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Introduction:

This manual is meant to aid in the identificatafrcrops in Manitoba, as well as
characterize specific growth stages using the BBC&le. In Manitoba some crops cover
a larger area in terms of acreage, and so may e ommmonly encountered. This
should be taken into consideration during crop fifieation (Table 1).

Table 1: Percent cover of various land cover typeis the two proposed study areas (Wiseman, 2011).

Study Area #1
Land Cover Type Square Km Square Miles Percent Area
Water 4.96 1.94 0.47
Exposed Land 0.03 0.01 0.00
Developed Land 35.73 13.96 3.40
Shrub Land 9.89 3.86 0.94
Wetland 3.66 1.43 0.35
Grassland\Pasture 172.52 67.39 16.43
Fallow 0.31 0.12 0.03
Cereals 338.40 132.19 32.23
Corn 73.28 28.62 6.98
Canola 138.63 54.15 13.20
Flax 7.41 2.90 0.71
Sunflowers 18.44 7.20 1.76
Soybeans 70.48 27.53 6.71
Pulse Crops 16.85 6.58 1.60
Potatoes 6.03 2.35 0.57
Other Crops 1.97 0.77 0.19
Coniferous Forest 0.01 0.00 0.00
Deciduous Forest 151.42 59.15 14.42
Study Area #2
Land Cover Type Square Km Square Miles Percent Area
Water 3.94 1.54 0.37
Exposed Land 0.82 0.32 0.08
Developed Land 41.25 16.11 3.93
Shrub Land 6.60 2.58 0.63
Wetland 4.28 1.67 0.41
Grassland\Pasture 87.51 34.18 8.33
Cereals 359.17 140.30 34.19
Corn 80.49 31.44 7.66
Canola 251.93 98.41 23.98
Flax 8.61 3.36 0.82
Sunflowers 13.52 5.28 1.29
Soybeans 41.30 16.13 3.93
Pulse Crops 46.42 18.13 4.42
Potatoes 13.89 5.43 1.32
Other Crops 0.62 0.24 0.06
Coniferous Forest 0.06 0.02 0.01
Deciduous Forest 90.16 35.22 8.58




1.0. Cereals/Small Grains

1.1. General

Common cereals include wheat (including spring amater), oats, barley and rye.
These flowering plants are structured similarlydese they are part of the grass family
(Figure 1). Grasses are typified by leaf bladets dha alternating, sheathed and jointed by
nodes. The first stem that develops may be coresidéye main or parent shoot. Through
the process dillering many secondary stems or branches also develop.cemeform at
the base on the plant (crown), or through undergptostems (rhizomes) and above
ground roots (stolons) (Barnhart, 1999). In an@dural setting most plants will have
two to four tillers, though this is dependent ummeding practices and environmental
conditions. Seedheads or inflorescences form ortapeof all main stems and in most
cases on two to four tillers as well (Strand etE390).
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Figure 1: General morphology of cereal plants (Barhart, 1999).



1.2. Identifying Growth Stages: BBCH Scale

The following will provide a description of the mastages of development for
cereals, based on the BBCH scale (Table 2). Thisheaused to identify the main stages
of development for wheat (including spring and wimt oats, barley and rye. In most
cases it may also be appropriate to use this socatkentify the growth stages for grasses
such as Timothy.

Table 2: BBCH growth stages for cereals including #érley, oats, wheat, and rye.

0. Sprouting/Germination 5. Inflorescence EmergengeéHeading
00 Dry seed (caryopsis) 51 Tip of inflorescence emerged from
01 Beginning of seed imbibition sheath, first spikelet just visible
03 Seed imbibition complete 52-54 20% to 40% dbieflscence emerged
05 Radicle emerged from caryopsis 55 Half infloezsxe emerged
06 Radicle elongated, root hairs/side roots visible 56-58 60% to 80% inflorescence emerged
07 Coleoptile emerged from caryopsis 59 Infloresedhnlly emerged
09 Coleoptile penetrates soil 6. Flowering, Anthesis
1. Leaf Development 61 First anthers visible
10 First leaf through coleoptile 65 Full flowering: 50% of anthers mature
11 First leaf unfolded End of flowering: all spikelets flowered
12 2 leaves unfolded 69 some dry anthers may remain
13 3 leaves unfolded 7. Development of Fruit
1. Stages continuous till ... 71 Watery ripe: firsaigs half final size
19 9 or more leaves unfolded 73 Early milk
2.Tillering 75 Medium milk: grain content milky,
20 No tillers Grains final size, still green
21 First tiller detectable 77 Late milk
22 2 tillers detectable 8. Ripening
23 3 tillers detectable 83 Early dough
2... Stages continuous till .... 85 Soft dough: grain content soft but dry.
29 Max no. of tillers detectable Fingernail impression not held
3. Stem Elongation 87 Hard dough: grain content solid
Pseudostem & tillers erect, first internode Fingernail impression held
30 elongating, top of inflorescence Fully ripe: grain hard
at least 1 cm above tillering node 89 difficult to divide with thumbnail
31 First node at least 1 cm above tillering node 9. Senescence
32 Node 2 at least 2 cm above node 1 92 Over-ripe: grain very hard, cannot be
33 Node 3 at least 2 cm above node 2 dented by thumbnail
3... Stages continuous till ... 93 Grains loosenindag-time
37 Flag leaf just visible, rolled (last leaf) 97 Plant dead & collapsing
39 Flag leaf unrolled, ligule just visible 99 Hasted product
4. Booting
41 Early boot: flag leaf sheath extending
43 Mid boot: flag leaf sheath just visibly swollen
45 Late boot: flag leaf sheath swollen
47 Flag leaf sheath opening
49 First awns visible (in awned forms only)




