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Outline 

� Some ideas on traits and tools

� Case study: phenotyping inbreds and           
hybrids



Requirements for efficient phenotyping

� Proper stress management + (agroclimatic
record) 
� e.g. apply drought stress at seedling or around 

anthesis…..

� Phenotyping of key traits



Selection by Secondary Traits

How to choose
a trait ?

How to
evaluate it ?

Requirements
and implications ?

Usefullness in Breeding
and Crop Management

What traits
should be used ?



Limitations
of molecular

or biochemical
aproaches

Yield is a
quantitative
character

Basic
Determinants

of Yield ?

Integrative trait
Genetic correlation

with yield
Heritability > yield

Directly related
with yield

Productivity
or survival ?

Stress scape,
avoidance or
tolerance ?

Negative
interaction

GxE

Ecological approach

Previous definiton
of target environment

How to choose
a trait ?
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� General determinants
� Yield = IR x AR x PE x HI

–– IR, IR, IncidentIncident RadiationRadiation

–– AR, Absorbed AR, Absorbed RadiationRadiation

–– PE, PE, PhotosyntheticPhotosynthetic EfficiencyEfficiency

–– HI, Harvest IndexHI, Harvest Index

� In water-limiting conditions (Passioura 1977)

� Yield = W x WUE x HI

–– W, W, WaterWater usedused

–– WUE, WUE, WaterWater Use Use EfficiencyEfficiency



Limited utility
of traditional
physiological

methods

Emergency
of alternative

methods
(ecophysiological...)

Spectroradiometrics
Canopy Temperature

Fluorescence

Remote Sensing

13C/12C and
its surrogates

18O/16O

Stable Isotopes ............ .............

Quick
Easy

Non-destructive
Low cost

How to evaluate a trait ?



Screening techniques for plant drought 
adaptation

• plant growth – senescence:
spectroradiometry: 

plant/canopy (e.g.. Greenseeker)
leaf (e.g. SPAD)

• transpiration - water status:
plant/canopy:  infrared thermometry, 

mineral content, d18O 
leaf: infrared thermometry

porometry (e.g. SC-1 Decagon)



Screening techniques for plant drought 
adaptation

• These methods may help to estimate reasonably well 
model output variables (green biomass, LAI, crop N) as well 
as model input parameters (leaf N content, leaf 
transpiration…..)
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Leaf: SPAD-502



Plant/Canopy: GreenSeeker



Spectroradiometry: GreenSeeker



BIOMASS / NDVI

y = 79,802x - 8,6683

R2 = 0,8845
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Growth of individual plants: early vigour assessment

days from sowing
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• Plant temperature: Infrared Thermometry



Leaf Porometer SC-1



d18O shoots (‰)
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d18O plant samples: Mass Spectrometry



Mineral  accumulation in leaves



� Case study: phenotyping inbreds and hybrids



A set of 15 inbreds from LPS population and another set of 
18 testcrosses derived were grown under three different 
water regimes during the dry season of 2007 at Tlaltizapan
(Morelos, Mexico)

Beside yield, yield components and phenology, different 
secondary traits were measured several times along the crop 
cycle: vegetation index (NDVI), chlorophyll content,  stomatal
conductance and leaf temperature 



Agronomical parameters: Lines

Yield (g) 61,08 ± 7,74 103,91 ± 12,58 1156,81 ± 52,89

Seed Number 468,33 ± 52,18 707,80 ± 82,82 5527,73 ± 241,25

HKW 12,17 ± 0,71 14,84 ± 0,48 20,99 ± 0,38

Biomass 1plant 255,29 ± 10,93 361,58 ± 19,68 593,96 ± 21,87

Anthesis (das) 91,33 ± 0,95 92,62 ± 0,62 89,73 ± 0,57

Silking (das) 91,82 ± 0,75 90,27 ± 0,63 88,09 ± 0,43

ASI 0.46 ± 1.07 -2.26 ± 0.72 -1.51 ± 0.48

SS IS WW



Yield (g) 154,42 ± 11,82 592,92 ± 35,85 2751,81 ± 78,04

Seed Number 1120,64 ± 94,27 3908,12 ± 237,70 9132,83 ± 224,52

HKW 14,39 ± 0,52 15,30 ± 0,27 30,04 ± 0,33

Biomass 1plant 380,48 ± 11,24 557,39 ± 16,82 878,56 ± 18,44

Anthesis (das) 84,56 ± 0,31 84,74 ± 0,25 83,48 ± 0,30

Silking (das) 95,06 ± 0,71 88,11 ± 0,64 83,04 ± 0,30

ASI 10,50 ± 0,72 3,37 ± 0,53 -0.44 ± 0,35

SS IS WW

Agronomical parameters: Hybrids



DAS

35 0,25 ± 0,00 0,25 ± 0,00 0,26 ± 0,00
48 0,60 ± 0,01 0,48 ± 0,01 0,57 ± 0,01
55 0,67 ± 0,01 0,67 ± 0,01 0,68 ± 0,01
62 0,72 ± 0,01 0,71 ± 0,01 0,70 ± 0,01
75 0,66 ± 0,01 0,74 ± 0,01 0,75 ± 0,01
89 0,58 ± 0,01 0,68 ± 0,01 0,69 ± 0,01
100 0,56 ± 0,01 0,62 ± 0,01 0,69 ± 0,01
105 0,44 ± 0,01 0,54 ± 0,01 0,66 ± 0,01
109 0,37 ± 0,01 0,52 ± 0,01 0,71 ± 0,01
119 0,19 ± 0,01 0,25 ± 0,01 0,54 ± 0,01
123 0,15 ± 0,00 0,19 ± 0,01 0,51 ± 0,01

