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Insects, Mites, And Nematodes

VIDEO: Scouting Western Bean Cutworm Post-
Whorl, Possible But Tedious — (Christian Krupke and John
Obermeyer)

The vast majority of cornfields in the northwestern coun-
ties of Indiana have reached or are past pollination. How-
ever, western bean cutworm moths, though beyond peak
flight, are still flying and laying eggs. In the last week or so,
scouting emphasis has shifted from sampling for egg mass-
es in pre-tassel corn to finding early instar (VERY tiny and
elusive) larvae in the ear zone of R1 and R2 corn (refer to
Bob Nielsen’s article on corn’s reproductive stages). The
following video will hopefully assist you in scouting for and
understanding this pest while it attempts to establish in de-
veloping corn ears.

Early instar western bean cutworm larva on the silks near a
pollen anther

http://extension.entm.purdue.edu/pestcrop/index.html
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VIDEO: WBC scouting post-whorl corn

Western Corn Rootworm Beetle Numbers Unimpres-
sive, Likely Good News for Next Year’s Corn - (Christian
Krupke and John Obermeyer)

* Emergence continues, but low populations of adults
again this year.

* Many fields are pollinating, yet few beetles spotted.

* Fewer beetles = fewer eggs for next year’s population.

There is no question that western corn rootworm beetles
are low this year, which correlates with the lack of corn lodg-
ing reports received... namely zero. The last three springs
during egg hatch, frequent rains and saturated soils have
dramatically increased larval mortality. However, there may
be something else at work here.

Ever-increasing adoption of highly effective Bt hybrids
for rootworm control is likely contributing to this decline in
population. We know that these hybrids typically cause
90%+ mortality in RW larvae. Contrast that with the years of
granular insecticides, which effectively protected the roots
and crop, but did not do much to lower populations. The Eu-
ropean corn borer (ECB) as a key corn pest may offer some
guidance here as well. The Bt toxins for this pest are higher
in dose, typically leading to mortality in over 99% of insects
that contact it. However, ECB have several dozen other po-
tential hosts, ranging from cattails to many common weeds
such as ragweed. Yet, throughout most of the country, ECB
is now an afterthought in discussions of key corn pests.

In contrast, corn rootworms are essentially limited to
corn as a host — meaning that in areas of high-use Bt-RW
corn, essentially every host plant is toxic to them. Could we

be seeing the early signs of population-level effects of ex-
tensive Bt corn adoption? We don’t know the answer, but
it is worth thinking about. It is difficult, if not impossible, to
tease apart environmental and agronomic factors in a pest
with such a huge geographic range. But it's reasonable to
expect that continued adoption and effectiveness of Bt corn
will cause a reduction of WCR populations on an area-wide
scale. This makes it even more critical that we continue to
be good stewards of this highly-effective technology — plant
a refuge!

Consider that fewer beetles will lay fewer eggs for next
year. Now is the time when beetle populations can be as-
sessed in pollinating corn and soybean for next year’s root-
worm risk where corn will be planted. Pollen from a multitude
of weeds (e.g., foxtails, volunteer corn, ragweeds, lambs-
quarters, pigweeds, etc) will draw them in to feed, potentially
leading to unexpected lodging. Investigations in these areas
during the next few weeks will help make informed control
decisions for next year.

Western corn rootworm beetles love pumpkin flowers for
their pollen
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Black Light Trap Catch Report - (John Obermeyer)
7/6/10 - 7/12/10 7/13/10 - 7/19/10

County/Cooperator VC |BCW |ECB| WBC |CEW|FAW|AW | VC [BCW |ECB| WBC |CEW | FAW | AW
Dubois/SIPAC Ag Center 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Jennings/SEPAC Ag Center | 0 0 0 0 0 0 1 0 0 0 0 0 0 17
Knox/SWPAC Ag Center 0 0 0 0 0 0 1 0 0 0 0 0 0 0
LaPorte/Pinney Ag Center 0 0 0 73 0 0 0 0 1 0 86 0 0 0
Lawrence/Feldun Ag Center | 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Randolph/Davis Ag Center 0 0 0 0 0 0 11 0 0 0 0 0 0 5
Tippecanoe/TPAC Ag Center| 2 7 0 4 0 0 131 0 4 0 5 0 0 19
\Whitley/NEPAC Ag Center 0 0 0 14 0 0 8

