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* QUALITY ASSURANCE *

South Carolina producers grow excellent quality tobacco. South Carolina tobacco is as
good or better than other tobacco produced in the United States and will meet the high
expectations of the world market. South Carolina tobacco farmers are willing to grow,
harvest, cure and market their tobacco in a manner consistent with accepted quality assurance
standards demanded by the tobacco industry.

Quality Assurance standards include: (a) Using recommended nitrogen fertility, (b)
harvesting in at least three stalk positions or by contract standards, (c) using recommended
pesticides and applying them properly (d) harvesting mature, ripe tobacco, (¢) removing
foreign matter and oxidized material from cured leaf (f) TSNA stewardship, and (g) following
other practices that affect quality like irrigation, variety, etc.

QUALITY SELLS OUR TOBACCO!
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Preface

After passage of the Tobacco Buyout Bill October, 2004, the Federal tobacco program ended.
This means there is no tobacco quota. There is no tobacco safety net and tobacco can be grown
by anyone, anywhere in the U.S. Obviously, many growers have chosen to exit the tobacco
business, but other growers choose to remain active. The major questions facing growers for the
2014 season is, “Can I afford to grow tobacco for the price offered.” Cigarette manufacturers,
flue cured cooperative and leaf dealers will offer contracts. At the time of this writing, the prices
have not been released. Producers will expect higher prices to defray increased input cost.
Producers will be expected to maintain and even enhance quality. Improved production
efficiency is a must. Increased yield is an easy way to improve production efficiency. However,
increased yields cannot be at the expense of quality. Growing tobacco cheaper, but maintaining
quality through efficient management will be the key to survival. Through contract pricing,
efforts will be made to lessen production of unwanted grades or qualities. Current Clemson
budgets are based on recommendations considered cost effective. To produce the cheapest,
quality tobacco, producers should pay special attention to: soil fertility, pest management,
variety selection, harvest and curing and yield/quality per acre. Care must be taken to insure that
pest management decisions are truly cost effective. It may be necessary to leave unwanted
leaves in the field. Labor, curing, and machinery are the three greatest production inputs.
Management of these inputs merits special attention. Match equipment to the acres grown. Fine
tune curing barns, add automated damper controls for maximum efficiency and manage labor
effectively. Producers should plant only enough acres to produce what they can sell. In July
2009, the U.S. Congress agreed to place tobacco products under FDA regulation. The impacts of
their regulation are to be determined.

Ten years after the buyout, there are a lot of unanswered questions, but it is certain the industry
will continue to change. It behooves you as a producer (if you want to continue) to adapt to
these changes to maintain your economic viability in the post buyout era of tobacco production.
If producers can obtain adequate economic incentives and producers grow quality tobacco,
tobacco production could expand to levels prior to the buyout!



TOBACCO SITUATION AND OUTLOOK FOR 2015

A. Blake Brown

Cigarette Market

U.S. cigarette consumption declined 5.8 percent from 2012 to 2013 to 272.51 billion pieces. In
2013 the average after tax price per pack of cigarettes in the U.S. was $5.76 with average federal,
state, and local excise taxes of $2.56 per pack. Tax revenues to federal, state and municipal
governments were $31.5 billion in 2013.

FDA regulation of U.S. tobacco products has moved at a slow but steady pace since the
enactment of the Family Smoking Prevention and Tobacco Control Act of 2009. FDA has yet to
rule on the inclusion of menthol in cigarettes. The menthol ruling may have significant impacts
on the proposed merger of Reynolds American and Lorillard since Lorillard holds the largest
sharl? of menthol cigarettes. Menthol cigarettes make up about 30 percent of the U.S. cigarette
market.

Globally, the tobacco products market was about $783 billion in 2013. Developed country
markets like the EU are in decline much like the U.S. with high taxation and regulation. In
contrast the cigarette market in Southeast Asia, in particular China, is large and growing.
China’s tobacco products market was estimated to be $209.7 billion in 2013 with projected
growth of 17 percent in the 5 year period from 2013 to 2018. The World Health Organization’s
Framework Convention on Tobacco Control provides recommended regulations and taxation of
tobacco products to which over 170 countries have agreed to implement. Compliance seems to
vary from country to country with the European Tobacco Products Directive being among the
strictest. The European Tobacco Products Directive is similar in scope and nature to FDA
regulation of cigarettes in the U.S.

New technologies in nicotine delivery may erode the market for combustible cigarettes over the
next decade. E-cigarettes and nicotine vaping products experienced rapid growth in recent years
but are still a relatively small segment of the U.S. tobacco products market. FDA will regulate e-
cigarettes as tobacco products and has issued proposed regulations. Some states have begun
taxation of e-cigarettes. The health community seems divided over the potential benefit or harm
from use of e-cigarettes and other vaping products. Some think e-cigarettes may aid smoking
cessation. Others are concerned that e-cigarettes and vaping products may complement
traditional cigarettes in that they allow smokers to continue their habit by using e-cigarettes only
in places where they cannot smoke traditional cigarettes. Other non-combustible products are
emerging in the cigarette market. How FDA regulates and how governments tax these emerging
products will significantly impact market growth. The tobacco industry seems to be at the edge
of significant technological change. While the paths of these products are uncertain, their
emergence may have dramatic impacts on the traditional cigarette market, the quantity and type
of tobacco needed by the industry, and leaf production practices.

Flue-Cured Production and Market

With record high prices for the 2013 crop and tobacco companies encouraging farmers to
increase production for 2014, U.S. flue-cured tobacco acreage rose from 228,800 acres in 2013
to an estimated 232,000 acres in 2014. Production rose to an estimated 557.4 million pounds for
2014, up from 454.3 million pounds in 2013 (table 1). The October Crop Report estimated 2014
average yield at 2,403 pounds per acre up from 1,986 in 2013. If the October forecast is correct
the 2014 crop is the biggest U.S. flue-cured crop since 2001 when U.S. production was 579
million pounds.

A very wet 2013 growing season which curbed yields coupled with already short global supplies
of flavor-style flue-cured tobacco led to a record high average price per pound of $2.11 for the
2013 U.S. flue-cured market. Wet conditions in part of the Brazil flue-cured area limited
attempts to increase production for the 2014 market with the 2014 crop estimated at 1.344 billion
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pounds, down from 1.38 billion for 2013. Zimbabwean growers increased production for the
2014 market 29 percent to 474 million pounds, up from 367 million pounds for 2013. Average
price per pound for the 2014 Zimbabwe crop was US$1.44 down 14 percent from US$1.67 in
2013. With increased production, prices for the 2014 U.S. crop are down and may average
below $2.00 per pound.

Table 1: U.S. Flue-Cured Tobacco Production, 2004 to 2014, in million pounds.

North South uU.S. Average
Florida  Georgia Carolina Carolina  Virginia Total Price/lb
2004 9.8 46.7 344 63.4 57.6 5215 1845
2005 5.5 27.8 273.9 39.9 33.7 380.8 1474
2006 2.9 30.1 324.0 48.3 42.0 4472 149
2007 n/a 39.8 376.8 46.1 41.0 503.8  1.527
2008 n/a 33.6 384.7 39.9 41.0 4992 1757
2009 n/a 28.0 417.6 38.8 42.0 526.4  1.754
2010 n/a 27.4 348.6 36.0 39.9 4519 1679
2011 n/a 26.8 248.0 26.3 435 3446 1682
2012 n/a 225 377.2 25.2 48.0 4729 1983
2013 n/a 22.4 360.0 24.65 473 45435 2115
2014" n/a 35.0 434.4 33.0 55.0 572.4

(Source: USDA, NASS, Crop Production Report)

With lower U.S. flue-production in 2013 than in 2012, exports of unmanufactured flue-cured
tobacco declined as well. Exports for the 2013 marketing year were 262.2 million pounds (farm
sales weight) down slightly from 269.2 for the 2012 marketing year (table 2). Exports to the EU-
27 continued their downward trend falling from 77.5 million pounds for the 2012 crop to 63.8
million pounds for the 2013 crop. Exports to China continued their U}Igward trend increasing
from 59.8 million Rounds for 2012 to 73.9 million pounds for 2013. The 2013 marketing year
was the first year that exports of U.S. flue-cured to China exceeded exports to the EU. Demand
from China continues to be strong but U.S. supply has been hampered by adverse weather that
has affected both quantity and quality of recent crops. A strengthening U.S. dollar may also
impede export growth in the near term. However, much larger U.S. production in 2014 should
result in an increase in exports of the 2014 crop. Domestic use has trended downward with
declining U.S. cigarette consumption (table 2), but has been volatile in recent years.

Table 2: Flue-Cured Tobacco Production , Stocks, Supply and Disappearance (farm sales
wt. million 1b)

Marketing Beginning Production Total Ending Total Use Exports Domestic
Year Stocks Supply Stocks Use
2004-2005 822.8 499.3 1,322.2 796.0 526.2 188.6 337.6
2005-2006 796.0 380.9 1,176.9 604.0 572.8 258.4 314.4
2006-2007 604.0 446.5 1,050.5 493.2 557.3 247.0 310.3
2007-2008 493.2 503.8 997.0 396.8 600.2 305.0 295.3
2008-2009 396.8 499.2 896.0 360.3 535.6 304.2 231.5
2009-2010 360.3 525.4 885.7 398.8 486.9 303.1 183.8
2010-2011 398.8 451.9 850.7 381.9 468.8 258.9 209.9
2011-2012 381.9 344.6 726.5 319.2 407.3 248.4 158.9
2012-2013 319.2 472.9 792.1 260.4 531.7 269.2 262.5
2013-2014 260.4 454.3 714.7 334.5 380.2 262.2 118.0

(Sources: USDA-AMS Tobacco Stocks as of July 1, various years. USDA-NASS. USDA-FAS GATS)



U.S. Tobacco Farm Consolidation

The 2012 Ag Census (released earlier this year) revealed a further consolidation in the number of
farms growing tobacco in the U.S during the post-buyout era (table 52. According to the data,
just sh(g)htly more than 10,000 farms grew tobacco in the U.S. in 2012, a 38 percent reduction
from 2007 and more than 70 percent reduction from the pre-tobacco buyout ﬁears. Kentucky
still possesses the largest number of farms growing tobacco with nearly one-half of the U.S.
tobacco farms. All states experienced a significant decline, except Pennsylvania which
experienced a 28% increase in the number of farms growing tobacco since 2002. The number of
tobacco farms in North Carolina, the largest flue-cured producing state, has declined by about
2/3 since 2002. With this trend flue-cured farms have become larger and more %eographlcally
concentrated with North Carolina producing a larger quantity and share of U.S. flue-cured
tobacco in the post buy-out era (table 1). Additional overall consolidation is expected in the
coming years in response to anticipated declining demand, technological change, regulatory
action, labor challenges, and deteriorating infrastructure.

Table 5. Number of Tobacco Farms in Selected States and U.S.

State Tobacco % of 2012 Tobacco Tobacco Change Change
Farms U.S. Tobacco Farms Farms Since 2007 | Since 2002
(2012) Farms (2007) (2002)
Kentucky 4,537 45% 8,113 29,237 -44% -12%
North 1,682 17% 2,662 7,850 -37% -66%
Tennessee 935 9% 1,610 8,206 -42% -80%
Pennsylvania 1,312 13% 1,152 897 +14% +28%
Virginia 558 6% 895 4,184 -38% -79%
Ohio 224 2% 475 1,845 -53% 74%
Georgia 102 1% 224 822 -54% -73%
Others 664 7% 1,578 3,936 -40% -73%
Total U.S. 10,014 100% 16,234 56,977 -38% -12%

Source: USDA Census of Agriculture




2015 TOBACCO BUDGET
Compiled by Wilder Ferreira

Two production system budgets are estimated for next year.

