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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) 

Scales of development for wheat and barley



• Confusion of growth vs development, 

phase vs stage

Limitations of existing scales



• Confusion of growth vs development,

phase vs stage

• Ambiguous, subjective and qualitative

Limitations of existing scales

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



• Confusion of growth vs development,

phase vs stage

• Ambiguous, subjective and qualitative

• Don’t apply to both single plants 

and populations

Limitations of existing scales

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



• 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

Limitations of existing scales

Slafer et al 2021. Chapter 3 Wheat. Crop Physiology.  P99-163.
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�Repeatable 
Same operator
Same environment

�Reproducible
Different operator
Different environment



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]?”

New scales of development for wheat and 
barley

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



G
er

m
in

at
io

n

Germinating

Booting Heading Anthesis

Seedling 

emerging

Grain 

Expanding
Grain 

Filling
Grain 

Ripening

Apex developing

Leaves appearing

Stem elongating Flag leaf 

appearing

Single Culm Development Scale (SCDS)

S
pi

ke
 e

m
er

ge
nc

e

S
ow

in
g

S
ee

dl
in

g

em
er

ge
nc

e

S
ho

ot
 a

pe
x

at
 1

cm

F
irs

t n
od

e

F
la

g 
le

af
 

ap
pe

ar
an

ce

E
nd

 g
ra

in
 e

xp
an

si
on

E
nd

 g
ra

in
 fi

lli
ng

 

(P
hy

si
ol

og
ic

al
 m

at
ur

ity
)

E
nd

 g
ra

in
 r

ip
en

in
g

(H
ar

ve
st

 r
ip

e)

A
nt

he
si

s



G
er

m
in

at
io

n

Germinating

Booting Heading Anthesis

Seedling 

emerging

Grain 

Expanding
Grain 

Filling
Grain 

Ripening

Apex developing

Leaves appearing

Stem elongating Flag leaf 

appearing

50
%

 s
ee

ds
 

ge
rm

in
at

ed

50
%

 c
ul

m
s 

ha
ve

 

sh
oo

t a
pe

x 
at

 1
cm

50
%

 c
ul

m
s 

at
 fi

rs
t n

od
e

50
%

 c
ul

m
s 

ha
ve

 fl
ag

 

le
af

 e
xp

an
de

d

50
%

 c
ul

m
s 

ha
ve

 

he
ad

 e
m

er
ge

d

50
%

 s
pi

ke
s 

ha
ve

 ≥
1 

flo
re

t f
lo

w
er

ed

50
%

 s
pi

ke
s 

ha
ve

 ≥
1 

gr
ai

ns
 e

xp
an

de
d

50
%

 s
pi

ke
s 

at
 

ph
ys

io
lo

gi
ca

l 

m
at

ur
ity

50
%

 s
pi

ke
s 

at
 

ha
rv

es
t r

ip
e

50
%

 

se
ed

lin
gs

 

em
er

ge
d

Grain ripeningGrain fillingGrain expandingFloweringHeadingStem elongatingApex developingLeaves initiating
Seedling 

emerging
Germinating

Single Culm Development Scale (SCDS)

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

Detailed remarksDescriptionCode

Anthesis (A)

10% of florets proximal to the rachis on the 

spike have flowered.

10% anthesisA10

…

50% of florets proximal to the rachis on the 

spike have flowered.

50% anthesisA50

…

Anthesis complete. All florets proximal to 

the rachis on the spike have flowered.

100% 

anthesis

A100

Anthesis? Mature anthers dehisced, stigma feathery and sprea.

No anther extrusion? Open florets to observe anthers and stigma.

No spike emergence? Open flag leaf sheath to observe spike and 

florets.



Population of culms development scale 
(PCDS)
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Thank you

Dr Corinne Celestina

corinne.celestina@unimelb.edu.au


