACS3125/AKDW299716//MACS3125
	TS, RI
	ARS, Pune
	30.6
	37.1
	DST

	117. 
	MP 1358
	KACHU*2/MUNAL#1/K1215
	TS, RI
	JNKVV, ZARS, Powarkheda
	30.9
	43.6
	DST

	118. 
	DBW 93
	WHEAR/TUKURU//WHEAR
	TS, RI
	IIWBR, Karnal
	29.3
	39.0
	DST

	119. 
	UAS 347
	(TOB/ERA/TOB/C NO67/#/PLO/$/VE E#5/5/KAUZ/6/FR ET2)/DWR162
	TS, RF
	USA, Dharwad
	18.4
	24.6
	DST

	120. 
	AKAW 4627
	AKAW 4627 AKAW 4627
	LS, IR
	PDKV, Akola
	39.0
	60.9
	HST

	121. 
	UAS 446 (d)
	DWR 185/ DWR 2006//UAS 419
	TS, RF
	UAS, Dharwad
	18.3
	24.4
	DST

	122. 
	NIAW 3170
	SKOLL/ROLF07
	TS, RI
	ARS, Niphad
	33.7
	44.3
	DST

	123. 
	HI 1633
	GW 322 / PBW 498
	LS, IR
	IARI, RS, Indore
	41.7
	65.8
	HST

	124. 
	HD 3090
	
	LS, IR
	IARI, New Delhi
	41.4
	63.1
	HST

	125. 
	DDW 48 (d)
	HI8498/PDW233/ /PDW291
	TS, IR
	IIWBR, Karnal
	47.4
	72.0
	HST

	126. 
	MACS 4100 (d)
	CBC 509CHILE/6/ECO/CM H76A.722//BIT/3/ALTAR84/4/AJAIA_2/5/KJOVE_1/7/ AJAIA_12/F3LOCAL(SEL.ETHIO.135.85)//PLATA_13/
8/SOOTY_9/RASCON_37//WODUCK/CHAM_3
	TS, IR
	ARS, Pune
	46.0
	61.8
	Yield

