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Awn

Lemma

Palea

Developing grain

Glume

…could contribute from 10 to 80% of the assimilates deposited in 
grains (Kriedemann 1966; Evans and Rawson 1970; Araus et al. 1993; Maydup et al. 2010; 

Sanchez-Bragado et al., 2014)

…delayed chlorosis (Abbad et al. 2004), ability to maintain a better 
water status under drought (Tambussi et al. 2005) and capacity to 
safeguard seed-filling when leaf area is reduced (Maydup et al. 2010). 

…uses respiratory CO2 made available by grain respiration, 
increasing transpiration efficiency (Araus et al. 1993; Bort et al. 1996).

…high SP has been suggested as an important trait in the 
conceptual model for yield potential, heat and drought (Reynolds et al.

2005, 2011; Cossani & Reynolds 2012).

…intercept between 20 to 40% of the light during grain filling
(López-Castañeda et al., 2014)

…its contribution to grain yield shows genetic variation (Molero et al., 

2014)

Introduction: Spike Photosynthesis

60-70% CO2 refixed by green pericarp,  lemma and  glume (Knoppik et al., 
1986; Gebbing and Schnyder, 2001) 



Morphological diversity of spikes

Introduction: Spike Photosynthesis

Spike diversity in BW panel



Tools developed at CIMMYT

Direct Measurements with… Indirect Measurements with …

LI-6400XT

 Spike illumination chamber

Spike Photosynthetic Rate

 Photosynthesis inhibition treatments

• Textile 

Spike Photosynthesis Contribution



Years* Env n SPR SPC

PADs POP 2012 & 2013 YP 12 12 12

CIMCOG I-Subset 2012 & 2013 YP 30 15 30

CIMCOG II 2014 & 2015 YP 60 16 60

RILs Atil/dicoccum-YP 2012 & 2014 YP 95 2 (parents) 95

RILs Atil/dicoccum-Heat 2013 & 2014 Heat 95 - 95

*2012, 2013, 2014 and 2015 refers to 2011-2012, 2012-2013, 2013-2014 and 2014-2015 growing cycles 

respectively

Material and Methods: 4 Trials evaluated 

during 2 years



Results and Discussion: Genetic variation

DCMU
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Years* n SPC Mean SPC Min SPC Max

PADs POP 2012 & 2013 12 34.6 25.2 41.2

CIMCOG I-Subset 2012 & 2013 30 28.2 16.1 41.6

CIMCOG II 2014 & 2015 60 28.5 12 45.2

RILs Atil/dicoccum 2012 & 2014 95 26 10.1 41.8

*2012, 2013, 2014 and 2015 refers to 2011-2012, 2012-2013, 2013-2014 and 2014-2015 growing 

cycles respectively

Treatme
nts 

Yield 
Potential

Heat

CV (%)

Textile 5.3 3.9

PADs POP n=12



using Inhibition treatments

Tools developed at CIMMYT : Indirect Measurements 

TEXTILE DCMU
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PADs POP n=12, 2 years

 No compensation of Flag leaf photosynthesis, Pre-anthesis Contribution and WSC at 

physiological maturity
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using Inhibition treatments

Tools developed at CIMMYT : Indirect Measurements 



95 RILs T. turgidum (Atil) x T. dicoccum

Yield potential Heat stress

2011-12 2013-14 2013 2014

Emergence date 2-Dec-11 8-Dec-13 8-Mar-13 5-Apr-14

TTA - TTH (°C days) 1460 1592 993 1275

TTM (°C days) 2152 2321 1738 1794

Temp (max/min °C) 25.4/6.3 26.8/8.6

30.8/11.

6

34.8/15.

