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Introduction

Pawel Wiatrak

Corn is o of themainrow cropsin the United Stateg\ccording to the USDA National
Agricultural Statistics Serviceorn acreage increased from 80.2 369nillion acresand total
production increased from 9.76 billion bushels tal18llion bushels in the U.Srom 1998 to
2007. For the same period, the acreage of planted corn increased in South €amlB8&0,000
acres ta100,000 acresAbout 355,000 acres of comere planted in South Carolina in 2008. In
2007,0rangeburgClarendon Sumtey andLee Counteshad the highest corn acreages and
accounted for 37% of the corn grown in South Card(irable 1) Thehighest average yieldd
122 and 113 Bu/acre were estimated for Sumter and Clarendon Counties, respétigvely.
average yield for the State was IB@acre in 2006100 Bu/acre in 20Q7and65 Bu/acre in

2008.

Tablel. 2007 County corn production in South Carolina.

County Planted (acres) |Harvested (acres) |Yield (Bu/acre) |Production (bushels)

Orangeburg 47,900 46,100 108 4,997,20(
Clarendon 35,500 35,204 113 3,965,50(
Sumter 33,70d0 32,00( 122 3,916,80(
Lee 31,800 27,70( 94 2,606,10(
Williamsburg 25,004 23,704 95 2,257,40(
Horry 24,70( 24,00( 106 2,553,60(
Florence 23,50( 22,60( 106 2,404,60(
Darlington 23,004 22,104 89 1,976,50(
Dillon 14,10 14,00d 91 1,279,60(
Allendale 13,70d 13,30d 83 1,107,20(
Calhoun 12,00d 11,80( 102 1,203,20(
Hampton 11,30d 10,80( 86 923,40(
Richland 9,700 8,800 90 795,50(
Barnwell 9,000 8,600 65 560,00
Colleton 8,900 7,600 79 596,60(
Marion 8,400 8,000 102 815,60(0
Dorchester 8,300 7,500 101 760,200
Bamberg 8,000 7,200 96 687,600
Lexington 7,800 7,700 104 803,80(
Marlboro 6,100 5,300 107 569,700
Newberry 5,600 1,100 80 87,90(
Chesterfield 5,200 5,000 98 490,60(
Aiken 4,600 3,700 71 263,600
Berkeley 3,100 2,600 70 182,400
Kershaw 2,900 2,600 101 263,600
D40 Combined Counties 2,500 1,500 76 113,60(
Georgetown 2,400 2,200 109 239,00(
D10 Combined Counties 1,800 1,100 65 71,00(
D80 Combined Counties 1,600 1,000 103 102,50(
Fairfield 1,500 1,400 102 143,00d
D20 Combined Counties 1,400 800 84 66,90(
Anderson 1,300 300 30 9,000
Edgefield 1,200 800 70 56,30(
Spartanburg 1,100 800 74 58,900
Charleston 800 700 60 42,000
York 600 400 74 29,60(
State Total 400,00d 370,00( 100 37,000,00(




The 20® South Carolin@ornProduction Guide is a revisethd updatedersion of the2008
South Carolina Corn Production GuideQd 587), which was edited bipr. Pawel Wiatrak
Assistant ProfessarCorn and Soybeafigronomistat Clemson University.

Themention of any commercial product in this publication does not imply its endorsement by
Clemson University over other products, noesl@mission of the product imply that it is not
satisfactoryPesticide labels are constantly being revised, so please read and follow label
directions carefully before you buy or apply pesticides.



Corn production and market risk management
Todd D Davisand Charles E. Curtis, Jr.

The profitability of corn is often directly related to how well thenfar manages productiand
pricerisks. Decisions made in the selection of soils, fertility schesaeety, pest management
practice(s), tillage system and row spacing can all impact costs, final yields and profits.
Information in this guide gives details about how South Carolina farreer make good
choices. The following is a discussion of productonl pricerisk management in the context of
enterprise budget analyses for corn.

What are the enterprise budgets?

