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3.1	Introduction

Wheat rusts remain one of the most important production challenges for wheat in the highlands and the country suffered from periodic rust epidemics as recently as 2010 (yellow rust) and 2014 and 2015 (stem rust) as shown in the previous chapters. The development and deployment of resistant varieties has been the major strategy to control rusts of wheat worldwide. While resistance conditioned by major genes has been most widely used breeding strategy pyramiding of several genes into a single cultivar is an attractive breeding strategy since it reduces stepwise accumulation of virulence by the pathogen against each gene. The alternative is the development and deployment of cultivars carrying durable or slow rusting resistance based on quantitatively inherited, multiple genes referred to as adult plant resistance.

In Ethiopia, as stated earlier, ICARDA in partnership with CIMMYT and EIAR formulated and implemented two successive projects with focus on stem and yellow rust, which complimented and reinforced each other in order to avert the risks and losses associated with the cultivation of susceptible bread wheat cultivars. The paper presents the achievement made in fast-track variety testing and release of rust-resistant varieties under national wheat research program to ensure the availability of new high yielding resistant varieties for replacement of existing susceptible commercial varieties.

3.2	Variety Development, Evaluation and Release

The procedure for variety development, testing and release in Ethiopia is presented in Figure 3.1. Accordingly, two approaches are used where adaptation testing for fast tracking release in response to emergency situation or regular testing for release as per the national requirements stipulated in Seed Proclamation. 

Adaptation testing is the approach for fast track testing and release where introduced germplasm with desired traits were directly tested for one-year multi-location trials across major agro-ecologies and released based on performance. In regular program, advanced lines from international and national sources go through multi-year and multi-location trials before they are released for commercial cultivation.

The research strategy against the threat of wheat rusts anchored on:

· introducing, testing and releasing of rust-resistant varieties from different sources including CG centers and NARS; 
· screening national germplasm (old varieties, commercial varieties, promising lines, breeding materials) for resistance against rusts in hot spots; 
· identifying resistance genes that are effective against rusts that carries durable resistance through molecular tools; and
· incorporating diverse resistance genes into adapted cultivars and evaluating them in hot spots to develop new high yielding varieties. 
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Figure 2.1. Variety development, evaluation and release in Ethiopia 
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3.2.1	Fast-track variety testing and release

Ethiopia is known for frequent outbreak of rust epidemics specially stem and yellow rusts in recent years. In recent years, the emergence and quick spread of Ug99 and its variants of stem rust coupled with the yellow rust epidemics in 2010 in Africa and Asia including Ethiopia posed serious threats to food and nutritional security at global, regional and country levels. In parallel with conventional breeding program (Figure 3.1a), fast-track variety testing and release was followed to quickly release resistant varieties within shortest possible period of time. Under this scheme, wheat germplasm with known resistance to rusts through hot spot testing and high yield potential through key location testing were identified and introduced for in-country adaptation trials for shortest possible period of time. The germplasm introduced can go through different trials for release. It either enters one year adaptation trial and advanced to the National Variety Trial (NVT) through regular procedure or directly enter Variety Verification Trial(VVT), where the two trials (NVT and VVT) can run in parallel (Figure 3.1b). The process may reduce the time required for release to one year combining the NVT and VVT

From the outset, to counter the threat of Ug99, several accessions have been screened in stem rust hotspot in Kenya and shared globally with NARS through CIMMYT and ICARDA as part of Elite Bread Wheat Yield Trials (EBWYT) and Stem Rust Resistance Screening Nurseries (SRRSN). Under this initiative on stem rust a regional project was launched in 2008/09 where germplasm of resistant varieties with higher grain yields were distributed and evaluated across Africa and Asia. In Ethiopia, five promising lines (Chonte #1, Danphae #1, Picaflor #1, Quaiu#1 and Munal) from CIMMYT and three promising lines (Flag 3, Flag5 and Amir 2) from ICARDA were introduced and tested during the off-season (stem rust hot spot in Debre Zeit) and for adaptation across the country during the 2009/10 main season (Table 3.1). The ‘adaptation’ testing led to the immediate release of four varieties in 2010 and 2011 from original eight promising lines and followed with subsequent release of other varieties with combined resistance to stem and/or yellow rust over the years (Table 3.2). 