These are the multi-pass

machine/bulk barn (MM) and the hand harvest/bulk barn (HH) systems. Both are used in this

state.

ESTIMATED S.C. 2014 PRODUCTION COSTS FOR TWO TOBACCO PRODUCTION
SYSTEMS,; 2,400 AVERAGE YIELD*

Item HH (Hand) MM (Machine)
VARIABLE COSTS:
Transplants $280.35 $280.35
Fertilizer $302.50 $302.50
Herbicides & Fungicides $104.13 $104.13
Insecticides & Nematicides $277.12 $277.12
Sucker Control $135.12 $135.12
Curing Costs $607.20 $607.20
Baling, Hauling & Storage $144.00 $144.00
Research Assessment $7.20 $7.20
Crop Insurance $120.00 $120.00
Harvesting Labor $600.00 e
Tractor/Machinery $221.25 $314.47
Labor $526.68 $752.78
Interest on Op. Cap. $83.14 $76.12
TOTAL VARIABLE COST: per Ac. $3,408.69 $3,120.99
per Ib. $1.42 $1.30
FIXED COSTS:
Tractors & Machinery $252.29 $416.43
Curing Barn $170.00 $170.00
Greenhouse $80.00 $80.00
Green Leaf Box Loading $35.00
System
TOTAL FIXED COST: per Ac. $502.29 $701.43
per lb. $0.21 $0.29
OTHER COSTS:
Land Rent $60.00 $60.00
General Overhead $238.61 $218.47
TOTAL OTHER COSTS: per Ac. $298.61 $278.47
per Ib. $0.12 $0.12
TOTAL ALL COSTS: per Ac. $4,209.59 $4,100.89
per Ib. $1.75 $1.71
BREAK-
EVEN YIELD Hand Machine BREAK-EVEN PRICE ($/Ib) Hand Machine
(Ibs)*=
Variable Costs 1574 1403 Variable Costs $1.42 $1.30
Total Costs 2045 1979 Total Costs $1.75 $1.71

*These budgets are for comparison purposes only. Each producer should generate his own budget.

**Based on price of 2.00/Ib. Updated versions of Flue-Cured Tobacco Budgets can be viewed and downloaded at:
http://www.clemson.edu/extension/aes/budgets/index.html
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POTENTIAL NET RETURNS — MACHINE HARVEST
Compiled by Wilder Ferreira

These three tables compare potential net returns. The tables consider (machine harvest-bulk
barn) yields varying from 2,000 to 2,800 pounds per acre and estimated sale price ranging from
$1.85 to $2.15 per pound.  The first table covers net returns per acre above variable costs. The
second covers net returns per acre above variable and fixed costs. The third table covers all costs
per acre and represents net returns above management and risk. Each producer must calculate
their own costs and break-even situations.

2015 ESTIMATED INCOME ABOVE VARIABLE COSTS
AT DIFFERING YIELDS AND PRICES: PRODUCTION SYSTEM MM*

YIELD = ceeeeee PRICE ($/10S.) =-------xcmmnmecm-
LBS $1.85  $1.95  $200  $205  $2.15
2000 $705  $905 $1,005 $1,105 $1,305
2200 $1,012  $1,232  $1342 $1,452  $1,672
2400 $1,319  $1,559 $1679  $1,799  $2,039
2600 $1,626 $1,886 $2,016 $2,146  $2,406
2800 $1,933  $2,213  $2,353  $2,493  $2,773

2015 ESTIMATED INCOME ABOVE VARIABLE & FIXED COSTS
AT DIFFERING YIELDS AND PRICES: PRODUCTION SYSTEM MM*

1212 R — PRICE ($/IDS.) =------=---=--==--
LBS $1.85  $1.95  $200  $2.05  $2.15
2000 $4  $204  $304  $404  $604
2200 $311  $531  $641  $751  $971
2400 $618  $858  $978  $1,098  $1,338
2600 $924  $1,184 $1,314 $1,444  $1,704
2800 $1,231  $1,511  $1,651 $1,791  $2,071

2015 ESTIMATED INCOME ABOVE ALL COSTS
AT DIFFERING YIELDS AND PRICES: PRODUCTION SYSTEM MM*

121 o N — e o] [T ——
LBS $1.85  $1.95  $2.00  $205  $2.15
2000 -$266 -$66 $34 $134 $334
2200 $37 $257 $367 $477 $697
2400 $339 $579 $699 $819  $1,059
2600 $641 $901  $1,031  $1,161  $1,421
2800 $944  $1,224  $1364  $1504  $1,784

*MM = machine harvest, bulk barn



POTENTIAL NET RETURNS — HAND HARVEST
Compiled by Wilder Ferreira

These three tables compare potential net returns. The tables consider (hand harvest-bulk barn)
yields varying from 2,000 to 2,800 pounds per acre and estimated sale price ranging from $1.85
to $2.15 per pound.

2015 ESTIMATED INCOME ABOVE VARIABLE COSTS
AT DIFFERING YIELDS AND PRICES: PRODUCTION SYSTEM HH*

IAVC AT DIFFERING YIELDS AND PRICES
N1 E o R — R (S S T[S e ——
LBS $1.85  $1.95  $2.00  $2.05  $2.15
2000 $418 $618 $718 $818  $1,018
2200 $725 $945  $1,055  $1,165  $1,385
2400 $1,031  $1,271  $1,391  $1,511  $1,751
2600 $1,338  $1,598  $1,728  $1,858  $2,118
2800 $1,645  $1,925  $2,065  $2,205  $2,485

2015 ESTIMATED INCOME ABOVE VARIABLE & FIXED COSTS
AT DIFFERING YIELDS AND PRICES: PRODUCTION SYSTEM HH*

N — PRICE ($/1DS.) ~----rnnrmmrmnnmee
Lbs $1.85  $1.95  $2.00 $2.05  $2.15
2000 $85  $115  $215  $315  $515
2200 $222 $442  $552  $662  $882
2400 $529  $769  $889  $1,000  $1,249
2600 $836  $1,096 $1,226 $1,356 $1,616
2800 $1,143 $1423 $1563 $1,703  $1,983

2015 ESTIMATED INCOME ABOVE ALL COSTS
AT DIFFERING YIELDS AND PRICES: PRODUCTION SYSTEM HH*

N PRICE ($/1DS.) ~----rnnrmmmmnmmee
Lbs $1.85  $1.95  $2.00  $2.05  $2.15
2000 $374  -$174  -$74 $26  $226
2200 $72  $148  $258  $368  $588
2400 $230  $470  $590  $710  $950
2600 $533  $793  $923  $1,053  $1,313
2800 $835  $1,115 $1255 $1,395  $1,675

*HH = hand harvest, bulk barn



TOBACCO PRODUCTION

J. Michael Moore, Dewitt T. Gooden, and Paul D. Peterson

VARIETY SELECTION

The choice of variety should be based on the needs of each field and the total production system being used.
No single variety is best for all growers. A variety may perform well with one grower, but prove
unsatisfactory to a neighbor. The following table shows the percent of acres planted to popular varieties
grown in South Carolina.

VARIETIES PLANTED AND PERCENTAGE OF ACREAGE, 2005-2013

TREATMENT | 2005 2006 2007 2008 2009 2010 2011 2012 2013
K 346 25 40 41 41 44 45 37 31 24
K 326 5 9 12 10 13 21 20 24
NC 196 - - - - 3 6 12 16 13
CC 700 - - - - - - - 6 6
PVH 1452 - - - - - - - 11 6
NC 71 24 9 7 19 10 14 5 4
CC 37 - - - - - - - - 3
CC 67 - - - - - - - - 3
cci13 - - - - - - - - 2
SP 227 - - - - - - - - 2
SP 236 - - - - - - - - 2

In selecting a variety, growers are advised to pay attention to disease problems present in a field. (See
section on disease management in this publication). Other factors to consider are yield and quality of cured
leaf. Relative difference in the quality index may serve as a guide. Ground suckers and handling
characteristics are also important considerations. When trying a variety for the first time, plant a limited
acreage. Experience is still the best indication of variety suitability for each grower. New varieties may be
released after the date for printing this publication. Contact your local Extension agent for updated
information. Growers may choose to select two or more varieties with varying maturities to help extend
harvest for better utilization of curing barns.



NEW VARIETIES FOR 2015

The following varieties have been tested and have met the standards of the Flue-Cured Tobacco Variety Evaluation
Committee. Please refer to the tobacco variety test table for complete information on varieties. Growers are cautioned to
plant limited acreage of varieties that they do not have experience with.

New varieties for 2015 include:

PVH 2310 — a hybrid from F.W. RICKARD SEEDS, INC. The hybrid has good yields of good quality tobacco with earlier
maturity and ripening than other varieties on the market. PVH 2310 provides resistance to TMV and PVY as well as
tolerance to M. incognita and Tobacco Cyst Nematodes. PVH 2310 has low resistance to both races of black shank and
bacterial wilt. Plantings of this variety should be limited to a small portion of the crop and may be helpful in order to better
utilize existing barn space as a result of earlier ripening.

New varieties for 2014 include:

CC 143 — a hybrid from Cross Creek Seed. The hybrid has good yields of good quality tobacco with a race 1 black shank
rating of 19 and a bacterial wilt rating of 22.

CC 901 — a hybrid from Cross Creek Seed. The hybrid has good yields of good quality tobacco with a race 1 black shank
rating of 17 and a bacterial wilt rating of 26.

CC 1063 — a hybrid from Cross Creek Seed. The hybrid has excellent yields of high quality tobacco with a race 1 black
shank rating of 19 and a bacterial wilt rating of 17.

CU 110 — a hybrid from Clemson University. The hybrid has good yields of good quality tobacco with a race 1 black shank
rating of 34 and a bacterial rating of 25.

New varieties for 2013 include:

GL 338 — a hybrid from Gold Leaf Seed. The hybrid has good to excellent yields of excellent quality tobacco with a race 1
black shank rating of 45 and a bacterial wilt rating of 26

GL 368 — A hybrid from Gold Leaf Seed. The hybrid has good yields of quality tobacco. The hybrid has a black shank race
1 rating of 7with a bacterial wilt rating of 17.

GL 395 - A hybrid from Gold Leaf Seed. The hybrid has good yields of excellent quality tobacco. The hybrid has a race 1
black shank race rating of 11 and a bacterial wilt rating of 17.

NC 925 — A hybrid developed by NC State University and will be sold by several companies. The hybrid has good yields of
quality tobacco with a race 1 black shank rating of 12 and a bacterial wilt rating of 23.

PVH 2275 — A hybrid developed by FW Rickard Seed. The hybrid has good to excellent yields of quality tobacco with a
race 1 black shank rating of 52 and a bacterial wilt rating of 25. The hybrid has resistance to PVY and M. arenaria.