Enterprise budgets are prepared as a reference forrtherfand are a record of the anticipated

costs and returns for a particular sepaofduction practices for the crop(s) considered. Farmers,
lenders and others use these budgets as a means to evaluate the economics of production. Of
course,producerswill need to adjust the figures given for the cost inputstiieir operation.
Enterpri® budgets are prepared by the Clemson University Department of Applied Economics
and Statistics which can be accessed on the web at the following Internet address:
http://cherokee.agecon.clenmsedu/crop bud.htm

Variable costs are those that are incurred each year the crop is produced and are basically the
out-of-pocket expenses for seed, chemicals, fertilizer, labor, machinery and interest. These may
vary from year to year, field to field afidrm to farm. This is whyroduceramust be aware of
theiraverage expense figures for each cost component.

Fixed costs are those incurred even if a crop is not planted. Such things as depreciation and taxes
on equipment are fixed costs. A particulanfar may choose to ignore the fixed cost component

for a year or so when plannirtige farm's crop mix. However, over a period of several years a
farmer needs to be able to cover total costs to maintain an economically viable cropping system.
Farmers are uggl to consider varioyzroduction ananarket risk management scenarios to try to
capture the highest profit possible.

2009 estimated costs and returns for non -irrigated corn

The estimated Return over Variable (production) costs forimgated corn for2009 based on
Clemson University Enterprise budgets, is described in Table 1. Total pradectts are
estimated to be $3#&fcre with fertilzer/lime costs accounting for %4of the total cost per acre
(Table 1). In addition, seed, hauling, and trelob@achinery expenses account f&d, 14% and
8%, respectively, of the total cost per acre (Table 1).

The harvest cash price, based on the value of the Dec@®®@€orn Futures contract of $4.24
and adjusted by an estimated hartese basis 0f$0.10,is estimated to be $4.1ger bushel
(Table 1). Given the revenue and cost estimates, the Return over variable costsruogated
corn is estimated to be $1p@r acre (Table 1).


http://cherokee.agecon.clemson.edu/crop_bud.htm

Table 1. 2009Non-Irrigated Corn (Conservation Tillage) Estimated Castd Returns
($/Acre).

Priceor  Total
Unit Quantity Cost/Unit Per Acre

Gross Recelipts
Corn 2/ bu. 120 $4.14 $496.8C
Total Receipts $496.8C

Variable Costs

Seed thou. 24 $2.06 $49.44
Fertilizer
Nitrogen Ibs. 140 $0.43  $60.20
Phosphate Ibs. 50 $0.46  $23.00
Potash Ibs. 50 $0.67  $33.50
Lime (prorated) ton 0.5 $51.00 $25.50
Herbicides acre 1 $19.82 $19.82
Insecticides acre 1 $11.75 $11.75
Drying (3 points) bu. 127 $0.15  $19.05
Hauling bu. 120 $0.40  $48.00
Tractor/Machinery acre 1 $27.16 $27.16
Labor hrs 2.09 $6.50 $13.59
Interest on Operating Capital dol. 185.96 $0.09 $8.37
Total Variable Costs $339.37
Return over Variable Costs $157.43

Y Detailed enterprise  budgets for agronomic crops are available at:
http://cherokee.agecon.clemson.edu/budgets.htm

or from your localClemson University Cooperag\Extension office.

2/ Corn price based on Decemb2®09 Corn Futures price odanuary 122009 with a local
harvesttime basis 0f$0.10bu.

Understa nding the Increase in Production Costs for Non -Irrigated Corn

For longterm profitability, producers must continue to control costs. The production costs for
nonirrigated corn from 2002 t®009 based on Clemson University Extension enterprise
budgets, a reported in Table 2. Variable costs have increased/&ir@ since 2002 with 94

of the increase occurring since 2005 (Table 2). As you would expect, the largest increase has
been for fertilizer with nitrogen costs increasB@f since 2002 (Table 2)The increased cost

of fertilizer and lime accounts fa5% of the cost increase since 2002. Another large increase
has occurred in hauling expense which has increased by $30 per acre since 2002 (Table 2). The
increase in hauling expense reflects thedase in the oil markets since 2003. Seed costs have
also increased by $2er acre since 2002 (Table 2).
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This cost information will help managers understand which cost items have increased the most
and, in turn, which items to focus on when monitoringdsis important to remember that it is
important to cut the nenecessary expenses and to use inputs in a way to get the biggest return
for the cost of the input. Therefore, sound management practices should be used when managing
costs. For example, saests can be used to determine fertilization rates and increased scouting
for weeds and insects can be used to monitor pesticide costs.