VC = Variegated Cutworm, BCW = Black Cutworm, ECB = European Corn Borer, SWCB = Southwestern Corn Borer,

CEW = Corn Earworm, FAW = Fall Armyworm, AW = Armyworm, WBC = Western Bean Cutworm
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Western Bean Cutworm Adult Pheromone Trap Report
Week 1= 6/18/10 - 6/23/10 Week 2 = 6/24/10 - 6/30/10 Week 3 =7/1/10 - 7/7/10
Week 4 - 7/8/10 - 7/14/10 Week 5 =7/15/10 - 7/21/10
WBC Trapped
County Cooperator Week 1 Week 2 Week 3 Week 4 Week 5
Adams Kaminsky/ New Era Ag - Monroe 0 9 3 1
Adams Roe/Mercer Landmark - Pleasant Mills 0 1 6 5 0
Allen Anderson/Syngenta - Churubusco 0 3 3 1 1
Allen Gynn/Southwind Farms - Ft. Wayne 0 1 12 5 4
Allen Hoffman/ATA Solutions - Monroeville 1 6 61 9 2
Benton Babcock/Ceres Solutions - Boswell 1 2 5 6
Benton Schellenberger/ Ceres Solutions - Earl Park 0 0 7 5 4
Benton Tabert/Pioneer - Oxford 10 22 30
Clay Bower/Ceres Solutions - Clay City 1 0 0
Clay Bower/Ceres Solutions - Brazil 0 0 0 0 0
Dubois Eck/Purdue CES - Jasper 0 0 0 0 0
Elkhart Willard/Crop Tech Inc - Millersburg 0 54 59 7
Fayette Schelle/Falmouth Farm Supply - Falmouth 0 0 0 0 0
Fountain Mroczkiewicz/Syngenta - Rob Roy 0 0 0 0 0
Fulton Early/Pioneer - Fulton County 218 83 50
Fulton Jenkins/North Central Coop - Kewanna 0 19 178 32 2
Fulton Jenkins/North Central Coop - Rochester 0 18 54 71 29
Fulton Metzger/Pioneer - Bob Plot 7 97 269 366
Fulton Metzger/Pioneer - Scot East 1 13 61 122
Fulton Metzger/Pioneer - Zechiel Dads 2 12 163 266
Hamilton Beamer/Beck’s Hybrids - Atlanta 0 0 3 0 0
Hamilton Beamer/Beck’s Hybrids - Sheridan 0 0 1 0 0
Hendricks Nicholson/Nicholson Consulting - Danville 0 5 8 2 1
Jasper Childs/Heritage Seed - Fair Oaks 3 40 240 506 366
Jasper Childs/Heritage Seed - Green 2 47 384 661 70
Jasper Mcliwain/Pioneer - Mt. Ayr 635 366 57
Jasper Nagel/Ceres Solutions - Fishers 10 394 240 45 31
Jasper Nagel/Ceres Solutions - Game Preserve 1 0 2 3 3 1
Jasper Nagel/Ceres Solutions - Game Preserve 2 0 0 17 16 1
Jasper Nagel/Ceres Solutions - Hanging Grove 0 6 31 13 0
Jasper Nagel/Ceres Solutions - Kniman 1 0 15 45 11 2
Jasper Nagel/Ceres Solutions - Kniman 2 0 74 146 26 20
Jasper Nagel/Ceres Solutions - Moffit 0 16 95 2 0
Jasper Nagel/Ceres Solutions - North Marion 0 6 32 4 0
Jasper Nagel/Ceres Solutions - Parr 0 36 58 8 2
Jasper Nagel/Ceres Solutions - Pleasant Ridge 0 14 124 52
Jasper Overstreet/Purdue CES - Wheatfield 0 0 235 238
Jasper Strange/Pioneer - Rensselaer 61 289 480 126
Jasper Zacher/Ceres Solutions - Roselawn 0 108 506 136 12
Jay Shrack/RanDel AgriServices - Dunkirk 0 0 2 1 0
Jennings Bauerle/SEPAC - North Vernon 0 0 0 0 0