From Sprouting to Heading:
Figure 2 represents an illustration from emergeadesading representing the general growth pattercereals.

| emergence one-leaf  two-leal  three-leaf tillering begins

\

/

)

flag leat
ligule
visible
. ;-— spikelets
above
flag leaf
‘ ligule
\ «— peduncle
\ visible
I jointing begins early boot heading begins heading complete 4[

Figure 2: lllustration representing the general gravth pattern of a cereal plant from emergence to heting. (Barnhart, 1999)



0. Sprouting/Germination

For most applications it is not important to idBnstages 00 to 08, as these occur
when the plant is below the soil surface. At st@ge¢he coleoptile penetrates the soil. It is
a rigid feature of the plant that contains theugsef the first leaves (Strand et al., 1990).

1. Leaf Development

Following penetration of the surface by the coldegsprouting), the first leaf of
the plant emerges. Figure 3 shows examples whérénheafirst leaf has just broken
through the coleoptile, and b) where the first lka$ started to unroll. In both cases the
plant is identified as BBCH: 10, since the leaf has completely unfolded and so cannot
be counted. Remember that it is important to camytdead or missing leaves, so check
the main stem of the plant (Strand et al., 1990)

b)

SEIEN BRARY o e e gmnerp Roton e

Figure 3: Emerging wheat plants at BBCH: 10 (a), l&e BBCH: 10 (b), BBCH: 11 (c) and BBCH 13
(d) (Science Photo, 2012a; Science Photo, 2012biefice Photo, 2012c; Science Photo, 2012d).



2. Tillering

Development of primary tillers usually begins wtibe fourth leaf emerges from
the stem, followed by the second primary tiller white fifth leaf emerges... This
process continues until two to four primary tillé@ve developed (Strand et al., 1990). It
is likely the inflorescences will develop on thdgdkers (i.e. ones that develop during
fourth, fifth and sixth leaf stage), where thoseattllevelop later may be aborted
(Simmons et al., 1995).

One tiller

One ti!le.r
P Al e abadile’ t ‘ ot LQ
Figure 4: Photo of a wheat plant at BBCH: 21 (leftand BBCH: 22 (right) (Science Photo, 2012¢;
Science Photo, 2012f).

-.")“"T'

The structure of tillers is similar to the mainratebut these can be differentiated
based on the fact that tillers typically have feweaves, and are shorter (Strand et al.,
1990). When counting tillers it is important to rmber some may have broken off or
died. This can be especially problematic in matplants, where tillers that do not
develop an inflorescence can be aborted by thet.plarmost cases you should only
count primary tillers that form at the crown, agpoged to secondary and tertiary tillers
that develop off of primary and secondary tilleespectively (Larsen et al., 2012).

Throughout tillering the seed heads or infloreseestart to develop in both tillers
and the main stem. Initially the head is microscopmi size, but when the head is
completely formed the plant will move in to stenoredation or jointing. At that time
most plants will have five fully developed leavé&trand et al., 1990; Simmons et al.,
1995; Larsen et al., 2012).

3. Stem Elongation

Again, by the time stem elongation begins plamygichlly have five fully
developed leaves. Stem elongation is the processhigh internodes lengthen in both
the main stem and tillers. This process starts thighupper five or six internodes, which
brings nodes above the soil surface. These jomgtsharder, larger in diameter than the



main stem or internodes and solid, compared ttdilew inter-node in most cases. Only
count the nodes on the main stem. You can usuabllyos feel these by hand. If you
cannot detect any nodes, the stem can be splithersge (Figure 5) to see if any have
been brought above the soil surface (Strand €1290, Larsen et al., 2012).