Table 2. Budgeted Production Costs from 2002009 for Nor-lrrigated Corn with an
Estimated Yield of 20 Bushels/Ace.

Variable Costs 2009 2008 2006-2007 2005 2004 2003 2002
Seed $49.44 $36.00 $35.76 $33.60 $30.00 $24.00 $24.00
Fertilizer

Nitrogen $60.20 $82.60 $77.00 $67.70 $59.97 $56.21 $46.39

Phosphate $23.00 $26.00 $17.50 $16.56 $14.89 $13.72 $12.78

Potash $33.50 $13.00 $14.50 $11.07 $8.28 $7.38 $7.62
Lime (prorated) $25.50 $26.25 $26.25 $15.85 $14.40 $13.70 $13.55
Herbicides $19.82 $7.48 $39.81 $35.83 $34.70 $34.73 $32.05
Insecticides $11.75
Drying (3 points) $19.05 $19.05 $16.51 $15.24 $12.70 $12.70 $12.70
Hauling $48.00 $48.00 $36.00 $30.00 $24.00 $18.00 $18.00
Tractor/Machinery $27.16 $26.30 $21.50 $19.66 $17.99 $16.44 $16.04
Labor $13.59 $13.59 $1359 $12.61 $12.54 $12.54 $12.54
Interest on Operating Capital $8.37 $7.43 $9.56 $8.32 $7.35 $7.02 $6.65
Total Variable Costs $339.37 $305.69 $307.97 $266.43 $236.81 $216.43 $202.32

How Risky is Non-Irrigated Corn in 2009 ?

Another question managers should consider when evaluating a crop enterprise is the risk of not
covering variable costs. The Total Variable Costs for-imogated corn are estimated to be
$340acre (Table 1) At an expected yield of 120 bu./acre, the breaén price for nosirrigated

corn is $283 per bushel. At this breagven price, there will be just enough revenue to pay for

the variable costs listed in Table 1. However, the bexah priceof $2.83does not pay for the

cost of rented land or provide a return to fixed costs and management.

Table 3. Return over Variable Cost for Various Prices and Yielddldorirrigated Corn {20
bu./acreExpected Yield)".

Harvest Cash Price
Harvest Yield $3.00 $3.25 $3.50 $3.75 $4.00 $4.25 $4.50

60 -$160 -$145 -$130 -$115 -$100 -$85 -$70
70 -$130 -$113 -$95 -$78 -$60 -$43 -$25
80 -$100 -$80 -$60 -$40 -$20 $0 $20

90 -$70 -$48 -$25 -$3 $20 $43 $65

100 -$40 -$15 $10 $35 $60 $85 $110
110 -$10 $18 $45 $73 $100 $128 $155
120 $20 $50 $80 $110 $140 $170 $200

YTotal Variable Costs are estimatecbe $40 per acre.
Table 3 describes the Return over Variable Cost for alternative prices and yields. Managers can
use Table 3 to evaluate the risk of not covering variable costs of producifigigated corn
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based on their own price and yield exja¢ions. For example, at the price of $3.75/bushel, there
would be revenue available to pay for all production expenses with yielti@0obu./acre or
greater (Table 3). Similarly, at a yield of 80 bu./acre, all variable costs will be covered with
pricesof $425bu. or greater (Table 3).

2009 Estimated Costs and Returns for Irrigated Corn

The estimated Return over Variable (production) costs for irrigated cor@0fify based on
Clemson University Enterprise budgets, is described in Tabldetal prodwetion costs are
estimated to be $/acre with fertilzer/lime costs accounting for @of the total cost per acre
(Table 4. In addition, machineryl/irrigation, haulirgnd seed expenses account fo%]124%
and 130, respectively, of the total cost pererable 3.