	127. 
	DBW 168
	SUNSU/CHIBIA
	TS, IR
	IIWBR, Karnal
	47.4
	70.1
	HST

	128. 
	HD 2932
	KAUZ/STAR//HD 2643
	LS, IR
	IARI, New Delhi
	43.3
	53.6
	HST

	129. 
	MACS 6222
	HD 2189*2//MACS 2496
	TS, IR
	ARS, Pune
	47.7
	60.9
	Yield

	130. 
	UAS 428
	GREEN-14/YAV- 10/AUK/UAS402
	TS, IR
	UAS, Dharwad
	48.0
	58.8
	Yield

	131. 
	UAS 304
	SERI/CEP80120//K AUZ/PBW343
	TS, IR
	UAS, Dharwad
	46.8
	59.9
	Yield

	132. 
	WHD 948
	Altar84/Stint/Silver
	TS, IR
	CCSHAU, Hisar
	46.5
	69.5
	Yield

	133. 
	MACS 6478
	CS/Th.sc//3* PVN/3MIR LO/BUC/4/MILAN/5/ TILH
	TS, IR
	ARS, Pune
	45.0
	65.7
	Yield

	134. 
	MACS 3949 (d)
	STOT//ALTAR84/AL D/3/THB/CEP7780// 2*MUSK_4
	TS, IR
	ARS, Pune
	43.9
	64.3
	Yield

	135. 
	HI 8826 (d)
	HI 8713/HI 8663
	TS, IR
	IARI, RS, Indore
	48.8
	73.7
	HST

	136. 
	HW 5216
	PBW343// HW3083
	TS, IR
	IARI, RS, Wellington
	45.6
	62.4
	DST




Release of climate-resilient wheat verities in India
The establishment of the 'All India Coordinated Wheat Improvement Project (AICWIP)' in 1965 with headquarters at IARI, New Delhi, marked a significant turning point in the development of climate-resilient wheat varieties. This initiative has yielded impressive results, with a total of 137 such varieties developed for different regions in India (Table 1-6): (12)
· Northern Hill Zone (NHZ): 6 varieties
· North Western Plains Zone (NWPZ): 51 varieties
· North Eastern Plains Zone (NEPZ): 23 varieties
· Central Zone: 26 varieties
· Peninsular Zone: 31 varieties
Furthermore, these varieties address various climate stresses:
· Drought and Heat Stress Tolerance: 8 varieties
· Drought Stress Resistance: 47 varieties
· Heat Stress Tolerance: 42 varieties
· Salt Stress Tolerance: 4 varieties
This breakdown highlights the targeted approach of AICWIP in developing climate-resilient wheat varieties specific to regional needs and challenges (13).
Birth of climate-resilient wheat verities
The story of climate-resilient wheat in India is closely tied to the Indian Council of Agricultural Research (ICAR) and the efforts of dedicated scientists. Dr. SanjayaRajaram, an acclaimed wheat breeder, played a pivotal role in developing wheat varieties that could thrive in the face of climate adversity.
Drought Tolerance: Parched fields are a major worry for Indian wheat growers. Thankfully, new wheat varieties are like superheroes with superpowers! They're bred with deep root systems that act like straws, reaching down into the earth to tap into hidden reserves of water during droughts, ensuring they can still thrive even when the rains fail.
Terminal Heat Tolerance: Indian scientists have addressed the challenge of heat stress, a major threat in a warming climate. They've developed wheat varieties with improved tolerance to high temperatures during the grain filling stage, ensuring better yields.
Salt Tolerance: Salinity in soil is a growing concern in some regions. By developing wheat varieties with enhanced salt tolerance, researchers are helping to ensure food security in these areas.
Pest Resistance: A warming climate means new troublemakers for wheat crops in the form of pests and diseases. But these climate-resilient wheat varieties are like ninjas! They're bred with built-in defenses to fight off these threats, reducing the need for chemical sprays and keeping our wheat fields healthy.
Adult Plant Resistance (APR) and Durable Rust Resistance (DRR):Rust diseases are a constant threat to wheat crops. Research has led to the development of wheat varieties with APR and DRR, which provide resistance against rust pathogens at later growth stages, leading to more robust harvests.
Karnal Bunt Resistance (KBR): This fungal disease can significantly reduce grain quality. Indian research has produced KBR varieties, safeguarding crops from this specific threat.
Reduced Water Requirements: Every drop counts in areas where water is precious.These climate-resilient wheat’s are water wizards! They're specially bred to be more efficient with water, needing less overall to produce a healthy harvest. This makes them a game-changer for farmers in drier regions.
Genetic Bio-fortification:Wheat is a staple food, but can lack essential micronutrients. Bio-fortification research focuses on developing wheat varieties with increased levels of vitamins and minerals, improving the nutritional profile of diets.
Breeding Techniques:
Hybridization: This traditional method of crossing different wheat varieties has been instrumental in creating improved lines with desired traits.
Mutation breeding:Wheat breeders can use mutations to introduce new genetic variation into existing wheat lines. This variation can be a source of beneficial traits like drought tolerance, pest resistance, or even higher yields. There are two main ways to induce mutations.
Speed Breeding: Speed breeding is a powerful tool that empowers scientists to develop climate-resilient wheat varieties at an unprecedented pace. This can significantly contribute to ensuring food security in a world facing a changing climate.
Transgenic and Gene Exchange: While not as widely used in India as some other techniques, research is exploring the potential of using genetic modification to introduce specific desirable traits into wheat varieties.
Benefits of climate-resilient wheat varieties