3.2.2	Regular variety testing and release

Under the regular program nurseries from national crossing blocks or international sources go through several stages of screening and evaluation before submission for release. These include observation nurseries, preliminary yield trials, national yield trials and verification trials. The process requires at least four to five years (Figure 3.1a). 

a) Evaluation of international nurseries
The use of wheat germplasm with diverse genetic background is critical to develop high yielding and disease resistant varieties. Cognizant of this fact large number of wheat germplasm with diverse genetic background were introduced from ICARDA and CIMMYT and evaluated under the regular breeding program from 2011/12 to 2014/15 (Table 3.1). Apart from grain yield, resistance to stem and yellow rusts were the two main traits given due emphasis in the evaluation program.

Table 3.1. Number of bread wheat nurseries evaluated from 2011/12 - 2014/15 crop season
	Year
	# nurseries evaluated
	Germplasm source
	# entries evaluated
	#. entries retained for further testing
	% of lines selected

	2011/12
	16
	ICARDA, CIMMYT
	1983
	698
	35.2

	2012/13
	28
	ICARDA, CIMMYT
	3403
	441
	13.0

	2013/14
	24
	ICARDA, CIMMYT
	3505
	874
	24.9

	2014/15
	14
	ICARDA, CIMMYT
	1722
	472
	27.4

	Total
	
	
	10613
	2485
	23.4



A total of 10,613 genotypes were evaluated at Kulumsa and Debreziet Agricultural Research Centers both during the main and off seasons. Disease resistance is the first prioritized breeding trait to select and advance genotypes during the first year screening of all international nurseries, for. About 2485 genotypes (23.4%) were advanced to different level of variety trials (Table 3.2). Access to large number of germplasm provided opportunities to select genotypes having high yield and combined resistance and adapted to major wheat producing regions of the country within shortest period of time.


b) Variety testing and release
Advanced genotypes from national and/or international nurseries go through series of observation nursery, preliminary and national yield trials before submission for final release. Promising lines with outstanding performance could be proposed for variety verification trial. A variety verification trial will be conducted by NARS and evaluated by the technical committee with the recommendation to the National Variety Release Committee for final approval. Sufficient descriptive morphological information of the candidate varieties is provided by the breeders. The release system is dependent on performance testing conducted by the agricultural research and approved by variety release committee. 

Increasing the number of genotypes in different yield trials was also taken as a strategy to increase the probability of genetic gain (Table 2). Moreover, for yield performance and yield stability, genotypes were evaluated in more location across the country than previous scenario to augment fast track variety testing and release. 

Table 3.2. National wheat yield trials conducted from 2011 – 2014 crop seasons

	Trials
	2011/12
	2012/13
	2013/14
	2014/15

	
	# Set
	# Entry
	# Set
	# Entry
	# Set
	# Entry
	# Set
	# Entry

	ON
	3
	384
	5
	584
	5
	638
	4
	441

	PVT
	4
	112
	14
	328
	6
	185
	4
	120

	NVT
	8
	114
	9
	185
	9
	221
	4
	125

	VVT
	1
	2
	-
	-
	2
	5
	1
	1

	Total
	16
	612
	28
	1098
	22
	1049
	13
	687


Note: ON= Observation Nursery, PVT=Preliminary Variety Trials, NVT=National Variety Trials and VVT=Variety Verification Trials

Several wheat varieties have been identified and released from the Federal and Regional Agricultural Research Institutes (Table 3.3). However, due to low yield and susceptibility to rust and other disease very few of them are now under production. Hence, genotypes under different yield trials were evaluated strongly for multiple disease resistance in key disease screening nursery in hot spot areas. 
 