The harvest cash price, based on the value of the Dec@®®@€Corn Futures contract of &1
and adjusted by an estimated hariese basis 0f$0.10, is estimated to be $4.fpér bushel
(Table 4. Given the revenue and cost estimatesRiieirn over variable costs for irrigated corn
is estimated to be $2(er acre (Table)4

Table 4. 2009Irrigated Corn Estimated Costs and Returns ($/Atre)
Price or Total

Unit Quantity Cost/Unit Per Acre
Gross Receipts
Corn 2/ bu. 160 $4.14  $662.40
Total Receipts $662.40
Variable Costs
Seed thou. 28 $2.08 $58.10
Fertilizer
Nitrogen Ibs. 190 $0.43 $81.70
Phosphate Ibs. 60 $0.46 $27.60
Potash Ibs. 60 $0.67 $40.20
Lime (prorated) ton 0.5 $51.00 $25.50
Herbicides acre 1 $19.82  $19.82
Insecticides acre 1 $11.75 $11.75
Irrigation Machinery and Labor acre 1 $48.16  $48.16
Drying (3 points) bu. 169.33 $0.15 $25.40
Hauling bu. 160 $0.40 $64.00
Tractor/Machinery acre 1 $31.86 $31.86
Labor hrs 2.54 $6.50 $16.51
Interest on Operating Capital dol. 239.17 $0.09 $10.76
Total Variable Costs $461.36
Return over Variable Costs $201.04

Y Detailed enterprise  budgets for agronomic crops are available at:
http://cherokee.agecon.clemson.edu/budgets.lwm from your local Clemson University
Cooperative Etension office.

2 Corn price based on Decemi2809 Corn Futures price odanuary 122009with a harvest

time basis 0f$0.10bu.
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Understanding the Increase in Production Cost$or Irrigated Corn

For longterm profitability, producers must continue to control co$tse production costs for
irrigated corn from 2002 ta8009 based on Clemson University Extension enterprise budgets, are
reported in Table 5. Variable costs have increaséb/&dre since 2002 with5% of the
increase occurring since 2005 (Table 5). yAs would expect, the largest increase has been for
fertilizer and lime increasing by $67 per asice 2002 (Table 5). The increased cost of
fertilizer and lime accounts f@5% of the cost increase since 2002. Machinery costs, especially
the cat ofirrigation, account for 1% of the increase in production costs since 2002 (Table 5).
Another large increase has occurred in hauling expense which has increased by $40 per acre
since 2003 (Table 5).

Table 5. Budgeted Production Costs from 20@®09for Irrigated Corn with an Estimated
Yield of 160 Bushels/Acre.

Variable Costs 2009 2008 2006-2007 2005 2004 2003 2002
Seed $58.10 $42.00 $41.72 $39.20 $35.00 $34.44 $28.00
Fertilizer

Nitrogen $81.70 $112.10 $104.50 $91.88 $81.39 $76.28 $62.96

Phosphate $27.60 $31.20 $21.00 $19.87 $17.87 $16.47 $15.33

Potash $40.20 $15.60 $17.40 $13.28 $9.93 $8.85 $9.15
Lime (prorated) $25.50 $26.25 $26.25 $24.02 $21.82 $20.76 $20.53
Herbicides $19.82 $7.48 $17.64 $16.55 $16.02 $33.05 $12.12
Insecticides $11.75 $11.20 $11.55 $10.50 $11.27 $11.83 $11.27
Irrigation Machinery and Labor $48.16 $48.16 $48.16 $28.50 $24.92 $24.92 $24.87
Drying (3 points) $25.40 $25.40 $22.01 $20.32 $16.93 $16.93 $16.93
Hauling $64.00 $64.00 $48.00 $40.00 $32.00 $24.00 $24.00
Tractor/Machinery $31.86 $30.95 $26.62 $24.14 $21.87 $16.44 $18.65
Labor $16.51 $16.51 $11.83 $15.24 $15.24 $13.80 $13.80
Interest on Operating Capital $10.76  $9.88  $14.86 $11.22  $9.25 $9.79 $7.94
Total Variable Costs $461.36 $440.73 $411.55 $354.71 $313.51 $307.56 $265.55

This cost information will help managers understand which cost items have increased the most
and, in turn, which items to focus on when monitoring costs. It is important to remember that it is
important to cut the nenecessary expenses and to use inputs in a way to get the biggest return
for the cost of the input. Therefore, sound management practices should be used when managing
costs. For example, soil tests can be used to determinezé&itifi rates and increased scouting

for weeds and insects can be used to monitor pesticide costs.