Figure 5: Photo of a wheat plant being dissected dm the middle to see if any nodes have been
brought above the soil surface.

BBCH: 30

The developing inflorescence should be visiblewyr@u split the plant down the
Middle (Figure 6). The plant is at stage BBCH: 3then the tip of the tip of the
inflorescence is 1cm or more above the tilleringano

Tip of

developing ear

is 1cm or more Position of first node,
from the stem with no internode

base greater than 1cm

Figure 6: Photo of a wheat plant at BBCH: 30, the &ginning of stem elongation (Pool et al., 2006).



BBCH: 31

At BBCH: 31 the first node is at least 1 cm aboke tillering node (Figure 7,
left). At BBCH: 32 node two is at least 2 cm abowele one (Figure 13).

Internode less
than2cm

Internode
less than
2am

first node

Internode
mote than
Tem

Internode
Tem

Figure 7: Photo of a wheat plant at early stage BBB: 31 (left), and late stage BBCH: 31 (right) with
two internodes detected above the soil surface, Witut the second being more than 2cm above the
first (Pool et al., 2006).

BBCH: 32

Second
node

Internode
more than . Internode

2an

First node

Internode
more than
1cm

Internode

Figure 8: Photo of a wheat plant at BBCH: 32 with he second internode more than 2cm above the
first (Pool et al., 2006).



BBCH: 37 & 39

At BBCH: 37 the flag leaf should be detected atttheof the main stem. This is
the last leaf to develop and it usually emergesnadideast three nodes are above the soll
surface. Inside the flag leaf is the developindpi&scence or seedhead. When this leaf is
unrolled the plant is at the end of the stem eltogastage of development and moves
into booting. You can test whether the flag lead Bmerged by splitting the top internode
down the middle. If there is an inflorescence iasidut no other leaves around it, then
the flag leaf has emerged.

4. Booting

At the beginning of booting the flag leaf stangemding (BBCH: 41). When the
flag leaf starts to swell, BBCH: 43 is reached. BBQ7 occurs when the leaf sheath
starts to open, exposing the inflorescence withinally the booting stage ends when the
awns are visible (in awned varieties) at the tothefboot (Figure 9).

Figure 9: Photo of a wheat plant at late stage boioig (BBCH: 49) where the inflorescence (Pool et al.
2006).

5. Inflorescence Emergence, Heading

Heading is the process whereby the seed head esieagn the sheath of the flag
leaf, which once contained it. For both wheat aaddy the shape of type of head or
inflorescence is a spikelet. For oats, the infloeege is known as a panicle. It should be
noted that generally heading occurs a few days latdillers (Strand et al., 1990). At
BBCH: 55 about half of the inflorescence should/tséble, or emerged from the flag leaf
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sheath (Figure 10). In order to see how much ofrfierescence has emerged it will be
necessary to split the flag leaf sheath.

Figure 10: Photo of a wheat at BBCH: 55 where halbf the inflorescence has emerged from the flag
leaf sheath.

6. Flowering/Anthesis

Flowering begins only a few days (2-4) after thiéorescence has emerged unless
it is very hot, which causes the heads to remaitheboot at the time of flowering
(Strand et al., 1990). In most cases it is posgibidentify flowering by presence of the
anthers. A few anthers on the plant represent gginhing of flowering BBCH: 60,
where at BBCH: 65 the entire inflorescence showldt@in anthers. Anthers are used to
hold the plants pollen.

Figure 11: Photo of a wheat plant at about BBCH: 63vhere only a portion of anthers are exposed
(left) and of a wheat plant that has recently emergd from the boot without any anthers (Gavloski,
2008).

11



7. Development of Fruit

In the early milk stage (BBCH: 73) grains arel ¢i¢ green, and you should be
able to squeeze a clear liquid from kernels. Iholate milk stage (BBCH: 77) this liquid
will become a milky colour and will also appearcter (Figure 12).

8. Ripening

As kernels continue to develop they reach the doftgh stage (BBCH: 85). If
you press your fingernail against a kernel the gspion will not hold. It is possible to
differentiate plants into the hard dough stage (BB87) because impressions you make
with your fingernail will be held. Finally when fiylripe (BBCH: 89) it will be difficult
to make any impression into kernels.

Figure 12: Photo of wheat grains through ripening t&age of late milk (BBCH: 77), soft dough (BBCH:
85), hard dough (BBCH: 87), hard kernel (BBCH: 89)and harvest ripe (BBCH: 92), from top to
bottom (Flint, 1990).