Table 3.3 Bread wheat varieties released through fast track and regular program

	Variety
	Source
	Year released
	Remarks

	Danda’a
	CIMMYT
	2010
	Combined resistance to Ug99 and Yr

	Kakaba
	CIMMYT
	2010
	Combined resistance to Ug99 and Yr

	Gambo
	CIMMYT
	2011
	Combined resistance to Ug99 and Yr

	Hoggana 
	ICARDA
	2011
	Combined resistance to Ug99 and Yr

	Shorima
	ICARDA
	2011
	Combined resistance to Ug99 and Yr

	Hulluka
	ICARDA
	2012
	Combined resistance to Ug99 and Yr

	Hidase
	CIMMYT
	2012
	Combined resistance to Ug99 and Yr

	Ogolcho
	CIMMYT
	2012
	Combined resistance to Ug99 and Yr

	Adel-6
	ICARDA
	2013
	Irrigated and heat tolerant

	Lucy
	ICARDA
	2014
	Irrigated and heat tolerant

	Mandoyu
	ICARDA
	2014
	Rust-resistant

	Senate
	ICARDA
	2014
	Rust-resistant

	Biqa
	ICARDA
	2014
	Rust-resistant

	Honqollo
	ICARDA
	2014
	Rust-resistant

	Obora
	ICARDA
	2015
	Rust-resistant

	Dambal
	ICARDA
	2015
	Rust-resistant



Variety development and seed production strategies followed a decentralized approach that comprises of federal and regional agricultural research institutes and federal and regional public seed producers. 

3.3	Accelerated pre-release seed multiplication and maintenance

3.3.1 Pre-release seed multiplication
Availability of early generation seed remains a critical issue in seed multiplication of new rust-resistant varieties. The project initiated pre-release seed multiplication of rust-resistant promising lines identified during the NVT or candidate varieties during the adaptation testing or VVT in order to accelerate the availability of early generation seed while these lines were undergoing variety trials for release. The NWRP multiply candidate promising lines both during the main and off-season at Kulumsa and Werer ARC to shorten the time and maximize the availability of basic seed stock (Table 3.4). These enabled immediate accelerated large-scale seed production by the time the varieties are officially released. In addition, low seed rate to increase the multiplication of initial seed source were applied. The seeds of newly released varieties multiplied at pre-release stages were also grown at Kulumsa for further multiplication and enough seeds were produced for off-season seed multiplication.

Table 3.4. Pre-release seed multiplication of promising lines from 2009/10-2013/14 crop season

	Lines (Varieties)
	
	Amount of seed produced (t)

	Lines 
	Seed Source
	2009
	2010/11
	2011/12
	2012/13
	2013/14
	Total

	Chonte #1 
	CIMMYT
	2.8
	25.9
	 
	 
	 
	28.7

	Danda’a (Danphe #1)
	CIMMYT
	4
	29.35
	 
	 
	 
	33.35

	Munal #1
	CIMMYT
	5
	15.502
	 
	 
	 
	20.502

	Kakaba (Picaflor #1) 
	CIMMYT
	3.7
	43.01
	 
	 
	 
	46.71

	Gambo (Quaiu #2)
	CIMMYT
	4.5
	19.55
	 
	 
	 
	24.05

	Shorima (ETBW5483) 
	ICARDA
	0.135
	 
	 
	 
	 
	0.135

	Hulluka (ETBW5496)
	ICARDA
	0.2
	 
	 
	 
	 
	0.2

	Hoggana (ETBW5780)
	ICARDA
	1.95
	 
	 
	1.5
	 
	3.45

	Ogolcho (ETBW5520)
	CIMMYT
	 
	 
	 
	1.5
	 
	1.5

	Hidasse (ETBW5795)
	CIMMYT
	 
	 
	 
	 
	 
	0

	Honqollo (ETBW5879)
	ICARDA 
	 
	 
	 
	 
	1.75
	1.75

	Biqa (ETBW 6095)
	ICARDA
	 
	 
	 