How Risky is Irrigated Corn in 2009 ?

Another question managers should consider when evaluating a crop enterprise is the risk of not
covering variable costs.The Total Variable Costs for irriggd corn are estimated to be
$461/acre (Table 4). At an expected yield of 160 bu./acre, the Jereak price for irrigated corn

is $288 per bushel. At this breagéven price, there will be just enough revenue to payhfe
variable costs listed in Table 4. However, the brean price does not pay for the cost of
rented land or provide a return to fixed costs and management.
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Table 6describes the Return over Variable Cost for alternative prices and yields. Maocager

use Tablée to evaluate the risk of not covering variable costs of producing irrigated corn based
on their own price and yield expectations. For example, at the price of $3.50/bushel, there would
be revenue available to pay for all production expensith yields of 40 bu./acre or greater
(Table6). Similarly, at a yield of 110 bu./acre, all variable costs will be covered with prices of
$4.25/bu. or greater (Tab®.

Table 6. Return over Variable Costs for Various Prices and Yields for IrriGated(160
bu/acre Expected Yield.

Harvest Cash Price
Harvest Yield $3.00 $3.25 $3.50 $3.75 $4.00 $4.25 $4.50

100 -$162 -$137 -$112 -$87 -$62 -$37 -$12
110 -$132 -$105 -$77 -$50 -$22 $6 $33

120 -$102 -$72 -$42 -$12 $18 $48 $78

130 -$72 -$40 -$7 $26 $58 $91 $123
140 -$42 -$7 $28 $63 $98 $133 $168
150 -$12 $26 $63 $101 $138 $176 $213
160 $18 $58 $98 $138 $178 $218 $258

YTotal Variable Costs are estimated to b&1%der acre.

Controlling market risks

The best means of controlling market risk is to have a proactive market plan. Specific marketing
plan approaches will vary fronafm to farm. There are, however, common components that will
be included in virtually any viable plan. They are:

1. Know what you need from the market to be "succesdthis' is accomplished by
knowing the true production costs of the enterprise on yaum. Further, one must
account for family living expenses and letegm financial goals. An assessment of
"successful" is the key to this step. However, this important concept is one that varies
substantially from farm to farm.

2. Know where the marke$ inow. This requires access to and the ability to correctly
interpretcorn price information. The best starting point is knowing the current Chicago
Board of Trade (CBOT) futures price for the month in which one plans to sell. Prior to
harvest, the CBODecemberfutures price is typically the best gauge for what the market
thinks next year's crop will be worth at harvest. This price should be further adjusted by
your basis estimate that you expect to prevail at harvest. If considering storage, one must
further account for the physical and interests costs of storage.

3. Know what the available marketing alternatives akéhile there are numerous cash
market and futures based marketing alternatives, each with their own risk management
properties, the availébdalternatives fall into three broad categories:



a. Do nothing now:This clearly is the most often followed strategy. Whether
through simply avoiding the marketing or pursuing this as an objective strategy,
this assumes that the price captured later vdlbetter than today. If this fails to
materialize (i.e. prices fall) then there is no downside protection. Strategies that
fall into this general category include unpriced production, unpriced storage and
delayed payment contracts.

b. Fix the price todg: If the market were currently offering a price at which one
would be "successful" then one would be wise to accept it. However, prior to
harvest when yields are unknown, it is not advisable to obligate the entire
expected crop for sale. Contract penalttan occur if a producer oveontracts a
volume of production and prices rise. Further, this approach carries the implicit
assumption that the price captured now will be better than it will be in the future.
Strategies that fall into this category inctudash forward contracting, hedging
(partial), Hedgeo-Arrive contracting (partial) and basis contracting (partial).

c. Fix a price floor but leave the ceiling opemhis approach to market risk
management allows for the best of both of the above whdalmg many of the
potential drawbacks. Through the use of put option purchases, call option
purchases in conjunction with cash forward contracting, buying call options
instead of storing, or by seeking minimum price contracts, producers can protect
their operational revenues from subsequent price declines while leaving open the
possibility to benefit from future price rallies. Clearly, this approach is one worth
exploring.