9. Senescence

When a crop is harvest ripe, you will not be dbleent kernels at all (BBCH:
92).

12



1.3. Differentiating Cereals

During the vegetative stage of plant developmeatuies at the collar (where blades
attach to the stem at the top of the leaf sheath)be used to differentiate cereal types

(Figure 13). These features include (DPI, 2006):

a) Auricles: Features located at the top of the leaf sheattheaend of the blade.
For certain species can be hairy, smooth, largallsmcompletely absent.

b) Blades: Leaf blades are twisted clockwise or anti-clod@wvhen viewed from

above, depending on the species type.

c) Ligules: The ligule is the collar or projection that wrag®und the stem and

lies between the leaf sheath and stem.

Lrguaie

Auricle

Leaf-shealh

Rye

toothed.
4. Leaf-blade: direction of twist

Barley

Oats Triticale
Key to indentification
Single tiller of young plant with 1. Leaf-sheath: hal v
L i ' - ry or hairiess: closed or open.
lear-biades twisited clockwise 2. Auricles: absent, short, medium lor leng,

when viewed form above. 3. Ligule: short, blunt, medium length, acute; long,

Figure 13: lllustration of the distinguishing features used to identify cereals at the vegetative stag

including auricles, blades and ligules (DPI, 2006).

The following will summarize the morphology of aulés, blades and ligules for

common cereals found in Manitoba (DPI, 2006).
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Barley: Hairless, long, clasping auricles that wrap arostem (Figure 14). Typically
hairless blades and sheath (sparse on some vsaYietiery small ligule. Blades twist
clockwise.

Figure 14: Photos of hairless ligule and auriclesfa barley plant (left: Flickr, 2012a; right: OKU,
2012)

Oats: No Auricles. Hairless blade and sheath (sparssamne varieties). Intermediate
length ligule. Anti-clockwise twisting blades.

Figure 15: Photos of oat ligule and collar region whout auricles (left: Flickr, 2012b; right: OKU,
2012)
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Rye: Pointy, short and hairless auricles. Hairiness lads and sheaths variable. Short
ligule. Clockwise twisting blades.

L _
Figure 16: Photos of rye plants to show ligule anduricles, as well as hairiness on stem (left: NWCB,
2010; right: OKU, 2012).

Wheat: Hairy, short, slender and clasping auricles. Btadad sheaths always hairy.
Intermediate to long length ligule. Clockwise twist blades.

|
|

Figure 17: Photo of wheat plant to show ligule anttairy, clasping auricles (OKU, 2012).
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During the reproductive stage of development dedirfeatures about the plants
inflorescence can be used to discriminate cer&aks.inflorescences of wheat, barley and
rye are called spikelets (Figure 18), with eachkalpt containing multiple florets or
flowers that attach along nodes on the paniclegies The inflorescence of an oat pant is
called a panicle, since it is composed of a numifebranches, to which multiple
spikelets are attached. The defining features @brescence which can be used to
differentiate cereals include (OS, 2011):

a) ikelets: contain one or more florets or flowers and forlong nodes in the
panicle.

a) Glumes. Modified leaves at the base of the spikelet.
b) Floret: Flower plus the internal bracts (palea) and eeoracts (lemma).
=

FK\_ awn
e R\VQ\\— spikedet

rachis

pedicel

WHEAT SPIKE OAT PANICLE
/pedicel
awn ]
caryopsis glume
pajea ! I / hill
| ume s S rachtlla
s S
lemma—<Z" /| Foro
lemma :;’:v:_-' j
' ) awn
rachilla palea
rachis 7/ rachis—t caryopsis
BARLEY
FLORET/SPIKELET WHEAT FLORET OAT SPIKELET

Figure 18: Inflorescence for various cereals incluitdig barley, wheat and oats (Flint, 1990).

The following will summarize the morphology of cafgrain inflorescences for
the major cereals found in Manitoba (OS, 2011).
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Barley: Inflorescence are spiked (Figure 19) and for eaaimnta there is one extending,
straight awn attached at the tip. Awns can feegjihoor smooth to the touch. Spikelets are
stacked, one on top of the other, contain singiElseAt each node along the panicle
three spikelets form (OSU, 2011).

Oats. Plants have a panicle inflorescence that attaaheket central axis via branches
(Figure 20). The large paper-like covers are thantgst glumes, which contain two to
three florets (Figure 20, right). One spikelet ferat the ends of branches (OSU, 2011).