The adoption of climate-resilient wheat in India offers a myriad of benefits:
Enhanced Food Security: Climate-resilient wheat varieties ensure a stable and increased food supply, especially in regions prone to climate-related disruptions. It plays a vital role in reducing food scarcity.
Higher Yields: These wheat varieties often exhibit higher yields compared to traditional varieties, contributing to increased farmer income and overall agricultural productivity.
Reduced Water Usage: These wheat varieties are water wizards, requiring less water to produce a healthy crop. This is a game-changer in water-scarce regions and promotes sustainable agricultural practices.
Reduced Environmental Impact: The reduced need for chemical pesticides and efficient water use contribute to a more sustainable and environmentally friendly agriculture.
Improved Livelihoods: Farmers who have embraced climate-resilient wheat report more secure livelihoods and reduced vulnerability to climate-related losses.
Crop Diversification: By offering a crop that can withstand climate challenges, farmers can diversify their crops, reducing the risk associated with relying solely on traditional wheat varieties.
In essence, climate-resilient wheat varieties offer a multi-pronged approach to tackling the challenges posed by climate change. They empower farmers, ensure food security, and promote a more sustainable agricultural future.
Success storiesclimate-resilient wheat varieties
The development of climate-resilient wheat varieties isn't just theoretical; it's leading to real-world improvements for farmers and consumers alike. Here are a couple of inspiring success stories:
Bolstering Food Security in India:
India is a major wheat producer, but erratic rainfall and scorching temperatures threatened harvests. Scientists rose to the challenge, developing drought-tolerant varieties with deep root systems that access precious water reserves during dry spells. This has led to increased wheat production in regions like Maharashtra, a testament to the effectiveness of climate-resilient wheat varieties.
Heat-Tolerant Triumph in Haryana:
Haryana, a state in India known for its scorching summers, has seen a significant rise in wheat production thanks to the adoption of heat-tolerant wheat varieties. These varieties can withstand high temperatures, preventing yield losses that were previously common. This success story demonstrates the ability of climate-resilient wheat varieties to adapt to specific regional challenges.
Pest-Resistant Wheat in Punjab: In Punjab, where the rice-wheat cropping system is prevalent, climate-resilient wheat has reduced the need for chemical pesticides, leading to healthier ecosystems and reduced environmental pollution.
These are just a few examples, and research continues to develop even more robust wheat varieties. The future of wheat looks brighter with these climate-resilient heroes on the frontlines!
Challenges and future prospects
While climate-resilient wheat offers a powerful weapon against the threats of climate change, there are still hurdles to overcome and exciting possibilities for the future:
Challenges:
· Adoption by Farmers: Spreading awareness and ensuring the accessibility of these new varieties to farmers, especially small-scale ones, is crucial. Training and education programs can help farmers understand the benefits and proper cultivation techniques.
· Distribution and Infrastructure: Effective distribution networks and infrastructure are needed to deliver these seeds to farmers in diverse regions.
· Consumer Acceptance: In some cases, there might be concerns about the safety or taste of new varieties. Addressing these concerns through education and public outreach is important.
· The Ever-Changing Climate: Climate change is a moving target. Scientists need to continuously develop new varieties that can adapt to evolving weather patterns and emerging threats.
Future Prospects:
· Gene Editing for Enhanced Traits: Advanced techniques like CRISPR gene editing hold promise for even more precise tailoring of wheat varieties for specific climate challenges.
· Breeding for Multiple Resistances: Future research can focus on developing wheat varieties resistant to a wider range of pests, diseases, and environmental stresses.
· Integration with Data Analytics: Utilizing big data and advanced analytics can help optimize breeding programs and predict future climate scenarios for even more targeted solutions.
· Public-Private Partnerships: Collaboration between governments, research institutions, and private seed companies can accelerate the development and distribution of climate-resilient wheat varieties.
By addressing the challenges and embracing future possibilities, climate-resilient wheat has the potential to become a cornerstone of global food security in a changing climate.In the future, continued research and development efforts are essential to create even more resilient wheat varieties. Collaboration between scientists, policymakers, and farmers will be pivotal in expanding the adoption of climate-resilient wheat across India.
Conclusion: A Brighter Future with Climate-Resilient Wheat
