
Developing summer-
dormant tall fescue for the 
southern Great Plains 





 Persistence is the major 
constraint of growing tall   
fescue in south-central USA  

 
   40-60% stand loss in a year 

Drought 
tolerance 

Summer 
dormancy 

Improve 
persistence 



Three distinct morphotypes of tall fescue 



Summer 

Mediterranean Tall Fescue  
Contains high levels of summer dormancy 



Key 
environmental 
factors for 
Summer 
dormancy? 



Genotypes and conditions evaluated 
Three genotypes with known phenotype: 
 Summer active (SA) 
 Strongly summer dormant (SSD) 
 Moderately summer dormant (MSD) 
 
Daylength and temperature 
 Short day (SD, 10 h)  
 Long day (LD, 16 h) 
 High temperature (HT, 34°C)  
 Optimum temp. (OT, 24°C)  
 
Moisture and vernalization 
 Well watered (+W)  
 Water stressed (-W)  
 Vernalized (+V) 
 Non-vernalized (-V) 

Three genotypes in same pot 



Growth chamber conditions 

Chamber 1 

Long day, high temperature Short day, high temperature 

Long day, optimum temperature Short day, optimum temperature 

Chamber 2 

Chamber 3 Chamber 4 

+V -V +V -V 

-W +W 

+V -V +V -V 

-W +W 

+V -V +V -V 

-W +W 

+V -V +V -V 

-W +W 



Water stress in optimum temperature conditions 

SD+OT 
+W+V 

SD+OT 
+W-V 

SD+OT 
-W+V 

SD+OT 
-W-V 

Without water With water 

Water is not a 
critical factor for  

summer 
dormancy 

          Before top watering                    After top watering  

SA 

SSD 

MSD 

SA 

SSD 

MSD 

Long day and -W 



Key factor for dormancy induction 

Dormancy response 
could be phenotyped 

by comparing growth of 
plants under optimal 
(SD, OT,+W, and +V) 

versus dormancy 
inducing (LD, OT, +W, 
and +V) conditions 

Dormant genotypes grew significantly less than the active for: 
 - number of tillers (5.6 vs. 15.8) 
 - leaf elongation (44.3 vs. 52.1 days) 
 - fresh weight (6.0 vs. 16.0 g)  
 - dry weight (3.1 vs. 8.8 g)  
under long day, optimum temperature, +W, and +V conditions 



Validation of the concept in a segregating population 

• Distinct parental growth (reduced growth of 
dormant parent under LD, OT, +W, and +V)  

• Transgressive segregation in the population 
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Similar plant characteristics 
Difficult to distinguish morphologically 

Nuclear and chloroplast genome specific 
markers used for identification 

Sequences of chloroplast specific markers 
showed additions, deletions and substitutions 

Marker development 



Morphotype specific chloroplast primers 
• Four primer pairs identified which can clearly distinguish the Continental and 

Mediterranean morphotypes 

• Primer NFTCHL045 has a 47 bp deletion in the Continental materials and can be 
differentiated in agarose gel 

DNA from all tall fescue plants collected from a field at Ardmore, OK posses 
the 47 bp deletion fragment correspond to Continental morphotype 
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47bp deletion in 
DNA sequence 

NFTCHL045 was used to classify tall fescue  collection 

Noble Foundation Forage Analysis core facility included 
the NFTCHL045 primer assay in their services 



• Very similar relationships among the Fescue grasses 
were obtained from the SSR-STS marker analysis 

Chloroplast genome based phylogeny 
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Genetic loci controlling summer dormancy 



Development of a mapping population 

• Dormant plants 
selected from 
Flecha field 

• Re-grown in 
greenhouse 

• Selected most 
dormant plant 

Flecha MaxQ 

R43-64, parent of another 
population selected as the 
summer active parent 

Parental selection 
Bi-parental crossing 



Construction of parental linkage maps 

nffg107-247
nffg107-251
nffg219-264
nffg282-254
nffg413-256
nffg457-248
nffg219-260
nffg457-252
nffg413-260
nffg282-258
nffa383-358
nffa383-365
loPt-558568
nffa715-478
nffa715-471

nffa694-116
loPt-558676
nffa859-173
nffg111-230
nffg111-210
cnl039-253
nffa346-300
loPt-555101
nffa815-120
nffa862-196
loPt-355938
nffa862-205
nffg147-129
nffa739-113
nffa043-233

loPt-556840

nfmf055-185

1

nfmf016-211
nffa030-209
nfmf120-159
nfmf178-156
nfmf189-174
loPt-557783
loPt-557330
nffa289-153
loPt-555804
loPt-560126np
nfmf016-225
loPt-555839
ctg012-325
ctg012-326
nffa788-308
nffa788-302
nffa788-305
nffg156-172
nffg197-192
nfmf176-156
loPt-557515
loPt-562301
nffa034-232
nffg006-168
nffa034-247
nffa826-158
nffa602-160
nffa730-197
nfmf229-157
nfmf186-188
nffg679-165
nffa730-191
nffa695-263
nfmf229-169
nfmf186-215
loPt-557595
loPt-561473
nffa691-323
nffa692-204
nffa692-194
nffa691-312
nffa233-200
nffa234-200
nffg182-155
nffg182-139
loPt-557916
nfmf103-159
nffa809-138
nfmf103-156
nfmf220-173