TOBACCO VARIETY TEST, 2013-2014 CONDUCTED AT PEE DEE RESEARCH AND EDUCATION CENTER, FLORENCE, SC

DISEASE RESISTANCE?®

YIELD PRICE VALUE LEAVE PLANT? DAYS T
VARIETY LB/A Qr $/CV(\:IT SIS/;T| EE BW FW RK PLANTSZ/ HT FLO\?VES
RACE 1
CC13 2818 83 169 5481 28 29 47 R 21 43 64
cc27° 2878 69 146 5173 38 15 61 R 20 42 62
CC33 2997 71 148 4686 14 20 33 R 20 43 63
CC35 3217 65 127 4533 26 51 49 R 20 45 71
cc37’ 3034 74 147 4723 27 13 61 R 20 43 62
CC 143 2824 71 142 3850 15 20 30 R 22 43 66
cce7” 2546 74 156 4737 16 17 49 R 19 42 60
CC901 2652 71 150 3877 11 21 36 R 23 44 65
CC 700 3227 73 148 5026 22 42 69 R 19 43 60
CC 1063 3031 73 153 4308 14 18 25 R 22 45 67
CU 124 2833 71 147 4112 18 19 63 R 23 43 71
CU 110 2874 71 151 4216 26 27 46 R 22 44 64
CU 144 2963 68 140 3979 11 27 46 R 22 44 68
GF 318" 3078 71 149 4846 25 28 57 R 20 43 61
GL 338 2877 75 151 4649 53 29 36 R 19 42 59
GL 368 2741 69 140 4089 12 25 28 R 20 44 59
GL 395 2744 75 154 4521 10 29 50 R 19 43 59
GL 362 2878 75 156 4353 23 42 64 R 22 42 64
K 326 3193 71 145 4685 34 40 52 R 21 42 59
K 346 2656 74 153 4678 11 18 44 R 20 42 60
NC 72 3217 72 147 5087 34 31 55 R 19 42 63
NC 92 3243 66 136 4615 40 21 83 R 19 43 62
NC 196 3106 72 151 5261 20 31 71 R 20 42 64
NC 297 2589 67 140 4545 38 30 77 R 20 41 61
NC 299 2756 76 156 4903 29 24 63 R 20 41 62
NC 4717 2597 72 149 4413 16 9 27 R 20 43 62
NC 925 2730 69 146 4554 15 31 63 R 20 43 61
PVH 1118 3012 73 149 4960 22 37 52 R 19 41 61
PVH 1452 2904 68 138 4192 15 18 52 R 20 41 61
PVH 2110 3097 72 145 4772 24 32 63 R 21 43 62
PVH 2275" 2740 72 145 4421 58 22 60 R 21 43 61
SPT 168 2733 67 136 4109 15 23 47 R 19 41 62
SPT 220 2733 75 153 4758 10 12 51 R 21 43 61
SPT 225 2419 71 145 3340 11 18 14 R 21 43 65
SPT 227 2904 64 133 4156 15 6 42 R 21 42 63
SPT 236 2753 71 146 4624 7 21 31 R 19 42 62

tol+ Quality Index based on a government grade on a scale of 1-100 with 100 the best.

“Disease resistance data, lower number indicates higher resistance. BS = Black Shank, BW = Bacterial wilt, FW = Fusarium Wilt, RK = Root Knot nematodes (M. incognita, S = Sensitive, R = Resistant).
® Plant height and number of leaves from 2014 data only. 4TMV Resistant
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GREENHOUSE SEEDLING PRODUCTION
RECOMMENDATIONS

Dewitt T. Gooden

Production of tobacco seedlings in a greenhouse differs greatly from field production. Management is
critical since the large excess of seedlings common to conventional production will not be present using a
greenhouse. Every effort should be made to obtain maximum seedling usability.

BEFORE THE SEASON

November through January is the time to get the greenhouse ready for the upcoming season. Water
analysis should be done at this time. Water should be analyzed on a yearly basis. Sanitize trays if you
have not already done so (please see the disease management section for procedures). Inspect the trays
for damage and order replacement trays. You may also want to place your media and seed orders at this
time. Inspect all greenhouse equipment and perform any needed maintenance. The float bed plastic
should be replaced at this time. Fire ants and mice may become a problem as they eat and carry off seed.
These pests should be eliminated prior to seeding. In general, get the greenhouse ready to be filled.

WATER QUALITY CORRECTION AND FERTILIZATION

Water quality (bicarbonate) correction should be performed before the trays are floated. Add the required
amount of acid after the beds are filled. A flow meter, available at plumbing supply houses, is helpful in
determining the amount of water in the bed. The amount of acid to add is calculated from a recent water
analysis report. First, calculate the total carbonate (TC) concentration by adding the concentrations of
HCO3 and CO3 from the report. Then multiply TC by 1.11 to get the fluid ounces of battery acid (9.19 N
sulfuric acid) per 100 gallons of float water. The amount of acid to use is now calculated at the
Clemson laboratory and will be added to the water analysis report. Use only virgin acid, as recycled
acid may contain harmful concentrations of heavy metals. Add the acid several days before the trays are
floated to allow time for the acid to react. The final water pH should be in the 6.0 to 6.5 range before
fertilizer is added. Do not add more acid than called for by the formula or an excessively low pH will
result. Consult your county agent for advice. It is not beneficial to preheat the float water.

GENERAL FERTILITY INFORMATION

All the fertilizer should be added through the waterbed with the float system. One-hundred (100) ppm N
early in the season is adequate. After four weeks, add another 150 ppm N. The initial application has
been reduced to lessen the possibility of salt injury. Research at VPI has indicated that plant quality is
improved when initial fertility application is delayed until two-three days after seeding. Since the second
application has been increased, the total rate is the same as in past years. This change is based on several
years of research conducted at both Clemson University and at North Carolina State University.

Split applications of fertilizer are recommended to reduce soluble salt problems sometimes experienced
during germination. The addition of fertilizer at four weeks after seeding should coincide with the first
addition of water to the beds. In severe situations (TC greater than 5), acid should be added along with
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the water. Adding water with the second fertilizer application should aid in mixing in the beds. It may
be helpful to add the solution at several spots in the bed. Please refer to the following section for
recommended fertilizer programs and rates.

Due to limitations in formulation of soluble fertilizers, no fertilizer can supply all nutrients needed for
good seedling growth. Calcium, magnesium, and/or sulfur may not be supplied by a particular fertilizer.
In order to supply a complete fertility program, gypsum (calcium sulfate) and Epsom salts (magnesium
sulfate) may be needed (see Fertility Programs section for use and rates). Sulfuric acid, if needed, will
supply plant available sulfate. Acid should be used only for water quality correction, not solely as a
fertilizer.

Over-fertilization with nitrogen and phosphorus may result in succulent plants which are more prone to
disease. In addition, over-fertilized plants will have to be clipped more frequently. Each clipping carries
with it the possibility of introducing disease. Do not exceed 10% phosphorus in the fertilizer. To avoid
excessive algae growth, float trays as soon as possible after adding fertilizer. Recent research and a
grower waste solution survey have indicated that previously used fertility programs (20-20-20, 20-10-20)
contained too much phosphorus. Potential negative effects of high phosphorus include higher cost, the
tendency to produce "leggy seedlings, and increased clipping demand, "tender" transplants, and greater
waste nutrient disposal problems. Seedlings grown with the low phosphorus programs will appear to
grow slower, but will be ready at the normal time. Since the phosphorus status of the plants may be low
at transplanting, a high phosphorus starter fertilizer in the transplant water may be advisable.

Calcium deficiency has been observed in several greenhouses. Some varieties are quicker to exhibit
deficiency symptoms, but all should respond to calcium fertilization. Use of calcium in a complete
fertility program will prevent potential problems. Calcium fertilization is necessary when the calcium
level of the water is less than 20 ppm. If calcium is not in the regular fertilizer, it can be supplied by the
addition of gypsum to the water bed.

Boron deficiency can occur when fertilizer without boron is used with water low in boron. To prevent
deficiency, a fertilizer containing boron as part of its micro nutrient package should be used when water
analysis indicates less than 0.5 ppm boron. Since boron can be toxic and only very small amounts are
needed for good growth, use of Sol-u-bor or Borax to supply boron is not recommended.

FERTILITY PROGRAMS

With the continual introduction of new fertilizers for greenhouse use, the grower has more fertility
options than ever. Many are low phosphorus materials, which may aid in height and clipping
management while reducing nutrient waste. Any of the materials listed below will grow good
transplants.

Described below are several complete fertility programs based around several popular fertilizers.
Gypsum and Epsom salts, where needed, should only be applied before seeding. There is no need
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to reapply gypsum or epsom salts when adding water. In addition, gypsum is not soluble enough to be
used with an injector and should be slurried and added directly to the water bed. See the table following
the descriptions for rates.

20-10-20: This fertilizer was at one time the standard for seedling production, but recent research
indicates that the phosphorus content is higher than needed. It has received continued use due to its
compatibility with acid in an injector tank. It does not contain calcium, magnesium, or sulfur. To provide
a complete nutritional package, gypsum and epsom salts are needed in all circumstances regardless of
acid use.

20-5-20: This material is a low-phosphorus version of 20-10-20. It is compatible with acid in an
injector tank, but also works well in waters where acid is not needed. It does not contain calcium,
magnesium, or sulfur. To provide a complete nutritional package, gypsum and epsom salts are needed in
all circumstances regardless of acid use.

16-5-16: This material is a low phosphorus version of 20-10-20 that also contains magnesium and
sulfur. It does not contain calcium. It is compatible with acid in an injector tank, but also works well in
waters where acid is not needed. To provide a complete nutritional package, gypsum is needed in all
situations.

16-4-13: This fertilizer replaces 16-4-16. It is neutral rather than acid forming and will not depress
water pH. It contains calcium and magnesium, but does not contain sulfur. Sulfur can be supplied by
adding Epsom salts if acid is not used for bicarbonate correction. It is not compatible with acid or Epsom
salts in an injector tank. Add these materials directly to the water bed.

15-5-15: The first low phosphorus fertilizer used for tobacco seedlings, this material has been
reformulated to be potentially basic and will not depress water pH. It contains calcium and magnesium,
but does not contain sulfur. Sulfur can be supplied by adding Epsom salts if acid is not used for
bicarbonate correction. It is not compatible with acid or Epsom salts in an injector tank. Add these
materials directly to the water bed.

The following table summarizes the fertility options. All but the 20-10-20 program are low phosphorus
programs. Please note that mixing 15-5-15 or 16-4-13 with sulfuric acid and/or epsom salts in an injector
tank will likely result in salting out of the mixture. This will not be a problem in the water bed. Initially,
a small amount may salt out in the bed, but it will return to solution before the plant needs the nutrients.

To use a fertilizer injector, the rates in the table should be used per 1 gallon of solution in the injector

tank. The injector should then be set to 100:1, which will result in 1 gallon of concentrate being
delivered into 100 gallons of bath water.
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FLOAT FERTILITY PROGRAMS WITH RATES

FERTILIZER SEEDING RATE | 4-WEEK RATE | EPSOM SALT GYPSUM
(0z/100 gal) (0z/100 gal) (0z/100 gal) (0z/100 gal)
20-10-20 6.5 10.0 3 5
20-5-20 6.5 10.0 3 5
16-5-16 8.3 12.5 0 5
16-4-13 8.3 12.5 3 if no acid 0
15-5-15 8.8 13.2 3 if no acid 0

Note: The rates in this table are different from a few years ago. The seeding rate has been reduced, and
the 4-week rate has been increased. The total fertilizer applied is the same. These fertility
recommendations will now appear on the Clemson water analysis report.

TRAY FILLING AND SEEDING

Tray filling is a critical part of production. Packing the media too tightly may result in plant roots not
penetrating the media (spiral roots), while packing too loosely may result in cells which do not wick
properly (dry cells). One of the several brands of media intended for tobacco transplant production
should be used. Most batches of media require water to be added for proper packing. The amount of
water needed varies greatly. It is best to practice wetting a bag or two of the media and filling a few trays
a week or two before you plan to seed. Float the trays and observe if any dry cells are present. Adjust
the water or packing as needed. A filler box greatly improves packing uniformity as compared to hand
filling. The media needs to be checked for clods and sticks that may interfere with filling. Sticks can
also lodge in cells, causing dry cells.

Greenhouses in South Carolina should not be seeded before February 1. Traditionally, greenhouses have
been seeded earlier. It is now known that good plants can be produced in less time than originally
thought. Delaying seeding will also result in energy savings, and should reduce the number of clippings
needed. The February 1 seeding date will provide good transplants in late March to early April.