Climate change casts a long shadow on wheat production, a staple crop for billions. However, the development of climate-resilient wheat varieties offers a powerful ray of hope. These wheat varieties with their enhanced tolerance to drought, heat, and pests, represent a significant step towards ensuring food security in a changing world. The benefits extend beyond just stable yields. Climate-resilient wheat varieties empower farmers, promote sustainable water usage, and potentially increase overall agricultural productivity. Success stories like those in India showcase the real-world impact of these innovations. Challenges remain, including ensuring farmer adoption, efficient distribution networks, and continuous adaptation to the evolving climate. However, the future prospects are bright. Advanced breeding techniques, data analysis, and public-private partnerships hold immense potential for further refinement and wider deployment of these climate warriors. 
In conclusion, climate-resilient wheat is not just a technological marvel, but a vital tool for building a more resilient and sustainable food system. By embracing these innovations, we can secure a brighter future where bountiful wheat harvests continue to nourish generations to come.
Reference 
1. Anonymous (2016). Status paper on Wheat. Directorate of wheat development, Ministry of agriculture (deptt. of agriculture and coopn.).
2. Arun Gupta, Vineet Kumar, Pradeep Kumar, Rajinder Pal, Gurudyal, Charan Singh, BS Tyagi, and Gyanendra Singh. 2023. Compendium of Wheat Varieties Notified in India during 2018-2023. Research Bulletin No. 51, ICAR- Indian Institute of Wheat & Barley Research, Karnal- 132001, India: pp 32
3. Adams ML, Lombi E, Zhao FJ, McGrath SP, 2002. Evidence of low selenium concentrations in UK bread-making wheat grain. Journal of the Science of Food and Agriculture, 82: 1160–1165.
4. Fraley RT, 2003. Improving the nutritional quality of plants. In: Vasil IK (ed) Plant biotechnology 2002 and beyond. Kluwer, Dordrecht, pp 61–67.
5. Shewry PR, Powers S, Field JM, Fido RJ, Jones HD, Arnold GM, West J, Lazzeri PA, Barcelo P, Barro F, Tatham AS, Bekes F, Butow B, Darlington H, 2006. Comparative field performance over three years and two sites of transgenic wheat lines expressing HMW subunit transgenes. Theoretical and Applied Genetics, 113: 128–136.
6. Topping D, 2007. Cereal complex carbohydrates and their contribution to human health. Journal of Cereal Science, 46:220–229.
7. ICAR-IIWBR 2023.Director’s Report of AICRP on Wheat and Barley 2022-23, Ed: Gyanendra Singh. ICAR-Indian Institute of Wheat and Barley Research, Karnal, Haryana, India. P.90.
8. Elahi, I., Saeed, U., Wadood, A., Abbas, A., Nawaz, H., &Jabbar, S. (2022). Effect of Climate Change on Wheat Productivity. IntechOpen. doi: 10.5772/intechopen.103780.
9. Rose G, Osborne T, Greatrex H, Wheeler T. Impact of progressive global warming on the global-scale yield of maize and soybean. Climatic Change. 2016;134(3):417-428
10. Rogelj J, Den Elzen M, Höhne N, Fransen T, Fekete H, Winkler H, et al. Paris Agreement climate proposals need a boost to keep warming well below 2 C. Nature. 2016;534(7609):631-639
11. Fuhrer J. Agroecosystem responses to combinations of elevated CO2, ozone, and global climate change. Agriculture, Ecosystems & Environment. 2003;97(1-3):1-20.
12. Arun Gupta, Vineet Kumar, Pradeep Kumar, Rajinder Pal, Gurudyal, Charan Singh, BS Tyagi, and Gyanendra Singh. 2023. Compendium of Wheat Varieties Notified in India during 2018-2023. Research Bulletin No. 51, ICAR- Indian Institute of Wheat & Barley Research, Karnal- 132001, India: pp 32
13. Mamrutha HM, Rinki, Gupta A, Gupta V, Kumar A, Kumar V, Rani P, Kumar P, Tyagi BS, and Singh G (2024). Climate Resilient Wheat Varieties, ICAR-Indian Institute of Wheat and Barley Research , Karnal-132001 (Haryana). Technical Bulletin 34 Page56.
14. de Sousa, T., Ribeiro, M., Sabença, C., & Igrejas, G. (2021). The 10,000-Year Success Story of Wheat! Foods, 10(9), 2124. https://doi.org/10.3390/foods10092124
15. Bangar, S. P., Kajla, P., & Ghosh, T. (2023). Valorization of wheat straw in food packaging: A source of cellulose. International Journal of Biological Macromolecules, 227, 762-776.
16. Kamble, U., Mishra, C. N., Govindan, V., Sharma, A. K., Pawar, S., Kumar, S., ... & Singh, G. (2022). Ensuring nutritional security in India through wheat biofortification: a review. Genes, 13(12), 2298.
17. Udhayan N., A. D. Naik & G. M. Hiremath. (2023). An Economic Analysis of Wheat Cultivation in North-Karnataka, India. International Journal of Plant & Soil Science, 35(20), 939–945. https://doi.org/10.9734/ijpss/2023/v35i203887
18. Choudhary, H., Dave, P. P., Parvez, N., Raghuvanshi, P. S., Lal, B., Singh, S., Rathore, R., Singh, R. K., Zulapi, R., & Verma, A. (2022). Assessing the performance of farmers’ wheat (Triticum aestivum L.) varieties for yield and its attributing traits under organic cultivation. Journal of Experimental Agriculture International, 44(12), 48–55. https://doi.org/10.9734/jeai/2022/v44i122077
19. Rahman, M. M., Crain, J., Haghighattalab, A., Singh, R. P., & Poland, J. (2021). Improving wheat yield prediction using secondary traits and high-density phenotyping under heat-stressed environments. Frontiers in plant science, 12, 633651.
20. Kasemsap, P., & Bloom, A. J. (2022). Breeding for higher yields of wheat and rice through modifying nitrogen metabolism. Plants, 12(1), 85.