Figure 20: left (OSU, 2011), http://btny.agriculture.purdue.edu/slideviewer/slides.cfm?sequence
=/slidesets/Poaceae/Poaceae.txt&slide=5&thumbs$ight)
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Rye: Inflorescences are also spiked, though generalhnén and longer compared to
other cereals like wheat (Figure 21). Rye plants aso taller than wheat (Figure 21,
right). Awns are brittle, thin, long and straightn the edges of lemma are hairs that are
small and stiff, and sometimes seeds can be seémging from lemma (OSU, 2012).

Oklahoma State Univeristy, 2000

Figure 21: Photo of rye plant inflorescence (left)and rye plants in wheat field to show height
differences (right) (OS, 2011).

Wheat: Spikelets are not stacked as with barley, but lattat alternating sides (Figure
22). Possible to have single or up to seven fldoetsched together (Figure 22). Paleas,
lemmas, and glumes are large, and all seeds appedavith one lemma and one palea.
Where awns and lemmas for rye and barely are rezall@ to the central axis of the
inflorescence, those for wheat protrude out at ad6t. When harvest ripe lemma, palea
and glumes can be red to white. Some varietieshefaivare also awnless, but all barley
varieties have awns. At each node on the paniaespikelet forms, which is again made
up of multiple florets (three to six) (OSU, 2012).

Figure 22: Photo of the alternating spikelets thatmake up the inflorescence of a wheat plant (left)
and the three florets that make up a single spiketdor certain varieties (right). (OS, 2011).
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1.1. Barley

1.1.1. General

In Manitoba barley is typically planted between yME' and May 31 and is
harvested from August to October. Plant densitgyfscally 22-25 plants/ft (MAFRI,
2011).

1.1.2. Example Growth Timeline (UIE, 2012)
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1.2. Oats

1.2.1. General

In Manitoba oats are planted between M&yad June 10and are harvested
between August and October. Plant density is tylgid8-23 plants/ft (MAFRI, 2011).
In 2009 and 2010 243 and 283 thousand hectaressgeded with oats (STATCAN,
2011).

1.2.3. Example Growth Timeline

Growth Photos of Photos of
Stage Plants Fields
9 Unless otherwise indicated (UKA, 2012) Unless otherwise indicated (AAFC, 2012)
11. (June 245 cm)
PP TR p————

=
(O]
€
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7] "
a 4 =
&) 13.
T
(0]
-
-

b (UKA, 2012)
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2. Tillering

21. (June ?' 15 cm)

3. Stem Elongation

2SS

35. (J
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49. (Aug 5, 51-100 cm)

4. Booting

6. Flowering

8. maturity

9. Senescence

99. (Sept 9,
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1.3. Wheat

1.3.1. General

In Manitoba wheat is planted between Mayahd May 31 and is harvested
between August and October. Plant density is tylpie3-28 plants/ft (MAFRI, 2011).
In 2009 and 2010 wheat covered the second largedes area of all crops at 1, 228 and
4, 000 thousand hectares. Canola covered the taaggssat 1, 295 and 2, 828 thousand
hectares (STATCAN, 2011).

1.3.2. Example Growth Timeline (UIE, 2012)

Growth
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3. Stem Elongation

4. Booting

_——Leaf?

Leaf 8

™ Tiller 3

Tiller 1
Leaf 3
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5. Inflorescence Emergence,

Heading

6. Flowering/Anthesis

\\ :
Tiller 1

Tiller 1
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7. Development of Fruit

8. Ripening
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9. Senescence
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Tiller 2

Tiller 1
e

L= Tiller 3

31




2.0. Corn

2.1. General

In Manitoba corn is planted between Ma}ahd May 15. Row spacing is
typically 30-36”, though 20” rows may also be enatmued. In some cases corn will be
planted in a no-till method. This means that yoy matice “stubble” in the field,
including soybean stubble (Figure 23).

[ L e o e B ’ ’
X g ;q_. # "'.",.‘-)"" et/ 4 e ’ ]
No-till Corn Emergenc

S : N o A
e e NS 2003, elsen Purdue Univ’

Figure 23: Corn plant emerging through soybean stuble. Photo shows plants at BBCH: 10 (Nielsen,
2003).
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2.2. Identifying Growth Stages: BBCH Scale
The following provides a description of the maievdlopmental stages for corn

based on the BBCH scale (Table 2). When staging mnember to consider the plant(s)
that is most representative of average field comnbt (Ritchie et al. 1993).

Table 3: BBCH growth stages for corn.