	 
	1
	1

	Others (3/7/2)*
	ICARDA
	2
	0.781
	 
	 
	1.93
	4.711

	Total
	24.285
	134.093
	0
	3
	4.68
	166.058


Note: In addition, King Bird bread wheat variety resistance to stem rust was introduced from Kenya and 90 t of seed was produced through CIMMYT support

3.3.2 Micro increase of breeding lines 
The project supported micro-seed increase of promising lines to accelerate variety evaluation and release which otherwise would be delayed due to shortage of sufficient seed to conduct national multi-location variety trials and verification trials. In 2012/13, micro increase of 169 breeding lines (10 m x 0.8 m) was undertaken and about 3 kg each was produced (489 kg). Similarly, in 2013/14, micro-seed increase of 57 advanced breeding lines was undertaken and 456 kg seed was obtained for trials. In 2014/15, a total of 50 promising lines were selected for micro seed multiplication.


3.3.3 Variety maintenance of released varieties
The National Wheat Improvement Program at KARC is responsible to provide seed request coming from users both for nationally and regionally released varieties. The project supported variety maintenance of released varieties to ensure varietal purity and identity of early generation seed. From 2011/12 to 2014/15 a considerable number of wheat varieties were maintained and breeder seed was produced (Table 3.5). 

Table 3.5. Variety maintenance of rust-resistant bread wheat varieties at Kulumsa (2011/12-2014/15

	Year
	Number of varieties
	Amount produced (t) 

	2011/12
	44
	3

	2012/13
	16
	2.8

	2013/14
	10
	0.51

	2014/15
	46
	2.3



3.4	Lessons learned

Introduction and adaptation testing for fast tracking variety release: Advanced breeding lines or released varieties with proven resistance of rusts were introduced and entered directly into multi-location variety trials and released within one year. Some of the released varieties have combined resistance to both stem and yellow rust and proved useful in replacing mega varieties found susceptible to rusts in the country.

Targeted breeding to address rust problems: In all breeding programs, grain yield is virtually a priority trait for release of varieties. While grain yield was a major objective of the breeding program, equal emphasis was given on resistance to rusts for release of new varieties.
.
Pre-release multiplication of candidate varieties: To make available sufficient amount of seed for further multiplication the project employed preleased seed multiplication during the main and off-seasons. 

Raising awareness of rusts: NARS in collaboration with the Ministry of Agriculture raised the awareness of wheat rusts in the farming sector. Farmers are being encouraged to replace and diversify the wheat varieties they grow. The awareness led to dramatic shift in resistant cultivars use by the farmers and coupled with good surveillance and preparedness of rust epidemics and availability of chemicals for control.

3.5	Conclusion

In the late 1990s the average age of varieties being used in farmers’ fields was greater than 14 years. However, after the strategies developed for fast-track variety development and seed multiplication, susceptible wheat varieties were replaced in shortest possible time. This project strengthened the national wheat breeding program and assisted in the development, testing, and release of rust-resistant varieties. It adopts novel approaches of fast-track variety development and pre-release seed multiplication strategy that significantly shortens the time lag between variety release and availability of quality seeds directly in the hands of farmers to combat the rapidly evolving stripe rust. 

Generally, fast-track variety development and pre-release seed multiplication of rust-resistant varieties in Ethiopia was successfully tackling Ethiopia’s wheat stripe rust epidemic - a highly destructive crop disease that threatens national wheat production and is spreading more rapidly due to climate change. As a result, it protecting Ethiopian farmers from crop losses and helping them to raise their production, achieve high incomes, and strengthen national food security. 

The project worked closely with other wheat projects including EAAPP, DRRW/CIMMYT and SARD-SC (ICARDA) where the germplasm were valuated. The wheat team received the National Science, Technology and Innovation certificate for outstanding recognition and achievement for the problem solving research. The Gene Stewardship Award in 2014 by BGRI in recognition for the effort/success to combat rusts shows the success for Ethiopia, the East Africa region and the world at large.
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