0

Max Temp > 35 °C 0 2 14 40

Radiation (MJ m-2 day-

1) 20.4 19.5 28.0 27.6

ETo (mm) 4.1 4.0 6.5 7.0

Rainfall (mm) 12.1 28.4 0.9 1.2

Water available (mm) >500 >500 >500 >600

Results and Discussion: Application in a 

mapping population



Indirect Measurements with Textile (inhibition treatment)Direct Measurements

SPCGW (%)
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𝑺𝑷𝑪𝑮𝑾 =
𝐆𝐖 𝐨𝐟𝒄𝒐𝒏𝒕𝒓𝒐𝒍 − 𝐆𝐖 𝐨𝐟 𝐭𝐫𝐞𝐚𝐭𝐞𝐝 𝒑𝒍𝒂𝒏𝒕𝒔

𝐆𝐖 𝐨𝐟𝒄𝒐𝒏𝒕𝒓𝒐𝒍
× 𝟏𝟎𝟎

95 RILs T. turgidum (Atil) x T. dicoccum

Application in a mapping population :
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Results and Discussion: Identification of QTLs for Spike 

Photosynthesis Contribution under YP and Heat

wPt_34350.0

wPt_498623.5
wPt_7665 wPt_911635.8
wPt_511836.9
wPt_516843.4
wPt_795944.3
wPt_005446.1
wPt_697158.2
wPt_092770.7
wPt_321387.9
wPt_893195.7
wPt_332996.9

wPt_3492 wPt_3083141.8
wPt_3289165.3
wPt_3012194.5
wPt_8163195.1
wPt_10193195.8
wPt_7167199.9
wPt_4936218.3
wPt_6531 tPt_3719242.4
wPt_3457243.0
wPt_9300 wPt_3763
wPt_5928

267.8

wPt_1733268.6
wPt_2453269.6
wPt_0103293.0
wPt_2539300.6
wPt_0929 wPt_1951310.0
wPt_7848316.8
wPt_4703325.3
wPt_3461 wPt_7079325.9
wPt_4736339.5
tPt_8942340.2
wPt_3085355.3
wPt_5120 wPt_9569355.8
wPt_0168356.1
wPt_7029356.5
wPt_9724361.7
wPt_3055390.5
wPt_6136391.1

q
S

P
C

G
W

S
P

5
B

.1
-Y

P
-2

Y
r
s

q
S

P
C

G
W

5
B

.1
-Y

P
-2

Y
r
s

q
S

P
C

G
W

5
B

.1
-Y

P
-2

0
1

2

q
S

P
C

G
W

S
P

5
B

.1
-Y

P
-2

0
1

2

q
S

P
C

G
W

5
B

.1
-H

t-2
0

1
3

q
S

P
C

G
W

S
P

5
B

.1
-H

t-2
0

1
3

q
S

P
C

G
W

5
B

.1
-H

t-2
0

1
4

q
D

T
A

5
B

.1
-Y

P
-2

0
1

2
-1

4

q
D

T
M

5
B

.1
-Y

P
-2

0
1

2
-1

4

q
P

H
5

B
.1

-Y
P

-2
0

1
2

-1
4

q
P

H
5

A
.1

-H
t-2

0
1

3
-1

4

5B

wPt_97740.0
wPt_51811.8
wPt_580416.6
wPt_179220.9
wPt_801622.2

wPt_4408 wPt_566047.0

wPt_465862.5
wPt_778472.5
wPt_653080.2
wPt_438492.6
wPt_8797115.8
wPt_9592121.3
wPt_2465137.6
wPt_6654148.9
wPt_9897151.6
wPt_7951157.1
wPt_6941160.3
wPt_5941162.5
wPt_8172170.5
wPt_8478172.6
wPt_1720177.7
wPt_5776190.2
wPt_4735191.5
wPt_4666198.0
wPt_3870 wPt_1692199.3
wPt_8770200.8
wPt_9752202.4
wPt_4652213.4
wPt_4676215.9
wPt_6993218.9