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Western Bean Cutworm Adult Pheromone Trap Report
Week 1 = 6/18/10 - 6/23/10 Week 2 = 6/24/10 - 6/30/10 Week 3 =7/1/10 -7/7/10
Week 4 = 7/8/10 - 7/14/10 Week 5 =7/15/10 - 7/21/10
WBC Trapped
County Cooperator Week 1 Week 2 Week 3 Week 4 Week 5
Knox Bower/Ceres Solutions - Westphalia 0 0 2 0 0
Knox Bower/Ceres Solutions - Vincennes 1 1 1 0 0
Knox Cardinal/SWPAC - Vincennes N 0 0 0 0
Lake Kleine/Kleine Farms - Cedar Lake 0 16 104 30 9
Lake Moyer - Schneider 1 205 320 12
Lake Moyer - Shelby 4 146 259 24
LaPorte Rocke/Agri Mgmt Solutions - Wanatah SE 155 306 480 152 146
LaPorte Rocke/Agri Mgmt Solutions - LaCrosse E 1 6 411 118 192
LaPorte Werner/Pioneer - Hanna 212 125 130
Marshall Barry/North Central Co-op - Bremen 0 6 157 202 150
Marshall Miller/North Central Co-op - Inwood 0 67 364 130 3
Miami Early/Pioneer - Miami County 25 149 62
Newton Gibson/Pioneer - Lake Village 600 N 10 228 361
Newton Gibson/Pioneer - Morocco, Division Rd. 13 221 107
Newton Gibson/Pioneer - Town of Morocco 300 S 0 122
Newton Moyer - Lake Village 3 91 40 17
Newton Padgett/Pioneer - US 41 & 1000 S Kentland 141 157 89
Newton Ritter/Purdue CES - Morocco 0 42
Porter Leuck/PPAC - Wanatah N 7 2 250 155 26
Porter Rocke/Agri Mgmt Solutions - Westville W 1 63 125 347
Pulaski Metzger/Pioneer - Butch Farm 5 41 85 37
Pulaski Miller/Pioneer - SR 119 100 W 9 113 292 214 22
Pulaski Nagel/Ceres Solution - Francesville 0 0 10 10 17
Pulaski Nagel/Ceres Solution - Medaryville E 0 30 21 89 119
Pulaski Nagel/Ceres Solution - Medaryville SW 0 1 14 16 3
Pulaski Roberts/Pioneer - 400 E & 200 N 7 569 674 478 188
Pulaski Roberts/Pioneer - 675 E 900 S 0 3 101 109 37
Pulaski Rocke/Agri Mgmt Solutions - Francesville E 1 7 115 135 184
Pulsaki Rocke/Agri Mgmt Solutions - Medaryville E 10 85 268 139 617
Pulaski Rocke/Agri Mgmt Solutions - SR 39 & 14 0 2 58 71 168
Pulaski Rocke/Agri Mgmt Solutions - Winamac NE 0 73 524 246 160
Putnam Nicholson/Nicholson Consulting - Greencastle 0 1 0 0
Randolph Boyer/DPAC - Farmland 0 3 2 0
Rush Schelle/Falmouth Farm Supply - Carthage 0 0 0 0
Starke Pflugshaupt/Pioneer - Hamlet 121 314 206 44
Starke Wickert/Wickert Agron Svc. - N. Judson 2 5 11 9 10
Sullivan Bower/Ceres Solutions - Sullivan 0 0 0 2 0
Tippecanoe Bower/Ceres Solutions - West Point 2 20 4 0 1
Tippecanoe Nagel/Ceres Solutions - Otterbein 0 0 8 2 3
Tippecanoe Obermeyer/Purdue Entomology - Agry Farm 1 1 5 1 4
Tippecanoe Schroeder/Monsanto Research Farm - W. 4 19 8 6
Lafayette
Warren Brutus/Dairyland Seed - Pine Village 0 0 1 2
White-Cass Anderson/Pioneer - White-Cass County Line 131 0
Whitley Walker/NEPAC - Columbia City 0 1 29 9 4