4. Assess the risks and returns from the available marketing stratégiesing te

conditions set out above, combined with observation of current market fundamentals, is
critical in selecting the best market approach. The above strategies have various risk

abatement attributes, particularly with regards to how they handle futuresapdcbasis

risk. Do you expect the basis to improve later? Do you expect the price to improve later?
How much of your crop can you comfortably sell now? These and other questions need

to be explored.

5. Seek the unbiased opinions of oth@&ther farmersagricultural lenders and Extension

personnel (among others) can often help you weigh the alternatives you are considering.
It is important to stay grounded in the reality of market risk management and not move
into the realm of speculation. Seeking opims can help sort through the complexities ...

but remember the final decision is yours!

6. Make the decision and follow througrhe besfiaid market plans avail us nothing if
the "trigger isn't pulled" on placement of the strategy. This is easiethsaidione. But if



the above steps are taken, then one should feel confident in the knowledge of risks to be
transferred or retained.

7. Review the plan and adjust as needitause of the dynamic and ex®anging markets for

corn (and other agronomic @) it is important to review periodically the plan that is in place.
For example, let's suppose at planting you observed a good price but only felt comfortable with
pricing 25 bushels per acre. Suppose now its late August and you're much more cedain of y
yields. You need to revisit your plan and review the necessity for leaving the remaining crop
unpriced. The risk environment has changed, so your plan requires reviewing and updating.
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Corn vegetative and reproductive growth stages
Pawel Wiatrak

Corn growth stages are divided into vegetative (V) and reproductive (R) growth stages. The
vegetativegrowth stages start with the corn emergence and reproductive growth stages start with
silking.

Vegetative (V) growth stages

The vegetative growth stages start with corn emerg@rfieeand finish with tasselin¢vT)

(Table 1).Description of corn plant durg early developmem$ shown in Fig. 1During the VE
stage(Fig. 2), the mesocotyl elongation pushes the growing coleoptile to the soil surface and the
radicle root and some lateral roots develop from the seed. This seminal root system absorbs
water anchutrients until the V3 growth stage (3 leaves with collars). Following emergence, the
coleoptile and mesocotyl elongation stops, and the growth continues from the growing point
(stem apex), which is located just above the mesocotyl and below the saiesurfd the V5

V6 growth stage (56 corn leaves with collars). The rapidly developing embryonic leaves grow
through the coleoptilar tip.

Stages between VE and VT are designated numerically é6iy.13), V2 (Fig.4), €t hr ough
V(n). The (n) represds stage with top leaf fully expanded before the VT st&ge 5). A leaf is
considered fully expanded if the leaf collar (discolored line between the leaf blade and leaf
sheath) is visible. Theventuahumber of leave® be producedy a plantis detemined by V6-

V7 growth stage

Table 1. Vegetative growth stages of corn.

Vegetative stage Description

VE EmergencéFig. 2)

V1 First fully expanded leaf with the leaf collgig. 3)
V2 Second fully expanded leaf with the leaf colliy. 4)
V3 Third fully expanded leaf with the leaf collar

V(n) n" fully expanded leaf with the leaf collar

VT Tassel fully emerge(Fig. 5)
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Fig. 1.Description of corn plant during early Fig. 2.VE - Corn emergence.
development.
http://www .agronext.iastate.edu/corn/

Fig. 3. V1 - First fully expanded leaf with Fig. 4.V2 - Second fully expanded leaf with
the leaf collar. the leaf collar.

Fig. 5. VT- Tassels fully emerged.
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Reproductive (R) grow th stages

The reproductive (R) stages are designatital R1 throughR6 (Table 2). These stages start with
silking (R1)(Fig. 6)and finish with physiological maturity (Réfollowing R1, stag®2 refers
to blister, R3- milk, R4 - dough, R5 dent, and R6 physiological maturity (grain black layer)

At R1 (Fig. 6), silks are first visible outside the husks. Pollination occurs when the falling pollen
grains are caught by these silks. All silks emerge from the base to the tip in 2 to 5 days and
remain recefive for up to two weeks. The silks will continue to elongate until fertilized. The
ears pollinate from the base to the tip. Silks are pollinated withBd@ays. For successful
pollination it is important thagilks emerge and pollinate at the same tilMeisture stress at this
time causes poor pollination and reduced seed set, and therefore reducédoyelidformation
onconditions affectingornc an b e f o u n cEnvirammeatal aopditiens affecting i

corn growtio .