wPt_4361294.7
wPt_8245 wPt_7746300.3
wPt_2861302.7
wPt_3571303.3

q
S

P
C

G
W

S
P

1
A

.1
-
Y

P
-
2
Y

r
s

q
S

P
C

G
W

1
A

.2
-
4

E
n

v
s

q
S

P
C

G
W

1
A

.1
-
Y

P
-
2
0

1
2

q
S

P
C

G
W

S
P

1
A

.1
-
4

E
n

v
s

q
Y

L
D

1
A

.1
-
Y

P
2

0
1
2

-
1
4

q
S

P
C

G
W

1
A

.1
-
H

t
2
0

1
4

q
S

P
C

G
W

S
P

1
A

.1
-
Y

P
2
0
1

2
q

S
L

1
A

.1
-
H

t
2

0
1

3
-
1
4

q
S

P
C

G
W

1
A

.1
-
4
E

n
v
s

q
S

P
C

G
W

1
A

.1
-
Y

P
2

0
1

4

q
D

T
A

1
A

.1
-
Y

P
2

0
1
2

-
1
4

q
S

L
1

A
.1

-
Y

P
2

0
1

2
-
1

4

q
S

L
1

A
.1

-
4

E
n

v
s q
P

H
1
A

.1
-
4

E
n

v
s

q
Y

L
D

1
A

.2
-
Y

P
2

0
1

2
-
1
4

q
P

H
1

A
.1

-
H

t
2

0
1

3
-
1

4

1A

wPt_1225219.1
wPt_8915234.6
wPt_7478237.3
wPt_4127240.7
wPt_11160242.2
wPt_6020272.4
wPt_10514278.6
wPt_7229279.2
wPt_4597280.3
wPt_5716281.5
wPt_3078282.7
wPt_6445285.8
wPt_4364304.9
wPt_2119332.9
wPt_4782333.5
wPt_11017 wPt_10341334.1
wPt_6834338.5
wPt_6961 wPt_2416340.3
wPt_8386346.3
wPt_7514346.9
wPt_4483347.9
wPt_10306349.7
wPt_7614350.3
wPt_0343350.4
wPt_0668350.9
wPt_8959353.5
wPt_6299362.1
wPt_0021 wPt_11082
wPt_4194 wPt_5947

364.4

wPt_6000364.5
wPt_8184366.4
wPt_10057 wPt_11078368.5
wPt_5452401.6
wPt_3725402.7
wPt_7968404.3
wPt_9577405.1
wPt_8056410.1
wPt_11301 wPt_10785410.8
wPt_7635411.4
wPt_7145419.0
wPt_0644423.6

q
S

P
C

G
W

S
P

3
B

.1
-
Y

P
-
2

Y
r
s

q
S

P
C

G
W

3
B

.1
-
Y

P
-
2

Y
r
s q

T
G

W
3

B
.1

-
4

E
n

v
s

q
S

P
C

G
W

3
B

.1
-
Y

P
2

0
1

2

q
S

P
C

G
W

S
P

3
B

.1
-
Y

P
2

0
1

2

q
S

P
C

G
W

S
P

3
B

.1
-
Y

P
2

0
1

4

q
S

P
C

G
W

S
P

3
B

.1
-
H

t
2

0
1

3

q
T

G
W

3
B

.1
-
Y

P
2

0
1

2
-
1

4

q
S

P
C

G
W

3
B

.1
-
H

t
2

0
1

4

q
D

T
H

3
B

.1
-
H

t
2

0
1

3
-
1

4

3B.2
RILs Atil x T. Dicoccum

Sukumaran S



Env
Trait

Chr QTL Flanking markers CI (cM)
Peak 

Position
LOD

PVE 

(%)