Pest&Crop No. 17

July 23, 2010 e Page 6

Weeds

Glyphosate Resistant Waterhemp in Indiana — (Chad
Brabham and Bill Johnson)

Horseweed, giant ragweed and common ragweed have
been confirmed glyphosate-resistant in Indiana and now
glyphosate-resistant waterhemp can be added to the list. In
the summer of 2009, seeds of two suspected glyphosate-
resistant waterhemp populations (WR1 and WR2) were col-
lected from southwest Indiana soybean fields and screened
for resistance in greenhouses at Purdue and Southern II-
linois University-Carbondale. Plants ranging from 3 to 5
inches in height were sprayed with glyphosate at 0.75 and
2.25 Ibs of ae/a. At 21 days after application (DAT) individual
plants were rated as dead or alive and percent survival of
the two suspect populations were compared to known resis-
tant and susceptible biotypes.

Figure 1. Control of glyphosate susceptible and resistant
waterhemp at 21 days after treatment

Glyphosate has generally been an effective herbicide for
control of waterhemp. However, control can be variable at
times. In the known sensitive population, 0.75 Ib ae/A of
glyphosate killed 80% of the plants and 94% were killed with
2.25 Ibs of glyphosate. The resistant biotype displayed some
stunting and chlorosis, but only 10% were killed with either
rate of glyphosate and 90% survived. The WR1 population
had survival rates of 92% and 57% respectively, with the
0.75 and 2.25 Ib rates. Percent survival in the WR2 popula-
tion was 64% and 33%, respectively. Plants from WR1 and
WR2 survived applications that controlled the susceptible
biotype indicating glyphosate resistance is present in both
populations. Further testing will be performed on future gen-
erations to determine the inheritance and level of glypho-
sate-resistance in these particular populations.

Table 1. Percent survival of waterhemp populations 21 days
after glyphosate treatments of 0.75 and 2.25 Ibs ae/a

Glyphosate can be used to effectively control glypho-
sate-susceptible waterhemp, but not glyphosate-resistant
populations. Alternative methods will be needed to control
glyphosate resistant populations. Researchers in Missouri
and lllinois have isolated waterhemp populations that are
resistant to glyphosate and PPO (Cobra/Flexstar), PSII
(Sencor), and ALS (Classic/FirstRate) inhibiting herbicides.
Weed Scientists sarcastically call these populations double,
triple, or quadruple stacks!

The bottom line is that we now have glyphosate resis-
tant waterhemp in Indiana. The populations discussed here
are in Vigo county in the southwest part of the state. We
have significant waterhemp infestations in southern Indiana,
northwest Indiana and east central Indiana as well. It would
not surprise us if eventually we have glyphosate resistant
waterhemp populations in those areas as well if we don’t
change management tactics. For more information on con-
trol of glyphosate-resistant waterhemp please check out
the extension publication ‘Biology and Management of Wa-
terhemp’ at <http://www.glyphosateweedscrops.org/>. We
would also like to thank Bryan and Julie Young at SIU for
providing seed to use in our greenhouse screening experi-
ments and for running additional screening experiments to
confirm that our populations are glyphosate resistant.
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Plant Diseases

Bacterial Stalk Rot of Corn — (Kiersten Wise)

Slimy, discolored corn stalks are being observed in seed
and dent corn fields around Indiana. Bacterial stalk rot, can
be caused by several species of bacteria, but Erwinia chry-
santhemi pv. zeae is likely the cause of many of the symp-
toms observed in Indiana. This stalk rot can periodically
cause problems in Indiana corn, especially when hot, wet
weather precedes tasseling.

Symptoms of bacterial stalk rot first appear as tan or
brown, water-soaked spots on the leaf sheaths on the inter-
nodes of the stalk (Figure 1). Lesions can also form on the
leaves, and infected plants wilt and collapse as the infection
progresses through the stalks. The pith of infected plants
will decay and be mushy or soft. Infected plants are typically
scattered throughout a field or in small pockets within a field.

The bacterium that causes this stalk rot survives on resi-
due and infects plants through natural openings on the plant,
or wounds caused by heavy rain, high winds, hail damage,
or insect feeding. High humidity and high temperatures (85
to 95°F) favor disease development. Plant-to-plant trans-
mission of the bacterium is not common, except where high
populations of insects are present.