Proper seeding is the first step toward obtaining maximum seedling usability. Either tube or vacuum
seeders can be used. Both types need frequent checking to be sure they are delivering one seed per cell.
Use only fresh, high quality seed intended for direct seed greenhouse use. Seed intended for precision
seeding field beds or custom-coated bare seed may not be suitable for use in the greenhouse. Often these
seeds are of lower germination and vigor than greenhouse seed. While this poses no problem in field
beds, it can result in lowered usability in the greenhouse. Do not use primed seed saved from years
before. Priming damages the long-term storage ability of tobacco seed. Low germination and seedling
vigor can result from using old primed seed.

Care must be taken as the trays are floated to avoid rough handling, which may dislodge seeds, resulting

in double and missing plants. There is no need to water over the top in the float system. A properly

packed tray will provide sufficient moisture for germination. For proper germination, the greenhouse

floor temperature should be held at 68 to 70 degrees F until germination is complete. Recent records

indicate 68 degrees F at night and 86 degrees F in the day as ideal for germination of most varieties.
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Thermometers should be located on the floor, not at eye level. There can be a great difference between
the floor temperature and the temperature at 5 feet (see engineering section for details of temperature
control systems). After germination, the temperature can be reduced to 50 degrees. If cold injury
symptoms appear (it looks the same as in the plant bed), increase temperature slightly and/or readjust the
horizontal air flow fans to prevent cold spots. Usually, cold injury causes no permanent damage. Some
varieties are more sensitive to cold injury and may require slightly higher night temperatures.

VENTILATION

Ventilation is critical in the greenhouse to control humidity and temperature. Side curtains should be
lowered in stages throughout the morning. Several visits to the greenhouse should be made each day. To
control humidity, it is often necessary to over-ventilate the greenhouse early in the day. Care should be
taken not to overly chill the seedlings when trying to control humidity. Dripping from excess humidity
can upset young seedlings and may increase disease potential.

Extreme care must be taken to keep the greenhouse temperature below 90 degrees, above which heat
injury is likely. Greenhouse temperature can increase very rapidly on sunny days anytime during the
production period. There is no substitute for frequent visits to the facility. Be sure to stress the
importance of ventilation to workers with responsibility in the greenhouse.

CLIPPING

Clipping should be used to increase seedling uniformity and maximize the number of usable seedlings per
tray. It should be used to hold seedlings only in emergency situations where field conditions do not allow
transplanting. By paying attention to fertilization and seeding date, clipping can be minimized. Due to
increased plant density and potential for producing "leggy" seedlings, management of clipping becomes
more critical as the number of cells per tray increases.

Mower maintenance is an integral part of successful clipping. The blade must be kept sharp. Keeping
the mower underside clean and slick will reduce the amount of clipped matter that falls back on the
plants. Since clipping is an excellent way to spread disease, good mower sanitation is vital (see disease
section). RAISED MOWERS CAN BE VERY DANGEROUS. EXERCISE EXTREME
CAUTION!

Begin clipping early to establish uniformity. Clip lightly at first to minimize plant shock and to reduce
problems with clippings falling back onto the plants. Do not clip closer than 1\2 inch above the bud.
Clip as needed to maintain uniformity and prevent excessive stem length. Five to ten clippings should
suffice. Surveys indicated that most growers clip an average of 8 times. If more clippings are required,
seeding date and/or the fertility program should be modified for the next year. The reduced phosphorus
programs given in the fertility table should minimize the need for clipping. Virginia research suggests
the following clipping programs: Begin clipping when plants are 2 - 2.5 inches tall (to bud). Set the
mower 1 - 1.5 inches above the bud. Clip on 3 day intervals for first 3 clippings and 5 days thereafter.
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KEY POINTS FOR SUCCESS IN A GREENHOUSE

1. Have water analysis done on a yearly basis. Water composition can change from year to year.
Correct water quality problems as needed. Do not use untreated surface water.

2. Make sure the greenhouse and equipment are ready for the season. Mice and fire ants should
be eliminated prior to seeding.

3. Do not over-fertilize. Consider using one of the new low phosphorus fertility programs
outlined previously.

4. Do not seed before February 1. Earlier than needed seeding wastes fuel and increases the
demand for clipping.

5. Pay attention to seeding and germination. Good germination has a large impact on final
seedling yield. The ideal temperature during germination is 68 degrees F at night and 86
degrees F during the day.

6. Keep a close eye on temperature. Greenhouse temperature can rise high enough to kill young
seedlings very quickly on sunny days. Measure temperature at the plant level.

7. Begin clipping early to establish uniformity. The first clipping should just cut the largest
plants. The amount of leaf removed at each clipping should increase as the season progresses.

8. Be alert for symptoms of disease. Remove diseased plants early. Keep your mower
sanitized.
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CROP _ROTATION IS AN EFFECTIVE AND EFFICIENT METHOD TO
IMPROVE TOBACCO PRODUCTION EFFICIENCY.

Tobacco production is most successful when grown in combination with other crops. Pests, especially
diseases, are easily managed when a good cropping sequence is followed. Soil structure is improved with
rotation, thus allowing better root development, greater water infiltration, and reduced soil erosion.
Tobacco will respond to all aspects of the rotational crop, and in some cases, this may create additional
management needs, such as excess nitrogen or nematodes from a legume crop in the rotation. Grain
crops, like small grain or corn, are good rotational crops for tobacco. County Agents estimate that
practically all tobacco is rotated with soybeans, corn, cotton and peanuts as rotation crops Crop rotation is
the backbone of a good disease management program! See disease section.

CULTIVATION AND WEED MANAGEMENT

Cultivation is essential to aerate crusted soil, build the row ridge, reduce drowning, and aid in weed
control. Hard soil around newly set transplants must be shattered, as this soil remains cold, and roots
cannot penetrate to pick up nutrients. Cultivate early and deep enough to shatter the crust, as later
cultivation may injure roots.

Herbicides are used on nearly all of the tobacco acreage to control weeds and grasses. Most farmers use
herbicides and cultivation to control weeds. Unnecessary cultivations increase production cost, spread
mosaic virus, and may cut roots, thus contributing to soil borne diseases such as bacterial wilt and black
shank.
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WEED CONTROL IN TOBACCO

Mike Marshall

Preplant (Incorporated) Herbicides for Weed Management in Tobacco

Herbicide Rate/Acre Broadcast Mode of Preharvest Restricted

Formulation |Active Ingredient|  Action Interval | Entry Interval
Command 3ME 2.0-2.67 pt 65 days 12 hours
(clomazone) 0.75-1.0Ib 13

Comments: Apply COMMAND to the soil surface as a broadcast spray and incorporate using shallow tillage (less
than 2 inches). Excellent control of prickly sida and annual grasses. Good control of ragweed. See label for other
restrictions and drift control measures. COMMAND may persist and cause injury to small grain cover crops, see
label for details. COMMAND may be applied up to 7 days after transplanting.

Devrinol 2EC 2.0-4.0qt 70 days 24 hours
(napropamide) 1.0-2.01b 15
Devrinol 50DF 2.0-4.01b

Comments: Apply DEVRINOL preplant incorporated by shallow disking. Controls pigweed, ragweed and other
broadleaf weeds. Use the higher rate for fields with a history of heavy weed infestations. Will not control
morningglories. Do not exceed 2.0 Ib ai/A DEVRINOL per cropping season. Do not apply DEVRINOL more than
once per cropping season.

Prowl H20 3.8EC 2.0 pt 24 hours
(pendimethalin) 0.951b 3
Prowl 3.3E 2.4 pt 0.991b

Comments: Apply PROWL broadcast on the soil surface and incorporate up to 60 days before transplanting.
Increase rate where weed pressure is heavy. Controls small seeded annual grasses and broadleaf weeds.

Tillam 6E 2.67 gt 12 hours
(pebulate) 6.01b 8

Comments: Apply TILLAM and incorporate immediately to prevent evaporation of TILLAM with a tandem disk
set to cut 6" deep. For best results, run the tandem disk in two different directions (cross disk). Drag with a spike
tooth harrow or cultipack to help seal TILLAM in soil. Provides good control of most grasses and nutsedge.
TILLAM is not persistant in the soil and weeds germinating late in the season will not be controlled.

Tillam 6E 2.67 gt 70 days 12 hours
(pebulate) 6.01b 8

+ +

Devrinol 2EC 2.0-4.0 gt 1.0-2.01b 15

(napropamide)

Devrinol 50DF/DF- 2.0-4.01b

XT

Comments: Apply DEVRINOL + TILLAM preplant incorporated by shallow disking. This combination will
provide control of nutsedge and annual grasses and broadleaves. Apply up to 3 weeks before transplanting. Do not
apply more than 1 gallon/A of DEVRINOL 2EC per season. Do not make more than 1 application of DEVRINOL
per season. Use lower rate on coarse-textured soils.
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Pretransplant (Surface Applied) Herbicides for Weed Management in Tobacco

Herbicide Rate/Acre Broadcast Mode of Preharvest Restricted

Formulation |Active Ingredient|  Action Interval | Entry Interval
Spartan 4F 6.0-8.0 fl oz 12 hours
(sulfentrazone) 0.19-0.25Ib 14

Comments: Apply SPARTAN 4F to the soil surface following land preparation from 14 days up to 12 hours
before transplanting. If beds are formed before transplanting, the top of the beds should be knocked down prior to
application of SPARTAN. Sprayer calibration and good agitation are essential with application of SPRATAN.
Avoid excessive overlap of spray swaths. Excellent control of morningglory, pigweed, lambsquarters and yellow
nutsedge. Do not apply SPARTAN over the top of transplanted tobacco as crop injury may occur. Tank mix with
COMMAND or PROWL for improved grass control. Do not apply more than 12 fl oz/A of SPARTAN per 12
month period. Do not apply SPARTAN to soils classified as sands with less than 1.0% organic matter. Do not use
SPARTAN in tobacco seeding beds or greenhouses.

Spartan Charge 3.5F  5.7-10.2 fl oz 12 hours
(carfentrazone 0.016-0.028 Ib 14

+ +

sulfentrazone) 0.16-0.251b 14

Comments: Apply SPARTAN CHARGE to the soil surface following land preparation from 14 days up to 12
hours before transplanting. If beds are formed before transplanting, the top of the beds should be knocked down
prior to application of SPARTAN CHARGE. SPARTAN CHARGE will provide postemergence activity on weeds
(less than 3 inches in height) present at the time of application. Sprayer calibration and good agitation are essential
with application of SPRATAN CHARGE. Avoid excessive overlap of spray swaths. Excellent control of
morningglory, pigweeds, lambsquarters, and yellow/purple nutsedge. Do not apply SPARTAN CHARGE over the
top of transplanted tobacco as crop injury may occur. Tank mix with COMMAND or PROWL for improved grass
control. Do not apply more than 15.2 fl 0z/A of SPARTAN CHARGE per 12 month period. Do not apply
SPARTAN CHARGE to soils classified as sands with less than 1.0% organic matter.

At-Transplant (POST) Broadcast Herbicides for Weed Management in Tobacco

Herbicide Rate/Acre Broadcast Mode of Preharvest Restricted

Formulation \Active Ingredient | Action Interval | Entry Interval
Command 3ME 2.0-2.67 pt 65 days 12 hours
(clomazone) 6.01b 13

Comments: Apply COMMAND over-the-top of transplants immediately after setting to provide soil residual control
of small seeded annual grasses and broadleaves. Use the higher rate for fields with a history of weed problems. If
possible, irrigate with a half inch of water if no rainfall occurs within 3 to 5 days.

Devrinol 50DF/DF- 2.0-4.01b 70 days 24 hours
XT (napropamide) 1.0-2.01b 15
Devrinol 2EC 2.0-4.0 gt
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Comments: Apply DEVRINOL over-the-top of transplants immediately after setting to provide soil residual control
of small seeded annual grasses and broadleaves. Use the higher rate for fields with a history of weed problems. If
rainfall does not occur within 5 days, shallowly incorporate or irrigate with sufficient water to wet soil to a depth of 2
to 4 inches. Do not apply more than 4 Ib DEVRINOL per season.