0. Germination 65 Male: upper & lower parts of tassel in flower
00 Dry seed (caryopsis) Female: stigmata fully emerged
01 Beginning of seed imbibition 67 Male: flowering completed
03 Seed imbibition complete Female: stigmata drying
05 Radicle emerged from caryopsis 69 End of flomgerstigmata completely dry
06 Radicle elongated, root hairs/side roots visible 7. Development of Fruit
07 Coleoptile emerged from caryopsis 7 Beginning of grain development: kernels at
09 Coleoptile penetrates soil blister stage, about 16% dry matter
1. Leaf Development 73 Early Milk
10 First leaf through coleoptile 75 Kernels in middle of cob yellowish-white
11 First leaf unfolded (variety-dependent),
12 2 leaves unfolded content milky, about 40% dry matter
13 3 Ieaves.unfolde.d 79 Nearly all kernels have reached final size
1. Stages continuous till ...
19 9 or more leaves unfolded 8. Ripening
3. Stem Elongatiort 83 Early dough: kernel content soft,
30 Beginning of stem elongation 45% dry matter.
31 First node detectable 85 Dough stage: kernels yellowish to yellow
32 2 nodes detectable 55% dry matter
33 3 nodes detectable 87 Physiological maturity: black dot/layer
3... Stages continuous till... visible at base of kernels, 60% dry matter
39 9 or more nodes detectable 89 Fully ripe: kernels hard & shiny,
5. Inflorescence Emergence, Heading 65% dry matter
51 Beginning of tassel emergence, tassel detectable at 9. Senescence
top of stem 97 Plant dead & collapsing
53 Tip of tassel visible 99 Harvested product
55 _ Middle of tassel emergence:
middle of tassel begins to separate
59 End of tassel emergence: ! Tillering or stem elongation may occur
tassel fully emerged & separated : A .
earlier than stage 19; in this case continue
6. Flowering, Anthesis with principal growth stage 3
61 Male: stamens in middl'e of tassel visible _
Female: tip of ear emerging from leaf sheath 2 In maize, tassel emergence may occur
Male: beginning of po”en Shedding ear”er, in this case continue with
63 Female: tips of stigmata visible principal growth stage 5.
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From Sprouting to Ripening

1. Leaf Development

13
3. Stem Elongation

5. Inflorescence
Emergence, Heading
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0. Sprouting/Germination

It will not be essential to identify stages 000®, as these occur below the soil
surface. At stage 09 the coleoptile penetratesdiielt is a rigid feature of the plant that
contains the tissue of first leaves.

1. Leaf Development

Following penetration of the surface by the coldepthe first leaf of the plant
emerges (Figure 3). The plant is identified as BBCQH, since the leaf has not
completely unfolded. Note that in comparison teeedés the leaf is thicker and larger.

Seedling Emergence 5 Days After Planting
(Equal to 114 soil-based GDD)

1st true leaf

Coleoptile

[R20074P urdue Univ, RIEA

Figure 24: Corn plant emerging through soil surfacewith first leaf just through the coleoptile. Photcs
show plants at BBCH: 10 (Nielsen, 2010).

The first true leaf of a corn plant is known as tthumb” or flag, because of its
round shape. If this leaf is full developed (ddsed subsequently) it should be counted.
It is the only rounded leaf on the plant and indtet developmental stages may be
missing due to damage or because it has driecHagd(r et al., 2006).

Figure 25: Corn plant well past emergence to showr§t “thumb” leaf (Nielsen, 2010).
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In the BBCH scale leaves are counted only when bae completely unfolded.
This may otherwise be known as the “droopy” leathod. Though it is best to stick with
this method for staging plants, there is anothedelyi used method that should be
considered in the field. This is the “collar coungfi method (Nielsen, 2010jNote: In
some case you may want to dissect the plant down the stem to get a better look at the
number of leaves.

1.1. Collar Method for Determining Leaf DevelopmentStage

For this method stem collars (base of leaves wbhkades attach to stems) are
counted to stage plants (Figure 26). Collars avaliysa lighter colour than the rest of the
plant, and are well developed when the leaf is mgngostly outside the whorl (Hager et
al. 2006). The collar method may be easier to Lideeiplant has been damaged (e.g. due
to hail), as this may result in missing leaves. d@ynparison the “droopy leaf” method
usually places plants one to two steps ahead ilBB@H scale. Note, the collar of the
“thumb leaf” is the first collar of the plant (Rite et al. 1993; Hager et al., 2006).

eaf blade, but
fi0 visible leaf collar

. \‘,.__“ ‘:-"‘-\ .
Leaf c%ﬁr #4
N

(LC4)

Leaf sf‘ieath

Figure 26: Photo of a corn plant with four visiblecollars, corresponding to BBCH: 14 (left> Nielsen,
2010 and right-> Ritchie, 1993).