76 35,75 ± 0,65 36,12 ± 0,58 34,78 ± 0,66
84 31,80 ± 0,80 34,92 ± 0,83 36,50 ± 0,77
91 33,20 ± 0,67 36,30 ± 0,69 40,20 ± 0,83
97 30,70 ± 0,80 32,40 ± 0,81 40,50 ± 0,85
106 22,15 ± 0,97 26,49 ± 0,88 37,67 ± 0,86
111 16,30 ± 0,95 22,81 ± 0,91 36,04 ± 0,92
117 8,20 ± 0,75 13,42 ± 0,90 32,28 ± 1,11

NDVI

SPAD

SS IS WW
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DAS

19 277,5 ± 13,0
55 251,7 ± 7,9 264,8 ± 11,9 230,5 ± 12,5
62 154,4 ± 9,2 201,0 ± 9,0 154,3 ± 8,6
69 61,8 ± 6,6 157,8 ± 10,1 174,3 ± 9,4
76 30,3 ± 3,2 35,4 ± 3,1
98 46,0 ± 5,1 46,9 ± 4,0 118,9 ± 8,0
104 13,4 ± 1,4 68,5 ± 6,5 163,6 ± 7,8

55 23,98 ± 0,91 22,11 ± 0,86 23,75 ± 0,91
63 24,44 ± 0,96 24,16 ± 0,94
75 33,86 ± 1,38 26,88 ± 1,09 25,03 ± 0,98
89 28,49 ± 1,16 23,69 ± 0,90
98 32,86 ± 0,57 31,93 ± 0,77 31,31 ± 0,22

Leaf ash 
content (%)

11,45 ± 0,21 12,34 ± 0,14 16,72 ± 0,22

SS IS WW

Stomatal 
conductance 

(mmol m -2 s-1)

Canopy 
temperature 
(ºC)
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SS, severe water stress; IS, intermediate water stress; WW, well-watered plants; Initial variable, first 
variable entering the model; initial R2 and MSE, adjusted coefficient of determination (R2) and mean 
square error after including the first variable in the model; final R2 and MSE, adjusted R2 and MSE 
obtained with the final stepwise model. GY, Grain yield; LT, Leaf temperature; g , Stomatalconductance; 

931.80.34**GY = 230.7 × SPAD91 -1035.3WW

410.90.53**GY = 189.6× SPAD91 + 5.8×gs55 – 7505.7IS

138.60.48*GY = 2.9×gs62 + 2591.8×NDVI89 -2003.3SS

Hybrids

417.40.71**
GY = 12198.9×NDVI109 + 105.6×SPAD106 -
9508.9

WW

141.30.54**GY = 4.2×gs19 + 4.5×gs104 – 1200.4IS

52.70.73***
GY = -28.3×LT89 + 4204.6×NDVI123 –
16.2×SPAD76 + 1068.8

SS

Lines

Final 
MSE

Final R2Final Stepwise Model
Water 

treatment

Multiple linear regressions (stepwise) to explain GY from physiological traits built 
from genotype means within each water treatment for both Lines and Hybrids.



Genetic correlations with GY and broad 
sense heritabilities in lines and hybrids

0.69-0.502*0.690.988***SPAD117

0.830.0470.710.542*SPAD111

0.730.468*0.780.856***SPAD106

0.420.602**0.840.958***SPAD97

0.14------0.790.490SPAD91

0.560.760***0.820.579*SPAD84

0.460.2620.770.699**SPAD76

0.24-0.3440.71------Leaf Temp98

0.590.0790.14------Leaf Temp89

0.39------0.86-0.786**Leaf Temp75

0.20-0.916***0.37-0.478Leaf Temp63

------------0.400.469Leaf Temp55

0.590.35GY

h2rh2rTrait

HybridsLines



------------0.45------gs104

0.28-0.0480.730.183gs76

0.360.2040.30------gs69

0.170.1800.320.114gs62

0.450.750***0.16------gs55

0.42-0.810***0.320.875***NDVI123

0.51-0.568*0.680.762**NDVI119

0.49-0.1380.80NDVI109

------------0.66------NDVI105

------------0.850.874***NDVI100

0.200.3790.66NDVI89

------------0.870.842***NDVI75

0.120.3280.810.315NDVI62

0.270.3150.850.328NDVI55

0.440.728**0.83-0.062NDVI48

0.820.1260.86-0.146NDVI35

0.590.35GY

h2rh2rTrait

HybridsLines



Some conclusions

� Combination of at least two traits explains a substantial 
part of genotypic variability in GY 

� Traits chosen change with growing conditions but 
some trends are evident:

water stressed:  “water status” + “greenness - biomass”
well irrigated:      only “greenness - biomass”

� Traits perform poorer in large canopies