Post-Transplant Directed (Layby) Herbicides for Weed Management in Tobacco

Herbicide Rate/Acre Broadcast Mode of Preharvest | Restricted

Formulation |Active Ingredient, ~ Action Interval | Entry Interval
Aim 2EC/1.9EW 0.8-1.5floz 6 days 12 hours
(carfentrazone) 0.0125-0.024 Ib 14

Comments: Apply AIM using a shielded or hooded sprayer to weeds that are emerged and actively growing before
layby (less than 3 inches in height). Add crop oil concentrate (COC) at 1 gal per 100 gal of spray solution.
Coverage is essential for maximum efficacy on target weeds. Do not apply AIM when conditions favor drift. Do
not allow spray to contact tobacco foliage or green stem tissue as severe crop injury may occur. Do not apply more
than 3.06 fl oz AIM per acre per season. Rainfast interval = 6 hours.

Devrinol 50DF 201b 70 days 12 hours
(napropamide) 1.01b 15

Devrinol DF-XT

Devrinol 2EC 4t
Comments: Apply following last cultivation. Direct spray into row middles using drop nozzles. Provides only
residual control. No activity on emerged weeds. If rainfall does not occur within 5 days, shallowly incorporate or
irrigate with sufficient water to wet soil to a depth of 2 to 4 inches. Do not apply more than 4 Ib/A of DEVRINOL
per season.

Poast 1.5E 1.0-1.5pt 42 days 12 hours
(sethoxydim) 0.19-0.28 Ib 1

Comments: Apply anytime during crop growth before annual grasses exceed 4-6" tall. For rhizome johnsongrass,
apply 1.5 pt/A up to 25" tall. A second 1.0 pt/A treatment may be applied to control regrowth up to 12" tall. For
bermudagrass, treat 6" runners with 1.5 pt/A, and then apply a second application of 1.0 pt/A to 4" re-growth. Add
1 pt/A of DASH HC or SUNDANCE HC adjuvant or COC 2 pt/A plus UAN at 4-8 pt/A or AMS at 2.5 Ib/A. Do
not apply more than 4.0 pt/A per season of POAST. Rainfast interval = 1 hour.

Prowl H20 3.8EC 1.5-2.0 pt N/A 24 hours
(pendimethalin) 0.71-0.95 Ib 3
Prowl 3.3 EC 1.8-2.4 pt 0.74-0.99 Ib

Comments: Apply 4 to 6 weeks after transplanting in a 16 to 24 inch directed band between crop rows. Spray
should not contact the tobacco leaves. Use the higher product rate where weed pressure is heavy. Controls most
annual grasses and pigweeds. No activity on emerged weeds.
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Weed Response to Herbicides for Tobacco Weed Management!

PRE-TRANSPLANT

POST-TRANSPLANT

PPI PRE | AT-TP | LAYBY DIRECTED
S
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cocklebur, common F|P|P|P|P|FGIFG| F | P P G P P
crabgrass E|E|E|E|E|FG|FG| E | E E P E E
crowfootgrass E|E|E|E|E|F|F|G]|E E P E E
goosegrass G|E|G|G|G|FG|FG| G | E E P E E
Johnsongrass (seedling) G|F|G|G|G|F|F|F|F E P F G
lambsquarters G|G|G|G|G|E|E|FG|G P E G G
morningglory spp. P|P|P|P|P|E|E|P|P P |GE| P P
nutsedge, purple P|P|P|P|P|E|E|P|P P P P P
nutsedge, yellow P/ P|P|F|F|E|E|P]|P P P P P
panicum, fall G|G|G|G|G|FG|IFG| G |G P P G G
panicum, Texas G|-|G|P|P|F|F|G|-| G P |- | G
pigweeds PIG|G|G|G|E|E|P|G P E G | GE
pusley, Florida FIE|G|G|E|FG|FG|FG| G P - | E E
ragweed, common G|F|P|P|G|P|P|F|F P F F P
sandbur F|-|G|G|G|PF|PF|F |--| G P |- |G
sicklepod P|P|P|P|P|P|P|P]|P P P P P
sida, prickly EP/ P|P|F|P|P|G|P P P P P
smartweed G|P|P|P|P|E|E|G|P P E P PF

Key to Response Ratings: E = excellent control, 90% or better; G = good control, 80 to 90%; F = fair

control, 70 to 80%; P = poor control, less than 70%; ---
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FERTILIZATION

Dewitt T. Gooden

Proper fertilizer is important in managing a tobacco crop for good yields and highest possible quality at
least cost. A soil test is an excellent way to determine the amount of nutrients needed for each field. It
also helps to keep the pH near the optimum of 5.6-6.0. Field surveys have shown a significant number of
fields with pH less than 5.6. Greater than ninety percent of the samples had P reading high or greater,
while 90% or more of the samples had K readings medium or better. This indicates producers should pay
close attention to soil testing and adding lime to get the pH into a desirable range. This should
significantly help performance of rotational crops. Fertilizing by soil test has proven to be extremely cost
effective.

Most tobacco soils in South Carolina need 60-80 Ib of nitrogen (depending on depth to clay), 40 Ib or less
of phosphorus (P,0s), and 120-140 Ib of potassium (K,O) per acre. Phosphorus and potassium should be
applied according to soil test recommendations. Using more nutrients than needed is wasteful, increases
production costs, decreases profit and adds to environmental concerns.

TRANSPLANT WATER FERTILIZATION

The use of fertilizer in tobacco transplant water has traditionally been discouraged because of lack of
crop response and potential crop injury. There has been recent interest in using transplant water fertilizer
with greenhouse plants to help offset a reported slow start from these transplants.

In 18 on-farm studies conducted in South Carolina using greenhouse grown transplants from 1994-1999,
50% showed an early season response to high phosphorus starter fertilizer applied in transplant water. In
a couple of cases this resulted in earlier flowering. However, there was no positive yield or quality
response to starter fertilizers. There is a potential for fertilizer salt injury with these materials especially
when low volumes of water are used, extra fertilizer rates are used, or soil moisture is low. When other
fertilizer materials like 16-0-0 or liquid N (30%) are used in transplant water severe injury may occur.

EFFECT OF EXCESSIVE NITROGEN

Nitrogen affects yield and quality more than any other nutrient. Too much nitrogen will increase sucker
growth, delay optimum harvest time, increase the severity of some foliar diseases, lower quality, and
even lower yields. Research in other states indicates that modern varieties are much more efficient at
utilizing nitrogen than older varieties, and consequently, this factor should be considered when selecting
a fertilizer program.
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On-farm tests were conducted during 1985 through 2002 with various nitrogen rates. The recommended
rate of nitrogen used at each location varied from 60 to 80 Ib/A depending on topsoil depth. All
treatments received a base rate of 667 Ib/A of 6-6-18 with enough nitrate of soda added to give the
various nitrogen levels. Yield and quality index are shown in the following table:

ON-FARM NITROGEN TEST
1985-2002 (49 locations)

YIELD % UNRIPE &
NITROGEN Lb/A Ql. IMMATURE GRADE*
Recommended | 2,739 | 62 66
Rec + 20 Ib 2,819 | 60 75
Rec +40 Ib 2,755 | 58 79

* 2002 - 3 locations

Yield did not significantly increase beyond the recommended level of nitrogen. Highest rates decreased
the quality index and raised the percentage of unripe and immature grades, thus causing the grade to
become a third or fourth quality versus a first or second.

Sucker problems increase with excessive nitrogen. The following table shows an additional 20 Ib/A of

nitrogen increased sucker count by 15 percent, while 40 Ib/A of additional nitrogen increased sucker
number over 50%.

EFFECT OF EXCESSIVE NITROGEN ON SUCKER GROWTH-1993

NITROGEN SUCKERS
RATE/A NUMBER/A
Recommended 2,167
Recommended + 20 Ib 2,500
Recommended + 40 Ib 3,300

3 locations

EFFICIENT USE OF FERTILIZER NUTRIENTS

Tobacco growers should strive to get the most efficient use of fertilizer. This may be accomplished by
(2) using high analysis fertilizer, (2) using only enough complete fertilizer to supply the needed nutrients,
(3) matching applied nutrients with soil test results (4) applying all fertilizer at or after transplanting, and
(5) applying all nutrients early.

Many South Carolina tobacco growers used 6-6-18 or another high analysis fertilizer in 2013. These

growers recognize the economic advantage and the lower labor and transportation costs associated with

high analysis fertilizer. Complete fertilizer supplies a basis on which to build. Most growers should be

using enough complete fertilizer to supply approximately 40 Ib of nitrogen/A plus adequate phosphorus
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and potassium. The remaining nitrogen should be supplied by one of the nitrogen sidedressing materials
like nitrate of soda, calcium nitrate or their equivalent. Many growers use 15.5-0-0 as their sidedress
material while others used a nitrogen solution. Research has shown this system equal in yield and quality
to using complete fertilizer to supply all nutrients. This system also saves money (2-3 cents/lb of
tobacco).

Nitrate nitrogen used as a sidedress material has been popular in the past. Recent studies illustrate that
numerous nitrogen sources produce quality cured leaf. The actual cost of each nitrogen source should be
considered. The following tables compare various nitrogen sources as sidedress materials.

EFFECT OF NITROGEN SIDEDRESS MATERIAL
ON FLUE-CURED TOBACCO*
1988-90 (8 Locations)

MATERIAL YIELD (Ib/A) Q.l
16-0-0 2623 61
15-0-14 2615 59
15.5-0-0 2560 62
34-0-0 2529 58
46-0-0 2556 59

*All treatments received 667 Ib/A of 6-6-18. Remainder of nitrogen up to recommended
level came from sidedress materials.

VARIOUS SIDEDRESS MATERIALS USED
ON FLUE-CURED TOBACCO
1999-2002 (12 Locations)

SIDEDRESS MATERIAL | YIELD (Ib/A) Q.l. PRICE ($/cwt)
16-0-0 2679 64 173
15-0-14 2670 64 173
30% N 2569 64 173
S-24 2641 64 173
6-6-18 2643 63 172

a. All plots received 667 Ib of 6-6-18; remainder of nitrogen up to recommended level came from
sidedress materials.
b. All materials were equally effective in producing quality cured leaf.

As indicated earlier, greater than 90% of the tobacco soils test high or above in phosphorus. Twenty to 40
Ib per acre of phosphorus fertilizer is recommended on these tobacco soils. The table below shows data
from tobacco tests grown on high phosphorus soils. This data shows no response to adding greater than
40 Ib/A phosphorus. These results indicate that producers can save money, fertilizer nutrients and be
environmentally sound by fertilizing tobacco according to soil tests.
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EFFECT OF PHOSPHORUS FERTILIZER ON YIELD AND QUALITY
OF FLUE-CURED TOBACCO
9 Locations On-Farm Test 1989-91, 2003-2004

FERTILIZER GRADE | LB P,Os/A YIELD (Ib/A) Q.l
1-0-3 0 2323 64
1-1-3 40 2384 66
1-2-3 80 2295 64
1-3-3 120 2473 67

BLEND VS. AMMONIATED FERTILIZER
1994-96 (6 locations)

FERTILIZER YIELD (Ib/A) Q.l. PRICE ($/lb) | VALUE ($/A)
6-6-18 Ammoniated 2917 71 176 5142
6-6-18 Blend 2830 72 176 4971
3-9-9 Blend 2997 69 175 5262
6-18-18 Blend 2970 74 177 5265
NS NS NS NS

There is little difference in yield and quality of tobacco when using blends versus ammoniated fertilizer.

Most South Carolina growers delay application of fertilizer until a week after transplanting. This
decreases fertilizer injury, lessens the chance of leaching before transplanting, improves fertilizer
efficiency, and provides flexibility for the grower if replanting is necessary.