The following provides additional photos of plaatsvarious leaf stages, as
counted by the number of collars.
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One Collar

Verylate V1ito
very.early V2 seedling

Crown of plant \.\ S
Soil surface

1st nodal roots

©2004, RUNielsen, Purdue Univ.
i e AT

Figure 27: Photo of a corn plant with one visible allar at early (left) and late (right) stage. Photo
shows plant at BBCH: 11 (left) and BBCH: 12 (right)(Nielsen, 2004).

Two Collars

Figure 28: Photos of a corn plant with two visiblecollars. Photos show plant at BBCH: 13 (Ritchie,
1993).
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Three Collars

V3 Corn Plant

(leaf coliar method)

Leaf #5 visible
from whorl

Leaf #4 with
no visible collar

e

Leaf #2
with collar

Rounded leaf #1
with collar

® 2004 Purdue Univ, RLNielsen

Figure 29: Photo of a corn plant with three visiblecollars. Photo shows plant at BBCH: 14 (Nielsen,
2010).

Four Collars

4 .

Figure 30: Photo of a corn plant with four visiblecollars. Red arrows are used to indicate the counde
collars. Photo also shows plant at about BBCH: 14H@ager et al., 2006).
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1.2. Droopy Leaf or BBCH Scale Method for Determinng Leaf Development Stage

To count the number of leaves of the plant, faegin with the “thumb” leaf at the
base. All subsequent leaves that are at least S0%de the whorl and or have tips
hanging below the horizontal (Figure 31) are codrftéager et al., 2006). At this point it
should be fully unrolled. This should be the prefdrmethod for staging plants, though
as mentioned previously it may be helpful to catetnumber of collars (Nielsen, 2010).

4-Leaf Corn Plant

(droopy leaf method) | Leaf #5 visibl —
el
// Leaf #4 with *Note tip
h Vi no visible collar below the

but “droopy” .
horizontal

Leaf #3
with collar

Leaf #2
with coliar

Rounded leaf #1
with collar

© 2004 Purdue Univ, RLNielsen

Figure 31: Corn plant with four leaves outside thevhorl, representing BBCH: 14 (Nielsen, 2010).

3. Stem Elongation

If the plant is in this stage of development, yall be able to detect nodes along
the stem. In the early stages of developmentneiessary to dissect the plant along the
stem in most cases, as many of the nodes will bgedo the soil surface (Figure 32).
Nodes appear as dense masses of plant materiad #gtopith. It should be noted that the
fifth leaf is usually attached to the first nodadNen, 2010). In later stages nodes should
also become more visible, as round bulges alonguksde of the stem.

: ~f§Distingg:i5H-*?;b$talk NS Internode Elondation
(asually the 5th _@D il

— Sheath of Leaf #5
attachesito Node #5

Abt1/4 Inchinternode 3
!

W Nodes #1 - #4
Y 7 Wi, S N
o K / ; " © 2009 Purdugliniv, RLNjelsen

Figure 32: Left shows dissected plant to expose tlfiest node, representing BBCH: 31 (Nielsen, 2010),
and right shows a dissected corn plant with five mies, representing BBCH: 35 (Nielsen, 2004)

5thnode




5. Inflorescence Emergence, Heading

Nodes are counted until the tassel becomes visibl¢he top of the stem,
representing BBCH: 51 (Figure 33). At this stage thssel may be wrapped in a leaf
inside the whorl, making it difficult to see. Nadteat in most cases the plant will begin
tasseling at BBCH: 15 or when five or more leavasehformed (Nielsen, 2004). To
stage the plant you may have to un-wrap this ledfa dissect the stem.

Figure 33: Photo of corn plant at the beginning ofasseling, representing BBCH: 51(Ritchie, 1993).

Figure 34 (left) shows a plant with nine leaves (BB 19), which when dissected
shows about 8 nodes and an already well devel@sseltemerging at the top of the stem
(BBCH: 55). As you can see in the photo, dissediiregstalk can help you see how much
of the tassel has emerged from the whorl.

Figure 34: Photo of dissected corn plant to exposke nodes, representing BBCH: 55 (Nielsen, 2000).
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When the tassel is fully emerged (BBCH: 59) th&dfi@ay look similar to Figure
35. Full tassel emergence usually occurs 50 dags thfe plant has germinated (Kling et
al., 1997). At this point the tassel should beyfideparated from the whorl and other
leaves. Tassels are also composed of several leafElgure 35).

*Note this is
the middle
branch.