At R2 stage the kernels @& white on the outside améve ablistered appearancat R3, kernel

is yellow outside and filled with a mikolored fluid which is mainly starch. Kernels at this stage
have 80% moisture. During the R4 stage, starch continues to accumulate and thiekeasty
consistency. At R5 stagmostkernels are dented. The kernels at the R5 stage are drying down,
beginning at the top, where a small hard white layer of starch is forming. The line indicating the
hard starch layer will advance toward the baséekernel.

The kernels reach their maximum dry matter weight at R6 $Ege6)when the hard starch

| ayer has advanced completely to the cob and
|l ayer6) right above t haaindicationnoephysitlagipal maflritye O bl a
Kernels at the R6 stage have about 36% moisture content.

c

Table2. Reproductive stages of corn

Reproductive stage Description
R1 Silking (Fig. 6)
R2 Blister
R3 Milk
R4 Dough
RS Dent
R6 Physiological matrity (grain black layer)Fig. 7)
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Fig. 6. R1- Silking stage Fig. 7. R6 - Physiological maturity (grain blac
layer).
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Planting considerations
Pawel Wiatrakand Jim Camberato

Field selection

Corn can be grown on a wide range of soils. Fieldcden should be based on a potential to
produce optimum yields. Information to assist with field selection is presented in the County Soill
Survey, available from local USBNRCS offices. In addition to soil survey maps, Clemson
scientists are utilizing gereferenced equipment (Veris 3100) that can map the spatial variability
in soil type and deptto the subsoil within fields.

Rotation

Corn rotation with other crops like soybeans, peanuts, tobacco, and cotton, can help with
reducing the weed, insect, adidease pressure, and improve yields. Additionally, rotating crops
helps to remove phytotoxic substances produced by corn and improve soil physical properties.
Growing legumesrior to cornadd residual nitrogen to the soil, which can be utilized by corn,
and therefore the nitrogen rates can be reduced on corn-t80206/A.

Deeptillage

Most of the soils in South Carolina are sandy and have low water and nutrient holding capacity.
These soils tend to form natural compacted zones or hardpans thatraceve to corn root

growth and development. Hardpans are formed either by tillage operatioB8snées deep) or
naturally (8- 15 inches deep)ght above, but not extending into, the clay subsoil. These
compacted layers or hardpans range in thiskrieom 2 to 12 inches. When present, they prevent
or delay root development into the subsaoil, resulting in lower grain yields.

Corn is sensitive to the presence of hardpans and responds well to deep tillage, which breaks the
hardpan layers to allow cornats to reach for water and nutrients at lower soil depths and
therefore better withstand a short drouggtiodsduring thegrowingseason.

Research over the past 20 years has shown significant yield increases as a result of deep tillage
when hardpans esti. Deep tillage, such as-iow subsoiling, promotes deeper root penetration

into the soll, allowing roots to extract more subsoil moisture and nutrients. The advantages of
subsoiling over shallow cultivation are usually more pronounced in drier yeelds Bhould be
checked to confirm the presence of a hardpan each year. This can be done by pushing a
sharpened metal rod through the topsoil when soil moisture conditions are good. A hardpan can
usually be detected by an increase in resistance to rod ggrebetween the 4 and 14 inch soill
depth. The depth of the subsoil depends on the soil type. To properly adjust the operating depth
of the deep tillage equipment it is necessary to know the depth to clay throughout the field.
Chisel plows can operate @&odepth of 11 to 12 inches but have a very high draft requirement
when run at these depths:riow subsoilers perform more efficiently at these depths or deeper,
and offer the advantage of not inverting the topsoil or mixing the subsoil with the tésoil.
subsoiling to be economically effective, the subsoiler must reach to the bottom of the hardpan
layer but not into the clayey subsoil. Subsoiling deep into the clay will not increase yields but
will increase the costs of operation. In deeper sandywbise the subsoiler will not reach to