2

nfmf099-378
loPt-562691
nfmf055-179
loPt-560869
loPt-560758
nffa869-285
loPt-562199
nffa607-162
loPt-558699np
nffa868-246
nffa864-332
nffa864-310
nffa802-489
nffa802-451
loPt-356086
nffg324-186
loPt-555472
nfmf130-160
nffa346-333
nffa346-334
nffg236-181
loPt-556580
nffa681-298
loPt-561835
nffa681-292
loPt-562440
loPt-355852
nffg483-238
nffg236-195
loPt-555707
loPt-557071
nffa129-238
loPt-555270
loPt-559750
nffg405-151
loPt-555080
loPt-356356np
nffa660-206
loPt-556778
nffa855-172
loPt-556448np
loPt-560316
nffa611-145

3

loPt-555541np

nffg042-170

nffa602-184
nffa826-176
loPt-560565
nffa602-178

nfmf050-185

cnl151-172
loPt-555703
ctg035-331
nffa648-229
nfmf200-173
loPt-555092
loPt-558071
loPt-355814
nffg405-114
loPt-557982
loPt-557486
nffg331-168
loPt-557559
loPt-557522
nffg330-190
loPt-555749
nffg135-236
nffg493-218
loPt-556468
nffa877-145
loPt-356343np
loPt-561740
loPt-555797
nffa635-337
nffa787-461
loPt-557288
loPt-556241
nffa634-358

4

loPt-555834np

loPt-560783
loPt-562401

nffa654-379
nffa205-378
nffa247-294
nffa206-348
nffa205-381
nffa654-382
nffg305-189
nffg106-180
nffg305-187
nffg106-178
nffg423-246

nffg330-225

nffg330-229

nffg026-175
nffg325-132

nfmf094-247

nffa658-245

nffg505-192

loPt-356383
loPt-556134

loPt-555874

nffg391-148

5

loPt-557464

loPt-558841
loPt-558574np
nffa599-212
loPt-558745
loPt-556114
nffg416-124
nffg377-161
loPt-356224np
loPt-562657
ctg010-144
nffg325-119
nffa635-439
nffa635-438
nffg164-160
nffg175-163
loPt-558630np
nffa617-113

nffa635-411

nffa787-536

6

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

105

R43-64 map 

• R43-64 map: length 1509 cM, total loci 541, density  2.79 cM/marker 
• 103-2 map: length 1044 cM, total loci 141, density 7.41 cM/marker  

• Mapping population was genotyped with SSR, STS, and DArT markers 
• Parental maps were constructed following CP model of JoinMap 4.0 



Field evaluation of NFTS06 population 

208 genotypes and parental ramets evaluated in 

replicated trials at two locations 

Segregation for senescence can be 
observed in extreme weather conditions  



Phenotyping summer dormant mapping population 
Plant height distribution at Research Park , Ardmore, Okla.  
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Parental  distribution 

• Both the parents grew 
equally in June 

• Summer dormant parent 
didn’t grow in August but 
actively grew in December 



QTL for plant height on Agrfa103-2 map 

August 2011 (no growth on dormant genotypes) 

Linkage groups 



Parents 

Chain cross 10 hybrid 
progeny for each of the 

10 families 

1 

x x x x x x x x x 

x 

Agrfa 103-2 

… 

2 3 4 5 16 17 18 19 20 

1 2 100 
20 individual genotypes x 10 F1 parents 

= 200 individuals per F2 population 

F1 generation 

F2 generation 

200 individuals x 20 F2 populations = 4000 
individuals in the NAM population 

1 2 3 4 5 6 7 8 9 10 

----- 

Crossing program to develop a NAM population of 
4,000 genotypes 

Recurrent Parents 



NFTF1700 
NFTF1800 Flecha MaxQ 

Summer-dormant breeding population evaluations 

• Summer-dormant breeding populations have been developed 
at the Foundation 

• Populations evaluated at multiple locations in TX and OK 

• NFTF1800 had the best stand at Burneyville, OK 
• NFTF1700 ranked top at Vernon, TX  
• Across locations, NFTF1700 ranked #1 
• Plant stand of Flecha was statistically identical 



Summary 
• Summer-dormant tall fescue has great potential in the 

southern Great Plains  

• Long day is critical for inducing summer dormancy  

• Morphotype specific molecular markers have developed  

• Identification of QTLs associated with summer dormancy 
is in progress  

• Summer dormant breeding populations developed at the 
Foundation showed their promise in the region 
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