UniviRUNEISen;

Figure 35: Left side shows photo of corn field tasding, representing BBCH: 59 (Nielsen, 2004), and
right side shows an illustration of one corn tasselith its multiple branches (Kling et al., 1997).

6. Flowering, Anthesis

BBCH: 61

The flowering/anthesis stage (BBCH: 61) begins wy@m can see anthers on the
middle branch of the tassel, which is where thegt fdevelop. These are the male
stamens of the plant (Figure 36). These stamensde@nthers and their filaments that
attach them to the floret (Figure 36). Anthesithis process by which pollen from anthers
is released (Kling et al., 1997).

Anther Exsertion on
Central Tassel Stalk

©2010) PurduelUniv; RUNielsen

Figure 36: Left is a corn plant at the start of flavering, anthesis stage, representing BBCH: 61
(Nielsen, 2004), and right shows an illustration dfilaments and anthers of the florets.
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Also at BBCH: 61 you will start to see the corm emerging from the leaf sheath.

. .- ©2004 Purdue Univ, RLNielsen

Figure 37: Corn ear at early stages of emergencedm leaf sheath (Nielsen, 2004).

BBCH: 63

At BBCH: 63, pollen shed begins for corn plantsg(FFe 38). This may occur
sporadically within a field and take up to two weelor the entire field to finish
pollination. When the plant is pollinating you wike open pores on anthers (Nielsen,
2004).

©72010% Purdue{UniviRENielsen:

Purdue Univ; R_LNi:elsen <l

Figure 38: Left is a photo of corn pollen and rightis a photo of anthers with open pores, representin
BBCH: 63 (Nielsen, 2004)
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At this point you should also start to see silkeeging from the corn husks. This
is the female stigmata, that catches falling pofienpollination of kernels inside the
husk. For this reason there is one silk per kgiiisen, 2004). To stage plants you may
need to un-wrap the husk to determine how mucthefsilk has emerged. At the time
silks start to emerge the corn ear should lookitikives in Figure 39.

R1!(silking) Stage ‘Silk\Eength Along Length of Cob at
i SilkiEmergence Through Husk

£ 2007, Purdue Univ, RLNielsen ©°2004 Purdue Univ, RLNielsen

Figure 39: Left shows outside appearance of corn eat time of BBCH: 63, where silks are beginning
to emerge from the husk, and right shows cob insideusk at this time (Nielsen, 2010).

BBCH: 65

At this stage of development the upper and evelyttia lower (as they are the
last to develop) branches of the tassel shouldagoainthers, shedding pollen. Corn silks
have completely emerged from the husk. Silk lengtid colour may vary by plant,
varieties and fields, but remember that silks stiawdt be too dry or dark in colour at the
time of early emergence (Figure 40).

’
© 2009 Purdue'Uuniv, RI!Nielsen

L

Figure 40: Appearance of ear of corn at early sillemergence, representing BBCH: 65 (Nielsen, 2010).
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BBCH: 67 & 69

At this stage corn silks are turning a darker cpland are beginning to dry out.
At this time there may be missing anthers due éontldrying out and falling off.

- -

R2 (Bllster) Stage 35
(9 days after sﬂkmg '3 ’

'days after sﬂklng)

iv, RLNielsen

Figure 41: Appearance of ear of corn at the time a$ilk dry down, representing BBCH: 67 (Nielsen,
2010).

7. Development of Fruit

Stages 7 (Development of Fruit) and 8 (Ripening)less important to identify as
much of the plant development occurs only in the. étote that the cob will increase in
size as the kernels fill with milk(Figure 42).

R3 (Milk) Stage

(16 days after silking)

@ 2007, Purdue , RLNielsen & I @ zn?, ‘Purdue Univ, RL Nielsen

Figure 42: Appearance of ear of corn at the time aofilk and dough stage, representing BBCH: 75
and BBCH: 85 (Nielsen, 2001).
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9. Senescence
Senescent corn is yellow to white in colour arldglly contains fewer leaves,

and in some cases no tillers. Plants may also tmestthan previously. Corn is not

usually harvest ready until October to Novembdvlanitoba and so plants at this stage

will not likely be encountered.

Figure 43: Appearance corn in the field at the timeof senescence, representing BBCH: 99, as well as
an ear of corn at the same time (NCB, 2010).
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2.3. Example Growth Timeline

The following photos, timeline, and height measwats provides an example of
growth over time in a typical corn field (Figure)44

July 2, 31-50 cm July 7, 50 cm _ July, 26,>1m

B b o0 \

Figure 44: Photos, timeline and height measurementsr a typical corn field (AAFC, 2012).
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