All nutrients should be applied by the third to fourth week after transplanting. Avoid late applications of

nitrogen at layby. The results of on-farm tests indicate a decrease in yield and value when nitrogen is
applied later in the season.

ADJUST FOR LEACHING

Recommended rates of nitrogen range from 60 to 80 pounds per acre under most conditions. When
excessive amounts of rainfall occur from transplanting until about the 7th week, additional nitrogen may
be necessary. A good practice is to have a rain gauge near each field and record rainfall daily. Sandy
soils leach more readily than heavier soils. DO NOT OVER-ADJUST! Foliar fertilizers supply small
amounts of nutrients, are therefore expensive, and may lower quality if used in an attempt to compensate
for leaching losses.
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PERCENT OF NITROGEN (N) TO BE REPLACED"

2 WEEKS AFTER TRANSPLANTING

DEPTHTOCLAY | e WATER 1-3 45 6-7
Less than 12" ; 200 100 8
(Total N needed = 60 Ib) 3 30 20 0
12-16" ; 32 §8 100
(Total N needed = 70 Ib) 3 60 40 15
Over 16" ; ?g gg ;g
(Total N needed = 80 Ib) 3 100 45 25

T Apply 1 pound of potassium per pound of nitrogen when adjustments are made.
"2 Excess water is that amount moving through the soil after the soil has reached its water-holding capacity. Subtract
the estimated amount of water that runs off the field from the total rainfall to determine excess water.

SOIL MOISTURE MANAGEMENT

The quality and chemical composition of flue-cured tobacco is determined by the interaction of nitrogen,
sugar, and soil moisture. Ideally, nitrogen should be depleted about the time flowering occurs. As
nitrogen is depleted, sugar accumulation begins. Dry spells 30-60 days after transplanting have
pronounced effects on yield and quality of flue-cured tobacco, as nitrogen uptake and metabolism is
limited. Normal nitrogen-sugar metabolism is delayed, thus preventing normal ripening of the tobacco.
When cured, this tobacco has less than desirable physical and chemical characteristics.

Factors that may improve soil moisture availability include in-row subsoiling and supplemental irrigation.
Irrigation of tobacco would improve quality and yield and promote a normal maturing crop. Tobacco
grown on Coastal Plain soils usually responds less to irrigation than that of the Sandhills, but surveys in
neighboring states indicate, in an average year, yield and value/lb could improve 10-15%. In a severe
drought, like 2002, yield and price/lb might improve 25% or more with irrigation. Irrigation allows
timely maturity and thus helps keep sucker control, harvesting, curing and marketing on schedule. In
2006, North Carolina data indicated it cost $11.45/A to irrigate tobacco one time. In addition, the fixed
cost based on a 72 acre traveling gun system would be $67/A.

For irrigation of tobacco, a dependable supply of clean water is a must. The water can come from ponds,
streams, or wells and should be free of plant disease organisms and high levels of chemicals, such as
sulfur and chloride. Water should be tested prior to use.

A practical irrigation system for South Carolina producers is some type of traveling gun. At transplanting
and the layby to flower stage are the most critical periods of drought stress for tobacco. A light irrigation
(about .5 inch) usually proves beneficial at transplanting. In the knee high to bloom stage, a drought can
drastically affect yield and quality of the crop, and tobacco will need about 1 inch of water per week.
Begin irrigation when 50% of the available soil moisture is depleted during this stage. Irrigate at the after
transplant to knee high and after flowering stage only when severe drought and wilting occur. Irrigation
of tobacco would have been of tremendous benefit in 1980, 1986, 1990, 1993, 1998, 1999, 2002, 2007
and 2011 in South Carolina. Approximately 15% of South Carolina's tobacco crop was irrigated in 2011.
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EARLY TOPPING

Top tobacco as early as is practical. Research has shown a 25 pound per acre decrease in yield for each
day that topping is delayed. On-farm tests were conducted at several county locations to measure the
effects of topping when fifty percent of the plants had reached the button stage, 1 week later, 2 weeks
later, and 3 weeks later. The results are shown in the following table.

ON-FARM TOPPING TEST 1985-88

TOPPING TIME Lb/A $/A $/ Ib Q.l
50% button 2,430 4,149 1.71 51
1 week later 2,415 4,093 1.69 49
2 weeks later 2,288 3,839 1.68 49
3 weeks later 2,176 3,630 1.67 48

Highest yield and value per acre resulted when tobacco was topped early. Topping early produces larger
upper leaves, less wind damage, decreased budworm pressure and better drought tolerance. Timely
topping may also reduce chances for late season infection by Tomato Spotted Wilt Virus.

Proper use of contact sucker control agents allows early topping of tobacco. County agent surveys

indicate that many producers could improve their yields and quality, as only 70% of the producers are
topping at early flower or sooner.

SUCKER CONTROL

In modern flue-cured tobacco production, it is often necessary to control suckers 10-12 weeks, which is
longer control than expected with MH (maleic hydrazide). Flumetralin (Prime +, Flupro, or Drexalin
Plus) when combined with the proper use of contacts and MH, offer good season-long control of tobacco
suckers.

Sucker control is necessary for high yields, good quality, reduced hand labor, and efficient use of
harvesting equipment. With the chemicals and equipment available today, it is difficult to obtain 100
percent sucker control; however, good management techniques will result in reduced production costs
through reduced hand suckering labor. It is important to keep the MH residue as low as possible to
protect our markets. Growers are using new sucker control programs that offer excellent late-season
sucker control while keeping MH residues to a minimum. A good sucker control program must utilize
CONTACTS, LOCAL SYSTEMICS, and MH, for best results. Consider the following points in a sucker
control program:

1. Strive to produce a uniform crop of tobacco. Uniformity improves sucker control efficiency. Be sure
equipment is adjusted to match row widths. Avoid premature flowering. Greenhouse grown plants
offer a very uniform crop of tobacco.

2. Avoid excessive rates of nitrogen! Nitrogen rates beyond the optimum 60-80 Ib/A will increase
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sucker pressure as well as reduce the quality of the cured leaf.

. Proper use of contacts helps reduce pressure on systemic materials. Contacts delay application date
for systemics, thus allowing adequate levels of MH later into the season to help suppress late-
developing suckers. Contacts must contact the small suckers as the material runs down the stalk. A
good job with contacts is a must for good sucker control.

. Start early with contact-type materials! Tests have shown that the first contact application should be
applied when approximately 50 percent of the plants have reached the button stage. If application is
delayed beyond this time, many suckers will be too large to control with contacts, and additional hand
labor will be required. Tobacco should be topped as soon as practical after first application of
contact.

CAUTION: Contacts (fatty alcohols) should have continuous agitation when mixed with water. If
the solution is not agitated for a length of time, it should not be used since damage to tobacco may
occur. Avoid using cold water.

. Use the right concentration of contact! Mix 2 gal (4% solution) of contact (C8 - C10 fatty alcohol)
with 48 gal water or mix 1.5 gal (3% solution) of contact (C10 fatty alcohol) with 48.5 gal for the first
application. Increase the concentration to 2.5 gal (C8 - C10 fatty alcohol) with 47.5 gal water (5%
solution) or use 1.5 gal of contact (C-10 fatty alcohol) in 48.5 gal water (3% solution) for the second
application about 3-5 days after the first application. Many growers use concentrations that are too
weak. If 5-10% of late plants in the field are not chemically topped, the concentration of solution is
probably too weak for best sucker control. C-10 fatty alcohol (Antak, Royaltac, Fairtac) are hotter
materials than C8-C10 fatty alcohols and, therefore, are used at lower concentrations.

. Use enough spray solution with contacts, local systemics, combinations! Use the 3-nozzle
arrangement with a TG-3 on either side and a TG-5 in the center and set pressure at 20 psi.
Slow the travel speed so that 50-60 gal/A are used. Recent studies have shown that longer
nozzles can effectively be used at faster speeds.

1999-2001 SUCKER CONTROL TEST
NOZZLE SIZE VS. SPEED OF APPLICATION

(Average of 6 locations - 3 reps each)

MATERIAL NOZZLE SIZE | SPEED NO. SUCKERS/A | SUCKERS/A (Ib)
CONTACT/CONTACT/RMH 3-5-3 2.8 mph 10,628 1,087
CONTACT/CONTACT /RMH+P* 3-5-3 2.8 mph 2,975 402
CONTACT/CONTACT /RMH 6-8-6 4.6 mph 10,178 1,343
CONTACT/CONTACT /RMH+P* 6-8-6 4.6 mph 2,410 206

CONTACT = 2.0gal/A/25gallA
RMH = 1.5 gal/A (Royal MH)
P = 2.0 gts/A (Prime")

SPRAY SOLUTION

50 gal/A
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7. Apply MH according to label instructions. Make only one application of MH per season unless
significant rainfall occurs within four hours of first application, thus requiring reapplication. If
rainfall occurs 4-10 hours after application, then reapply only 1/2 the recommended rate. After 10
hours, no reapplication is needed. Apply MH to the upper third of the plant using three nozzles.

8. Use enough water with MH materials! Some growers may not be getting the best control with MH
materials because they may be using too little water. Research has shown that 50 gallons is better
than 25 gallons.

9. Consider Using flumetralin in addition to MH. Growers concerned about maleic hydrazide residue
and poor late-season control may choose to use flumetralin (Prime* , Flupro or Drexalin Plus) in
addition to the recommended rate of MH. Approximately 90% of growers chose this option in 2010.
Flumetralin combined with MH, gives excellent sucker control and, at the same time, keeps MH
residues to a minimum. Consider using flumetralin in one of the following ways:

a. Use 2 gt/A flumetralin as a second or third contact, followed 1 week later with
the recommended MH application.

b. Or, mix 2 gt/A of flumetralin with the recommended rate of MH and apply as a
coarse spray at the regular MH application time.

c. Or, use 2 qt/A of flumetralin 3-4 weeks after the regular MH application as
suckers begin to develop.

d. The application of flumetralin can be split into 2 applications of 1 gt each. Choose

between using 1 gt of flumetralin at 2 of the following times: with the last contact,
with MH or in 1-2 weeks after MH.

10. Other Sucker Control Considerations

a. Less than labeled rates of MH: Use MH rates below labeled amounts to help reduce
MH residues. Use 2 contacts followed by 2 gts of flumetralin (Prime +, Flupro or Drexalin
Plus) and then follow this with a tank mix of 1 gal of MH (the 1.5 Ib active ingredient
material) plus 1 gt of flumetralin.

b. MH free tobacco: Apply flumetralin (Prime+, Flupro or Drexalin Plus) by the dropline
method without using a contact. Mix 2-3 quarts of chemical in 49.5 to 49.25 gallons of water
and apply 1/3 — 2/3 oz of solution per plant within one day of topping. Top when 50% of the
tobacco is in the elongated button to early flower stage. Be careful to not treat previously
treated plants or to use more material than needed to run to bottom of the plant.

Or spray 2 or 3 contacts followed by 2 gts flumetralin (Prime+, Flupro or Drexalin
Plus) followed by 1 gt of flumetralin in a week or two. Spray the 2™ flumetralin application
in the opposite direction to allow better contact with each leaf axil.

Flumetralin is a local systemic material and must contact the sucker in the leaf axil as the material runs
down the stalk. Data from tests indicate that a combination of flumetralin and MH gives better sucker
control than applying additional MH which is illegal. Flumetralin is a dinitroanilines and may cause
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stunting to corn, small grain and tobacco grown in rotation. Most complaints have occurred following
hand application. Break soil deep with turn plow after crop is harvested to prevent damage to next crop.

The 2 quart rate of flumetralin should not result in soil residue problems.

1991-2004 ON-FARM SUCKER CONTROL TEST-S.C.