the clay, subsoil to a depth of 16 to 18 inches if possible. Because of the curvature of the
subsoiler shanks, the depth of penetration of the shanks is seldom equal to the length of the
shank. Inadequate penetratiato the soil is a common problem in South Carolina that does not
increase grain yields, but increases time, energy, and labor cesis ubsoiling must be
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combined with some additional method to prevent the seed from settling too deep in the loose
soil slit made by the subsoiler shank. Several types etlsiting devices are available such as
spidergangs or rolling cultivators, fluted coulters, concave disks, and press wheels. These
closing devices require that their position, angle, and springptehs adjusted based on

subsoiler depth and the soil and residue conditions. The benefits of deep tillage may be reduced
if subsoiling is conducted when soil conditions are too dry (creates a cloddier seed zone) or too
wet (compacts soil adjacent to sulbsioslit). If needed, disking operations should be conducted
before subsoiling to prevent recompaction. Wheroim subsoiling is done correctly, it should
substitute for deep plowing and part of the secondary tillage.

Conservation tillage

Conservation tiage refers to soil preparation that leaves a percentage of the soil surface covered
by some form of plant residue after a crop is established. The minimum portion of surface
coverage to qualify as conservation tillage is 30 percent after planting eSluse coverage on

the soil surface reduces the risk of erosion and protects water quality from degradation caused by
runoff carrying sediment and possibly traces of fertilizer, pesticides, or both. Tillage systems
affect soil properties such as temperatumoisture, bulk density, aggregation, organic matter
content, and plant properties such as root density. Spring soil temperatures are usually lower in
conservation tillage systems than other tillage syst@msservation tillage systems increase the
amouwnt of water stored in the soil profile by reducing the evaporation and help the plants survive
short periods of drought. Lortgrm conservation tillage practices also increase organic matter
levels in the soil. Lower soil temperatures and increased satun® contribute to slower rates

of organic matter oxidation. In conservation tillage systems, reduced tillage leads to nutrient
distributions that differ from those in other tillage systems. Less mixing of the soil in reduced
tillage systems leads thstribution of phosphorus and potassium near the soil surfsdse.

capturing more of the rainfall through a good use of conservation tillage can often help to
improve corn yields and profitability.

Planting depth

Good soil preparation is important for umifn placement of seeds in the soil to achieve high

corn yields and quality. It should protect the soil from water and wind erosion, provide a good
seedbed for planting, break the hardpans or compacted layers, and allow an increase of organic
matter.

Cultivate the soil so that the solil is just fine enough to give good contact between the seed and
soil. Good seed to soil contact is necessary so the seed can absorb moisture from the soil
particles. Overworking the soil does not help the corn seed to gerrmamateerge, but it will
increase production costs, the risk of soil crusting, and soil erosion during periods of heavy
precipitation.

The seeding depth should be adjusted according to soil conditions. Avoid planting corn into cold
(soil temperaturdelow50°F at the top two inches) amwet soils if at all possible. Corn should

be generally planted betweerl2 to 2 inches deep. If planted early, the seed can be planted at
1-1/2 inches deep due to generally higher soil moisture and less evaporationldrdteg jin

warm soils requires deeper seed placement of up to 2 inches. It is important to establish a good
seedsoil contact while planting by using sepress wheels.

The risk associated with more shallow thatv2 inch depth is the possibility of poo
development of the secondary (permanent) root system. Check the seeding depth periodically to
ensure proper depth across the field. Irregular depth of planting may result in uneven plant
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emergence and reduced yields. Germination time will depend onuneo#std temperature.
Temperature in the top 2 inches is influenced by air temperature. Cooler soil temperatures will
extend the time from corn plantingemergence. Below 50°F little, if any, germination can be
expected. With deeper planting, seeds aseqa in cooler soil, which lead to slower emergence.
Planting depths greater than 2 inches result in seedlings with less vigor, slower growth and
development, and less yield. Planting corn seeds too deep may result in the coleoptile growth
terminating bedw the soil surface. As the shoot grows through the coleoptile tip, it will continue
to grow unprotected towards the surface. In heavy soils, crusted or compacted soils, an
unprotected shoot will be torn apart before it can emerge.

Regarding the organioss where drainage is a probletherecommendd plantingdepth
should bel inch during the early part of the planting seaddaeper fantingon organic soils
often results in poor germination and emergence.
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