Management of bacterial stalk rot depends on the type
of corn and production system. In hybrid corn fields, cultiva-
tion to encourage residue decomposition can help reduce
the level of bacteria in affected fields. In seed corn produc-
tion, avoid excess overhead irrigation, and irrigation from
ponds, rivers, or lakes that may harbor bacteria. Kocide
3000 is a fungicide/bactericide that is labeled for bacterial
stalk rot management and this chemical may be an option to
manage the disease in seed corn production, depending on
the size of the affected area within a field.

Figure 1: Tan, water-soaked lesions on leaf sheaths and stalks typical of bacterial stalk rot
of corn (Picture courtesy Brian Willard).
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Agronomy Tips

Navigating Through the Grain Fill Period — (Bob
Nielsen)

The bulk of Indiana’s corn crop is moving beyond the
pollination period and into the early stages of the important
grain filling period. Success during the next 45 to 60 days
will be measured in terms of kernel set and kernel weight.
The degree to which the grain filling period is successful
depends primarily on whether the solar-powered photosyn-
thetic factory growers have worked so diligently to construct
back in May and June will operate efficiently through early
September.

The earliness of planting for many growers, coupled with
lengthy periods of above-normal temperatures this year, set
the stage for an early maturity date for quite a bit of the Indi-
ana crop. Silking progress to date has been on par with the
record-setting earliness of 2004 and certainly reinforces the
likelihood for an early maturity to this crop and prospects for
more rapid grain drydown in the field prior to harvest than
last year’s nightmare.

The fearmongerers among us point to several key fac-
tors that could make or break the yield potential of this year’s
crop. First of all, it is no secret that there yet exist quite a few
“ugly” fields of corn that remain stunted and uneven in their
development. The primary culprit was the excessive dam-
age to the root systems from lengthy periods of saturated
soils in May and June. Most of these fields will not come
close to achieving their maximum yield potential.

Secondly, the frequent and excessive rains back in May
and June occurred during the establishment of the root sys-
tems of those corn plants. In addition to outright root death,
the consequences of extended periods of wet soils include
the development of a shallow root system. If the rain “spig-
ot” would shut off for the remainder of the grain fill period,
drought-like symptoms would quickly develop and take its
toll on kernel survival and kernel weight.

Thirdly, conditions have been favorable for early infec-
tion of certain important foliar diseases of corn, including
gray leaf spot. Significant loss of photosynthetically-active
leaf area due to such diseases, or drought, or nitrogen de-
ficiency, or hail damage during the grain filling period would
weaken stalk integrity and increase the plants’ susceptibility
to root and stalk rot organisms. This can occur when pho-
tosynthetically-challenged plants respond by “cannabilizing”
or remobilizing stored carbohydrate reserves from the lower
stalks and leaves to the developing grain on the ears. Fewer
carbohydrates are available for maintenance of root health
and the removal of carbohydrates results in physically weak-
ened lower stalks. Grain yield suffers and harvestability can
be compromised.

Fourthly, above-normal temperatures during the grain
filling period are not favorable for optimum yield. Excessively
warm temperatures encourage a faster grain filling rate per
day (good) but a shorter grain filling time period (not good).
The abbreviated length of the grain filling period during warm
temperature regimes tends to outweigh the benefits of faster
daily grain fill rates.

On the positive side............ If soil moisture remains ad-
equate and plants remain healthy and temperatures mod-
erate soon, there is tremendous yield potential in some of
these fields around the state.

Related Reading
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kingcorn.org/news/timeless/GrainFill.htmI> [URL accessed
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Nielsen, RL (Bob). 2008. Kernel Set Scuttlebutt. Corny
News Network, Purdue Univ. [online] <http://www.kingcorn.
org/news/timeless/KernelSet.him/> [URL accessed July
2010].

Nielsen, RL (Bob). 2009. Field Drydown of Mature Corn
Grain. Corny News Network, Purdue Univ. [online] <htip://
www.kingcorn.org/news/timeless/GrainDrying.html>. [URL
accessed July 2010].