Average of 31 Tests - 3 reps

RATE SUCKERS AT MH WEIGHT OF
TREATMENT (qall/A) HARVEST* RESIDUES*** SUCKERS
(number/A) ppm (Ib/A)
C/C/MH 2/2.5/1.5 7857 77 1804
CICIMH+P* 2/2.5/1.5+5 1466 77 418
C/P*/MH 2/.5/1.5 **** 2243 88 655
C/CIMH/P* 2/2.5/1.5/.5 ** 1096 74 236

*  Time final harvest conducted after MH application varied 5-9 weeks.
**  Prime* applied 3-4 weeks after MH application.

***1991-92 average only

**** 1991-1997 only.

2002-2003 COMPARISON OF PRIME" AND FLUPRO
SUCKER CONTROL MATERIALS (5 LOCATIONS)

TREATMENT* # SUCKERS/A SUCKER WEIGHT (LB/A)
Flupro 4670 2387
RMH + Flupro 2580 624
Prime” 4100 2791
RMH + Prime* 1680 492
RMH 8420 2764

*All treatments received 2 contacts. Flupro and Prime™ applied at 2 gts/A.
RMH at 1.5 gal/A.

11. Hold MH Residues to a Minimum.

-Avoid excess nitrogen rates.

-Use labeled rates of MH.

-Do not apply MH more than one time.

-Allow seven days or more between MH application and harvest. (Harvesting too

soon after MH application is a major reason for high MH residues!) If harvest
and application are needed at the same time, harvest first!)

-Do not apply MH when tobacco is drought stressed.
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-Use flumetralin along with recommended rate of MH.
-Consider using a non-flowering variety.
-Higher MH residues are likely to occur in a dry year.

12. New Sucker Control Equipment.

The conveyor acts as a shield when applying sucker control materials and potentially offers the
following benefits that include reducing the effects of wind on the spray pattern,_and possibly
reduces MH residue levels. The conveyor restricts the spray pattern to a 12 inch band that tends to
force most of the spray solution to the center of the plant.

TYPE 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004

14 (GA/FL) | 200 | 118 | 139 | 128 | 119 | 120 | 130 | 194 95 139 | 125 | 130 | 210 | 173

13 (SC) 183 | 143 | 131 | 124 94 96 140 | 164 91 100 76 135 | 127 | 125

13 (NC) 210 | 137 | 148 | 128 | 120 90 140 | 194 98 66 72 115 | 103 | 117

12 (NC) 138 | 135 | 141 | 117 | 114 89 153 | 140 95 80 109 | 100 | 130 | 81

11 (NC) 103 | 124 | 104 | 112 | 114 75 93 118 42 64 74 70 76 37

11 (VA) 76 38 48 34 39 41 41 42 29 39 39 39 19 33

AVG. 140 | 115 | 117 | 103 | 101 85 120 | 133 79 80 86 100 | 118 | 89
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SUCKER CONTROL CHEMICALS GUIDE

CONTACTS
Product Name Active Ingredient Use Rate REI PHI
Off-Shoot T EC
1 octanol and
Supker Plucker EC 1 decanol mixture 2.0 gal/A 24 hours 7 days
USRS 6.01 to 6.04 Ib/gal
Royaltac M EC ' ' g

Remarks: Mix with 48 gal water and apply 50 to 60 gal mixture/A. Use two TG-3 nozzles and a TG-5 nozzle in

center or equivalent at 20-25 psi pressure. Apply at early button stage before suckers are 1-2 inches long. Second
application may be made 3-5 days later. Use 2.5 gal in 47.5 gal of water. Tobacco should be topped as soon as is
practical after first application. Mixing of other pesticides and surfactants with fatty alcohols is prohibited.

Antak EC
Royaltac EC
Fairtac EC

N-decanol

5.7 t0 5.72 Ib/gal 1.5 gal/A

24 hours 7 days

Remarks: Mix with 48.5 gal water and apply 50 to 60 gal of solution/A. Use two TG-3 nozzles and a TG-5 nozzle in
center or equivalent at 20-25 psi pressure. Apply at early button stage before suckers are 1-2 inches long. Second
application may be made 3-5 days later using same concentration of solution. Top tobacco as soon after first
application as is practical. Mixing of other pesticides and surfactants with fatty alcohols is prohibited.

SYSTEMICS

Product Name Active Ingredient Use Rate REI PHI
Royal MH-30 EC maleic hydrazide
Super Sucker Stuff EC (21.7% potassium salt) 1.5gal/A 12 hours 7 days
Fair Plus EC 1.5 Ib/gal

Remarks: Apply with 40 to 50 gal of water/A using 40 psi pressure and TX-18 nozzles or equivalent. (Royal MH-30
is labeled for coarse or fine spray. Coarse application would be as fatty alcohols are applied.) Apply after tobacco has
reached the full flower stage or 7-10 days after application of the last contact material. Application of systemics
during periods of drought or when plants are wilted may result in poor sucker control. Applications made in the
morning are best after dew has dried. Make only 1 application unless rainfall occurs within 6 hours of application.
Wait at least 7 days before harvest.

Sucker Stuff EC
Fair 30 EC
Royal MH-30 XTRA

maleic hydrazide
(30.2% potassium salt)
2.25 Ib/gal

1.0 gal/A

12 hours

7 days

Remarks: Apply with 40 to 50 gal of water/A using 40 psi pressure and TX-18 nozzles or equivalent. (Royal MH-30
XTRA is labeled for coarse or fine spray. Coarse application would be as fatty alcohols are applied.) Apply after
tobacco has reached the full flowering stage or 7-10 days after application of the last contact material. Application of
systemics during periods of drought or when plants are wilted may result in poor sucker control. Applications made in
the morning are best after dew has dried. Make only 1 application unless rainfall occurs within 6 hours of application.
Wait at least 7 days after application before harvest.

Product Name Active Ingredient Use Rate | REI | PHI
Sucker Stuff 80 WS Maleic hydrazide
Royal MH-30 SG WS (79.6% potassium salt) 3.75 Ib/A 12 hours 7 days
Fair 80 SP WS 60%

Remarks: Apply with 40 to 50 gal of water/A using 40 psi pressure and TX-18 nozzles or equivalent. (Royal MH-30
SG is labeled for coarse or fine spray. Coarse spray would be as fatty alcohols are applied.) Apply after tobacco has
reached full flowering stage or 7-10 days after application of the last contact material. Application of systemics
during periods of drought or when plants are wilted may result in poor sucker control. Applications made in the
morning are best after dew has dried. Make only 1 application unless rainfall occurs within 6 hours of application.
Wait at least 7 days after application before harvest.

LOCAL SYSTEMICS

Product Name Active Ingredient Use Rate REI PHI
Prime” EC .
Flupro EC flumetralin 1.0 gal/A 24 hours 7 days
. 1.2 Ib/gal
Drexalin Plus
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LOCAL SYSTEMICS
(continued)

Remarks: Machine application: Mix with 49 gal water and apply 50 gal mixture/A. Use two TG-3 nozzles and a TG-5
nozzle in center at 20-25 psi pressure. Hand application: Using the previously mentioned solution apply 1/3 to 2/3
oz/plant using a hand-held drop line. Apply 5 days after application of contact material or at elongated button stage to
early flower. Suckers missed will continue to grow and should be removed by hand. Some phytotoxicity may occur
on small upper leaves. Stunting of small grain, corn, and tobacco may occur the next season. Avoid over-application.
Wait at least 7 days after application before harvest.

SEQUENTIAL
(local systemic followed by systemic)

Product Name Active Ingredient Use Rate REI PHI
Prime” and
maleic hydrazide
flumetralin (1.2 Ib/gal ) +
Flupro and maleic hydrazide 2.0 qt+ MH 24 hours | 7 days

maleic hydrazide (recommended rate)

(various formulations)

Drexalin Plus and
maleic hydrazide

Remarks: Mix Prime*, Flupro or Drexalin Plus with adequate water to make 50 gal of solution. Apply 50 gal of
mixture/A. Use two TG-3 nozzles with TG-5 nozzle in center at 20-25 psi pressure. Apply flumetralin 5 days after
first contact or at elongated button to early flower stage. Apply maleic hydrazide one week later according to
manufacturer’s directions. The use of flumetralin may result in some phototoxicity to small upper leaves. Also, avoid
over-application as stunting of rotational crops may occur in the following season. Wait at least 7 days after
application before harvest.

SEQUENTIAL
(late application contact)
Product Name Active Ingredient Use Rate REI PHI
Fair 85 EC .
Off-Shoot T EC 1 octanol ag%i I(:)e/czrllol mixture 2.5 gal/A 24 hours | 7 days
Sucker Plucker EC ' g

Remarks: Mix 2.5 gal contact with 47.5 gal water and apply as for contacts. Make application 3 to 4 weeks after MH
application if suckers are beginning to grow.

SEQUENTIAL
(late application of local systemic)
Product Name Active Ingredient Use Rate REI PHI
Prime* EC flumetralin
Flupro EC 1.2 Ib/gal 2.0 /A 24 hours | 7 days
Drexalin Plus

Remarks: Mix with adequate water to make 50 gal of solution. Then, apply 50 gal solution per acre. Use 2 TG-3
nozzles and one TG-5 nozzle in center at 20-25 psi pressure. Apply flumetralin 3-4 weeks after MH application if
suckers are beginning to grow. Wait at least 7 days after application before harvest.

COMBINATION

(contact + systemic type fatty alcohol)

Product Name Active Ingredient Use Rate REI PHI
n-decanol (38.3%) 3.12 Ib/gal +
Eﬁl—e:‘ SI’ESCEC maleic hydrazide 3.0 gallA 24 hours | 7 days
(11.1% potassium salt) 0.66 Ib/gal

Remarks: Mix with 47 gal water/A and apply at 20 psi pressure using two TG-3 nozzles and a TG-5 nozzle in center.
For best results, apply a contact-type chemical at the button stage and apply FST-7 or Leven 38 7-10 days later. Leaf
injury may occur if rate is exceeded. Wait at least 7 days after application before harvest.
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TANK MIX COMBINATION

Product Name Active Ingredient Use Rate REI PHI
Prime* and maleic hydrazide flumetralin (1.2 Ib/gal) + 20qt/A +
Flupro and maleic hydrazide maleic hydrazide maleic hydrazide 24 hours | 7 days
Drexalin Plus (various formulations) (recommended rate)

Remarks: Mix 2 gt of Prime +, Flupro, or Drexalin Plus with recommended rate of maleic hydrazide (follow
manufacturer’s recommendation) in sufficient water to make 50 gal of solution. Apply 50 gal of mixture/A. Apply as
a coarse spray using 2 TG-3 nozzles and 1 TG-5 nozzle in center. Apply after tobacco has reached full flower stage or
7-10 days after last contact. The use of flumetralin may result in some phytotoxicity to small upper leaves. Avoid
over application as stunting to rotational crops may occur the following season. Wait at least 7 days after application
before harvest.

HARVEST MANAGEMENT

Harvest Ripe Tobacco

Ripe tobacco with medium-heavy body and an orange color is preferred by most buyers. Tobacco must
be mature before it can ripen. Ripening is a naturally occurring process and should not be confused with
the use of coloring agents.

Nitrogen affects the ripening process more than any other factor. Ripeness does not take place until soil
nitrogen has been depleted. Late or excessive applications of nitrogen will delay this process. Dry
weather may delay the depletion process of nitrogen, resulting in delayed maturity. Growers have
allowed tobacco to stay in the field longer in recent years, thus allowing the natural ripening process to
take place.

