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Scales of development for wheat and barley

THE UNIVERSITY OF
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External morphology (e.g. leaves, tillering, heading, flowering, grain filling)
* Feekes scale for cereals (1941)

« Haun’s notation system (1973)

« Zadoks decimal code for cereals (1974)

* The universal BBCH scale for crops and weeds (1991)

Internal anatomy (i.e. shoot apex)
« \Waddington’s scale (1983)
« Gardner’s developmental stages (1985)



Limitations of existing scales

« Confusion of growth vs development,

phase vs stage

MLLBOURNE

Weed Researck, 1974, Volume 14, 415-421

A decimal code for the growth stages of cereals

GROWTH STAGES IN CEREALS
ILLUSTRATION OF THE FEEKES SCALE
by E. C. LARGE
Plant Pathology Laboratory, Harpenden

Ann. appl. Biol. (1991), 119, 561-601
FPrinted in Great Britain

A uniform decimal code for growth stages of crops and weeds

By PETER D. LANCASHIRE!, H. BLETHOLDER?, T. VAN DEN BOOM?,
P. LANGELUDDEKE# R. STAUSS®, ELFRIEDE WEBER? and A WITZENBERGER!
™




Limitations of existing scales

« Confusion of growth vs development,
phase vs stage
« Ambiguous, subjective and qualitative

60
61
62
63
64
63
66
67
68
69

Anthesis
} Beginning of anthesis

} Anthesis half-way

} Anthesis complete
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Zadoks et al (1974) Weed Research 14, 415-421.



Limitations of existing scales

« Confusion of growth vs development,
phase vs stage
« Ambiguous, subjective and qualitative
« Don’t apply to both single plants
and populations
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Zadoks et al (1974) Weed Research 14, 415-421.



Limitations of existing scales
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Confusion of growth vs development,
phase vs stage

Ambiguous, subjective and qualitative
Don’t apply to both single plants

and populations

Don’t cover entire crop life cycle

Slafer et al 2021. Chapter 3 Wheat. Crop Physiology. P99-163.



Limitations of existing scales

« Confusion of growth vs development,
phase vs stage
« Ambiguous, subjective and qualitative
« Don’t apply to both single plants
and populations
« Don’t cover entire crop life cycle
* Numerical scores analysed incorrectly

Zadoks/BBCH score
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Barber et al (2015) Annals of Applied Biology 166, 355-371.



Limitations of existing scales

« Confusion of growth vs development,
phase vs stage

« Ambiguous, subjective and qualitative

« Don’t apply to both single plants
and populations

« Don’t cover entire crop life cycle

* Numerical scores analysed incorrectly

* Not compatible with modern technologies
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Okafor et al (2024) Canadian Journal of Remote Sensing 50, a2367479.



Limitations of existing scales
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« Confusion of growth vs development,

phase vs stage Repeatable

« Ambiguous, subjective and qualitative Same operator

« Don’t apply to both single plants Same environment
and populations

- Don’t cover entire crop life cycle Reproducible

- Numerical scores analysed incorrectly Different operator

« Not compatible with modern technologies Different environment



New scales of development for wheat and
barley
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Single culm development scale (SCDS)
* Primary culm of single plant

* One point in time

« “What stage is my crop today?”

Population of culms development scale (PCDS)
« All culms of all plants

« Multiple observations over time

« “When was [stage]? How long was [phase]?”

Celestina et al (2023) Eur. J. Agron. 147, 126824.



Single Culm Development Scale (SCDS)
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Single Culm Development Scale (SCDS)
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Population of Culms Development Scale (PCDS)
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Single culm development scale
(SCDS)

Code Description |Detailed remarks

Anthesis (A)

A10 10% anthesis | 10% of florets proximal to the rachis on the
spike have flowered.

A50 50% anthesis [50% of florets proximal to the rachis on the
spike have flowered.

A100 100% Anthesis complete. All florets proximal to

anthesis the rachis on the spike have flowered.

THE UNIVERSITY OF
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Population of culms development scale
(PCDS)
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50% anthesis date
Anthesis = 21 florets proximal to the rachis on the
spike have flowered




Applications of the new scales
1. Improved simulation of phenology in APSIM-NG

GRDC National Phenology Initiative
* 64 wheat + 32 barley

« Controlled environment experiments for
cultivar parameters

— 2 photoperiod x 2 vernalisation
* Field experiments for validation data
— 4 sites x 8 times of sowing x 2 years




Applications of the new scales
1. Improved simulation of phenology in APSIM-NG

MELBOURNE

GRDC National Phenology Initiative
* 64 wheat + 32 barley

+ Controlled environment experiments for B N
CUltlvar parameters NSE = 0.84, ME =-1.24, MAE = 9.45 .

2004 RSR=0.40, RMSD =12.38 . %
— 2 photoperiod x 2 vernalisation : ‘5‘
* Field experiments for validation data
— 4 sites x 8 times of sowing x 2 years
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Applications of the new scales
1. Improved simulation of phenology in APSIM-NG
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GRDC National Phenology Initiative

64 wheat + 32 barle
y Prototype Flowering Calculator

« Controlled environment experiments for
cultivar parameters

— 2 photoperiod x 2 vernalisation

< Back

 Field experiments for validation data B | wullike'ts salculate fioweting for
— 4 sites x 8 times of sowing x 2 years

Wheat Canola Barley

Select your scenario

Which variety should
Isow? When should | sow?
(I know my intended (I know my variety)
sowing date)




Applications of the new scales
2. New phenology (‘maturity’) classification scheme

MELBOURNE

« Data from multiple GRDC investments
« National G x E x M field experiments
« 70 wheat + 30 barley

Contents lists available at ScienceDirect
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e 70 wheat + 30 barley

Applications of the new scales
« Data from multiple GRDC investments
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Applications of the new scales w0
2. New phenology (‘maturity’) classification scheme
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« Data from multiple GRDC investments
* National G x E x M field experiments
e 70 wheat + 30 barley

Spring habit

Winter habit
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