Nielsen, RL (Bob). 2009. Stress During Grain Fill: A Har-
binger of Stalk Health Problems Corny News Network, Pur-
due Univ. [online] <htip://www.kingcorn.org/news/timeless/
StalkHealth.html>. [URL accessed July 2010].

Wise, Kiersten. 2010. Conditions Favorable for Gray
Leaf Spot in Corn. Purdue Pest & Crop Newsletter, Pur-
due Univ. [online] <htip://extension.entm.purdue.edu/pest-
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July 2010].

Grain Fill Stages in Corn — (Bob Nielsen)

The grain fill period begins with successful pollination
and initiation of kernel development, and ends approximate-
ly 60 days later when the kernels are physiologically mature.
During grain fill, the developing kernels will be the primary
sink for concurrent photosynthate produced by the corn
plant. What this means is that the photosynthate demands
of the developing kernels will take precedence over that of
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much of the rest of the plant. In essence, the plant will do all
it can to “pump” dry matter into the kernels, sometimes at the
expense of the health and maintenance of other plant parts
including the roots and lower stalk.

A stress-free grain fill period can maximize the yield
potential of a crop, while severe stress during grain fill can
cause kernel abortion or lightweight grain and encourage the
development of stalk rot. The health of the upper leaf canopy
is particularly important for achieving maximum grain filling
capacity.

Kernel development proceeds through several relatively
distinct stages that were originally described by Ritchie et al.
(1993). This article offers a pictorial tour of the grain filling
period of a 109 CRM hybrid planted April 18, 2007 at the
Purdue Agronomy Farm in west central Indiana.

Silking Stage (Growth Stage R1)

Some may argue whether silking should be labeled as
a kernel growth stage, but nonetheless silk emergence is
technically the first identifiable stage of the reproductive pe-
riod. Silks remain receptive to pollen grain germination up to
10 days after silk emergence (Nielsen, 2007a). Silk receptiv-
ity decreases rapidly after 10 days if pollination has not yet
occurred. Natural senescence of silk tissue over time results
in collapsed tissue that restricts continued growth of the pol-
len tube. Silk emergence usually occurs in close synchrony
with pollen shed (Nielsen, 2007b), so that duration of silk re-
ceptivity is normally not a concern. Failure of silks to emerge
in the first place (for example, in response to silkballing or
severe drought stress) does not bode well for successful
pollination.

Appearance of silks at growth stage R1

Closer view of cob and ovules with silks removed at growth
stage R1

Cross-section of cob at growth stage R1

Kernel Blister Stage (Growth Stage R2)

About 10 to 14 days after silking, the developing ker-
nels are whitish “blisters” on the cob and contain abundant
clear fluid. The ear silks are mostly brown and drying rapidly.
Some starch is beginning to accumulate in the endosperm.
The radicle root, coleoptile, and first embryonic leaf have
formed in the embryo by the blister stage. Severe stress can
easlily abort kernels at pre-blister and blister stages. Ker-
nel moisture content is approximately 85 percent. For late
April to early May plantings in Indiana, the thermal time from
blister stage to physiological maturity is approximately 960
GDDs (Brown, 1999).
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Closer view of drying silks at growth stage R2

Clear sugary fluid from developing kernel cut with knife at
growth stage R2

Depth of kernels in cross-section of cob at growth stage R2
Kernel Milk Stage (R3)

About 18 to 22 days after silking, the kernels are mostly
yellow and contain “milky” white fluid. The milk stage of de-
velopment is the infamous “roasting ear” stage, that stage
where you will find die-hard corn aficionados standing out in

their field nibbling on these delectable morsels. Starch con-
tinues to accumulate in the endosperm. Endosperm cell divi-
sion is nearly complete and continued growth is mostly due
to cell expansion and starch accumulation. Severe siress
can still abort kernels, although not as easily as at the blister
stage. Kernel moisture content is approximately 80 percent.
For late April to early May plantings in Indiana, the thermal
time from milk stage to physiological maturity is approxi-
mately 880 GDDs (Brown, 1999).