Additive 

Effect

YP 12 SPCGWSP 1A qSPCGWSP1A.1-YP2012 wPt9774-wPt1792 10.2-20.1 16.8 4.4 14.0 0.05

3B qSPCGWSP3B.1-YP2012 wPt10514-wPt4364 275.3-296.3 281.7 3.9 12.7 -0.04

5B qSPCGWSP5B.1-YP2012 wPt3213-wPt3492 90.6-117.2 97.2 4.8 30.2 -0.06

YP 14 SPCGWSP 3B qSPCGWSP3B.1-YP2014 wPt6445-wPt4364 281.7-292.3 286.3 2.5 9.7 -0.04

YP† SPCGWSP 1A qSPCGWSP1A.1-YP-2Yrs wPt9774-wPt4408 10.7-37.7 18.6 3.1 3.3 0.04

3B qSPCGWSP3B.1-YP-2Yrs wPt6445-wPt4364 282.7-297.3 287.9 4.8 14.4 -0.04

5B qSPCGWSP5B.1-YP-2Yrs wPt3213-wPt3492 91.9-126.4 107.0 5.9 29.2 -0.07

HT 13 SPCGWSP 3B qSPCGWSP3B.1-Ht2013 wPt6834-wPt6299 341.1-353.9 350.7 2.7 9.5 2.22

5B qSPCGWSP5B.1-Ht2013 wPt8931-wPt3492 97.2-150.7 120.2 2.6 21.7 2.71

HT 14 SPCGWSP 7B qSPCGWSP7B.1-Ht2014 wPt0276-wPt5992 36.1-63.8 45.7 2.8 16.3 -4.35

Ht† SPCGWSP 3B qSPCGWSP3B.1-Ht-2Yrs wPt1162-wPt7961 49.4-54.4 53.3 2.6 11.7 0.28

4Envs± SPCGWSP 1A qSPCGWSP1A.1-4Envs wPt6654-wPt8172 151.2-161.4 157.4 3.8 15.0 -2.1

SPCGW

YP 2012 SPCGW 1A qSPCGW1A.1-YP2012 wPt9774-wPt1792 12.5-20.4 16.8 2.6 11.8 0.03

3B qSPCGW3B.1-YP2012 wPt10514-wPt4364 282.0-300.5 289.9 3.0 17.9 -0.03

5B qSPCGW5B.1-YP2012 wPt3213-wPt3492 94.6-117.2 96.5 7.4 41.6 -0.06

YP 2014 SPCGW 1A qSPCGW1A.1-YP2014 wPt4658-wPt4384 74.1-90.9 84.8 2.8 12.9 0.03

YP† SPCGW 3B qSPCGW3B.1-YP-2Yrs wPt6020-wPt4364 275.3-304.4 290.9 3.1 9.9 -0.02

5B qSPCGW5B.1-YP-2Yrs wPt3213-wPt3492 94.9-141.9 121.5 3.2 32.4 -0.04

HT 2013 SPCGW 5B qSPCGW5B.1-Ht2013 wPt8931-wPt3289 116.2-161.9 134.3 2.9 31.4 2.27

HT 2014 SPCGW 1A qSPCGW1A.1-Ht2014 wPt2465-wPt6941 138.0-160.7 145.9 5.1 20.4 -4.20

3B qSPCGW3B.1-Ht2014 wPt0343-wPt5452 356.4-379.1 366.3 4.4 15.0 3.29

5B qSPCGW5B.1-Ht2014 wPt4736-wPt9724 347.4-358.9 355.6 3.0 11.2 2.81

4Envs± SPCGW 1A qSPCGW1A.1-4Envs wPt9774-wPt4408 7.1-37.2 26.5 5.9 17.6 2.8

1A qSPCGW1A.2-4Envs wPt9592-wPt6654 127.3-148.2 144.1 3.2 12.9 -1.8

Results and Discussion: Identification of QTLs for Spike 

Photosynthesis Contribution under YP and Heat



Results and Discussion: Consistent QTLs for YP 

and Heat

RILs Atil x T. Dicoccum
Sukumaran S



Conclusions

 The present study highlights the importance of spike 

photosynthesis to final grain yield showing phenotypic 

variation for spike photosynthetic rate and spike 

photosynthesis contribution to grain yield.

 An average of 30% of the assimilated deposited in the 

grains is associated with spike photosynthesis in elite lines.

 Three QTLs on chromosomes 1A, 3B, and 5B where the 

QTL on chromosome 5B was detected under both yield 

potential and heat stress conditions and explained 21-41% 

variation in the trait.
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