Ear with husks removed showing kernels and spent silks at
growth stage R3

Milky sugary fluid from developing kernel cut with knife at
growth stage R3

Depth of kernels in cross-section of cob at growth stage R3
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Kernel Dough Stage (R4)

About 24 to 28 days after silking, the kernel’s milky in-
ner fluid is changing to a “doughy” consistency as starch ac-
cumulation continues in the endosperm. The shelled cob is
now light red or pink. By dough stage, four embryonic leaves
have formed and the kernels have reached about 50 percent
of their mature dry weight. Kernel moisture content is ap-
proximately 70 percent by R4. Kernel abortion is much less
likely to occur once kernels have reached early dough stage,
but severe stress can continue to affect eventual yield by re-
ducing kernel weight. For late April to early May plantings in
Indiana, the thermal time from dough stage to physiological
maturity is approximately 670 GDDs (Brown, 1999).

Ear with husks removed showing kernels and spent silks at
growth stage R4

Depth of kernels in cross-section of cob at growth stage
R4. Note the pinkish color developing in the cob tissues

Cross-section of R4 kernel reflecting the conversion of
sugary fluids present at R3 in the endosperm to the solid
(doughy) starch present at R4

Kernel Dent Stage (R5)

About 35 to 42 days after silking, all or nearly all of the
kernels are denting near their crowns. The fifth (and last)
embryonic leaf and lateral seminal roots form just prior to the
dent stage. Kernel moisture content at the beginning of the
dent stage is approximately 55 percent.

A distinct horizontal line appears near the dent end of
the kernel and slowly progresses to the tip end of the kernel
over the next 3 weeks or so. This line is called the “milk line”
and marks the boundary between the liquid (milky) and solid
(starchy) areas of the maturing kernels.

For late April to early May plantings in Indiana, the ther-
mal time from full dent (kernel milk line barely visible) to
physiological maturity is approximately 350 GDDs (Brown,
1999). Thermal time from the half-milkline stage to physi-
ological maturity for similar planting dates is approximately
280 GDDs. One of the consequences of delayed planting is
that thermal time from the dent stage to physiological matu-

Kernel apprearance at ealy R5. Approximately 36 kernels
per row an about 7 per row and about 7 non-pollinated
ovules at tip
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rity is shortened, though this may simply reflect a premature
maturation of the grain caused by the cumulative effects of
shorter daylengths and cooler days in early fall or by outright
death of the plants by a killing fall freeze.

Severe stress can continue to limit kernel dry weight ac-
cumulation between the dent stage and physiological matu-
rity. Estimated yield loss due to total plant death at full dent
is about 40%, while total plant death at half-milkline would
decrease yield by about 12% (Carter & Hesterman, 1990).

Depth of kernels in cross-section of cob at late R5. Kernel
milkline has nearly dissappeared into cob glume tissue

Depth of kernels in cross-section of cob at early R5. Kernel
milkline not yet visible. Pinkish cob tissue clearly visible

Cross-section of late R5 kernel showing the discolored
placental cell layers that have noticeably thinned

Cross-section of early R5 kernel Physiological Maturity (R6)

About 55 to 65 days after silking, kernel dry weight usu-
ally reaches its maximum and kernels are said to be physi-
ologically mature and safe from frost. Physiological maturity
occurs shortly after the kernel milk line disappears and just
before the kernel black layer forms at the tip of the kernels.
Severe stress after physiological maturity has little effect on
grain yield, unless the integrity of the stalk or ear is com-
promised (e.g., damage from European corn borer or stalk
rots). Kernel moisture content at physiological maturity aver-
ages 30 percent, but can vary from 25 to 40 percent grain
moisture.

Kernel appearance at late R5. Approximately 42 kernels
per row and about 2 non-pollinated ovules at tip
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Ear and kernel appearance at growth stage R6 (physiologi-
cal maturity); about 63 days after mid-silk

Depth of kernels in cross-section of cob at growth stage
R6. Kernel milkline has disappeared into cob glume tissue

Cross-section of kernel at growth stage R6 depicting the
kernel black layer (dead & collapsed placental cells near
the tip of the kernel)

Harvest Maturity

While not strictly a stage of grain development, har-
vest maturity is often defined as that grain moisture content
where harvest can occur with minimal kernel damage and
mechanical harvest loss. Harvest maturity is usually consid-
ered to be near 25 percent grain moisture.
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