EFFECTS OF THE NUMBER OF HARVESTS ON YIELD AND QUALITY
OF FLUE-CURED TOBACCO - PEE DEE REC - 1996-97

NUMBER YIELD Q.1 PRICE VALUE
OF HARVEST (Ib/A) ($/Ib) ($/A)
1 2853b 69a 183a 5220b

2 3183ab 62b 179b 5698ab

3 3162ab 63b 179 5662ab
4 3311a 66ab 180b 5960a

Results of a study conducted at Pee Dee REC indicate yield and value per acre significantly increase as
the number of harvests increases. However, price per pound and quality index are higher with reduced
harvest. This indicates that greater quantities of tobacco are pooled together and thus receive a B grade at
the expense of P, X and C grades. The lower dollar per acre should illustrate to producers the ill effects
of mixing stalk positions.
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Tobacco should be harvested in three or more stalk positions, as this allows buying companies to select
tobacco from various stalk positions to make their blends.

In 2006, it was found that 92% of the tobacco was harvested three times or more versus 64% in 2000.
Marketing contracts are requiring 3 or more harvests of all tobacco produced under contract.

Drop Eight Leaves

Other harvest management studies in South Carolina conducted in 2005-2006 found that dropping 8
bottom leaves at topping resulted in approximately a 500 Ib yield reduction (2714 Ibs versus 2217 Ibs).
Research at NC State University has shown similar results. NC State research has also indicated prices
received for those remaining leaves are not adequate to compensate for the yield loss. Clemson research
in 2005-2006 found dropping 4 leaves resulted in a yield loss of about 170 lIbs (2714 Ibs versus 2546 Ibs).
This research is consistent with other studies on dropping lower stalk leaves.

“Tip” Production

Studies to evaluate systems to enhance “tip” production are not definitive. Preliminary studies have
shown that plant density, nitrogen rate, topping and even variety may influence “tip” production. Limited
data from Clemson University and NC State University illustrate that more mature (riper) tobacco tends
to receive “tip” grades.

CHEMICAL COLORING AGENTS

Materials available to aid in coloring tobacco include ETHY-GEN, ethylene cylinders and ethephon. It is
estimated that much of the tobacco acreage was treated with ethephon in the field, while others used
ETHY-GEN or ethylene cylinder in the barn. Ethylene is injected directly into the barn with the ethylene
cylinder; results have been inconsistent.

Coloring agents will not solve problems such as over-fertilization and late-maturing tobacco. One
consistent advantage with ethephon is shortened yellowing time, thus quicker barn turnaround.

COLORING AGENTS AVAILABLE

CHEMICAL RATE REMARKS

* Ethephon 6.0 Ib/gal | 1.33-2.67 pt/A |Use when remaining leaves are physiologically mature. Test
treat a few plants ahead to determine if chemical will cause

(Prep EC, Super Boll yellowing. Mix in 40-60 gal water/A and apply at 40-60 psi
EC. Mature XL EC pressure so that all leaves are covered. Harvest can begin in 24
,Ethephon 6) ’ hours. However, the REI is 48 hours; workers entering the

field(s) should adhere to PPE. Delay in harvesting could result in
loss of yield and quality and may cause leaf drop. Treat only the
amount that is planned for harvest at the time.

*Intended for commercial use only
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ROOT AND STALK DESTRUCTION

Early destruction of roots and stalks is essential to aid in control of nine major pests of tobacco:
budworms, hornworms, flea beetles, nematodes, brown spot, mosaic, PVY, grasses, and weeds. Early
destruction of stalks and roots prohibits these pests from further buildup to plague next year's crop. A
thorough job of destruction immediately after final harvest helps old crop residue to decay much quicker
while the temperature is higher and the stalks are succulent.

The following steps are essential:

1. CUT STALKS. A rotary mower is best since it will cut and shred the stalks into smaller pieces.
A heavy disc will suffice, but a thorough job means more than just leaning stalks over.

2. DISLODGE THE ROOT SYSTEM. If not killed, the root system will continue to grow.
Suckers will develop, and nematodes will continue to multiply. Plow out or disc the roots to
expose them to the hot, drying sun. If done properly, a heavy disc may be sufficient for steps one
and two.

3. BURY ALL CROP RESIDUES. About 2-3 weeks after step 2, a second disking will help kill
any remaining live roots and cover the old crop residue with soil for thorough decomposition.

For the stalk and root destruction program to be most effective, all tobacco fields in the neighborhood
must be properly disked. Growers should remind neighbors of standing stalks.
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TOBACCO DISEASE MANAGEMENT

Paul D. Peterson

Tobacco diseases accounted for an estimated loss of $10 million from 2010-2013 to South Carolina
farmers (see chart below)! Disease losses were low in 2014 due to improved host resistance and better
crop management by producers; however, significant yield losses still occurred due to bacterial wilt and
black shank in some isolated fields. Bacterial wilt continues to be our major disease in South Carolina.
The widespread losses and disease patterns within affected fields strongly suggest the bacterium is being
moved during mechanical topping and/or leaf removal. Abundant rainfall in some areas and low
temperatures throughout the season provided a less favorable environment for black shank in 2014.
However, this disease has the potential for severe losses in some fields if not adequately managed.

The introduction of newer varieties with immunity to the common race of black shank (race 0) has
reduced losses to this disease in past years. However, a new race of the pathogen has emerged (race 1)
which can develop on these new varieties and has resulted in a resurgence of black shank in some areas.
Farmers should assume that race 1 of the fungus occurs on their farm. Consult the variety table for
varieties that contain resistance to races 1 of black shank and consider the use of a soil-applied fungicide
such as Ridomil Gold or the new fungicide, Presidio, if a history of black shank is present on your farm.
Crop rotation is still an effective method of reducing black shank. Longer rotations may explain the
lower levels of black shank observed within South Carolina. For additional control information consult
the black shank management section.

New regulations have been implemented for the use of multi-purpose fumigants containing
chloropicrin. Fumigants containing chloropicrin will have revised labels and will require a fumigant
management plan for each field that is fumigated with a material containing chloropicrin. In addition
applicators will be required to complete on line training at http://www.epa.gov/fumiganttraining. At the
present, fumigants containing 1,3 Dichloropropene are not required to have a fumigant management plan.
Fumigation regulations will be discussed at the regular county tobacco production meetings to assist
producers in complying with new label requirements.

TOBACCO DISEASE LOSSES 2010 — 2013

2010 2011 2012 2013

DISEASE 0 T s000) | % | $000) | % | $000) | % | $(000)
Bacterial Wilt 1.5 886 1.9 760 1.6 688 1.1 482
Black Shank 0.18 103 0.3 120 0.3 129 0.2 90
Nematodes 0.6 325 0.04 16 0.4 172 0.3 120
Mosaic 0 0 0 0 0 0 0 0
Fusarium Wilt | 0.03 18 0.02 8 .03 13 0 9
Brown Spot 0 0 0 0 0 0 0 0
PVY 0 0 0 0 0 0 0 0
Etch 0 0 0 0 0 0 0 0
Blue Mold 0 0 0 0 0 0 0 0
TSW 0.11 63 0.13 52 10 43 10 30
Target Spot 0.01 6 0.01 4 .01 4 .01 4
All Others .01 6 0 0 0 0 0 0

TOTALS 2.66 1407 2.4 960 2.44 1049 1.7 734
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Endemic diseases such as black shank, bacterial wilt and root-knot nematodes always cause significant
disease losses in South Carolina (2010-2013). These important and potentially devastating diseases of
tobacco can best be managed through a combination of control methods. It is urged that growers
identify disease problems in their fields and follow disease management suggestions based on rotation,
variety selection, sanitation and chemical treatments. A sound disease management strategy cannot
be developed without the proper identification of the disease problems in your fields. Disease
development is a dynamic process, and can change over time. A low disease loss in your fields in the
recent past does not assure disease losses will remain low! New varieties with high resistance to black
shank need to be monitored for the development of new strains of the pathogen. Your disease control
program should be based on the assumption that changes in pathogen populations and disease pressures
will occur. Changes in the tobacco program have made crop productivity and leaf quality essential for
economic success. Good disease control will be the cornerstone of a successful farm operation.

Incidence of Disease (%o of acres affected within a crop season)

Disease 2010 2011 2012 2013
Bacterial wilt 42 49 48 34
Black Shank 19 15 16 11
Nematodes 72 70 70 49
Mosaic 0 0 0 0
Fusarium Wilt 7 4 3 2
Etch 0 0 0 0
PVY 0 0 0 0
Blue Mold 0 0 0 0
Target Spot 5 4 4 3
Tomato Spotted Wilt 19 16 16 11

DISEASE MANAGEMENT STRATEGY

Disease losses affect tobacco yields, quality and profitability. Disease control options can be expensive
to use and costly especially if the wrong control option is chosen. Great care needs to be exercised to
assure a return on your control investment.

Rotation: The best defense against most diseases and the least expensive is a good, well-planned
rotation. However, the diseases must be correctly identified within particular fields to develop a sound
rotation plan. Any rotation is better than no rotation, but certain crops will do a better job of suppressing
certain diseases. While some growers take a chance and do not rotate, sooner or later they will get caught
with unexpected losses. Some diseases, such as bacterial wilt or black shank, may destroy entire fields!
Also, some diseases such as mosaic and nematodes may be causing more damage than realized through
observation because the plant may not completely die. Losses to these diseases are easily masked in a
year in which rainfall was plentiful. Although difficult to see, these losses substantially reduce farm
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income! Losses to the three major diseases in South Carolina, that consistently reduce yields from year
to year, can be reduced through a planned rotation program. Study the results of on-farm rotation studies
for particular diseases in the following pages.

Host Resistance: Selection of resistant varieties provides a highly effective and inexpensive method of
reducing losses to disease. Varieties differ in resistance to black shank, bacterial wilt, tobacco mosaic,
Fusarium wilt and root-knot nematodes, so any one variety will not be the best choice in all fields. Study
the disease ratings (see tobacco variety test under the Tobacco Production Section) and agronomic
characteristics of varieties and select varieties resistant to disease causing organisms found in your fields.
Proper identification and record of disease pressure is the key to successful variety selection. Study
the results of on-farm variety trials for diseases found on your farm.

Chemical Treatments: Selection of chemical treatments should be your LAST CONSIDERATION in
a disease control strategy. Rotation, variety selection and proper sanitation reduce populations of
pathogenic organisms to levels that can be controlled by chemical applications. Choose your chemicals to
match the disease pressure in your fields. Study the results of on-farm chemical studies for particular
diseases in the following pages.

Record keeping: Soil borne pathogens are impossible to remove from a field with applied chemicals or
cultural controls. A detailed record of disease incidence and severity is a valuable management tool.
Survey tobacco fields for disease pressure and record incidence and severity of disease. Endemic soil
borne diseases primarily affect below ground portions of the plant. An excellent management tool is to
access the health of your crop’s root system at the end of the season. Tobacco roots at the end of the
season should remain white with little root necrosis. Remove roots from soil with a fork and access the
root system for necrosis. Sample your fields in a zigzag pattern and record the incidence, severity and
location of damaged root systems. Proper disease identification is essential. 1f you are unsure of the
disease identification consult your county Extension Agent.

BACTERIAL WILT

Bacterial wilt is the most serious of the soil borne diseases of tobacco in South Carolina. It is very
difficult to manage. The disease is concentrated in the eastern-most counties in the Pee Dee Region, but
is present and increasing in severity in other important tobacco-producing counties.

Symptoms of bacterial wilt appear first as a wilt of leaves on one side of the plant. Eventually, the entire
plant wilts, and infected plants usually die. Stalks appear dark brown or black at the ground level and
look very much like black shank. However, bacterial wilt-infected plants have black streaks in the tissue
just under the outer bark. Portions of lower stalk tissue will ooze milky strands of bacteria when placed
in a clear container of water.

Bacterial wilt is a disease that is caused by a bacterium (Ralstonia solanacearum), which lives in the

soil. These bacteria cause disease when they infect the roots through wounds. Any type of root
wounding provides an entry point for infection. Therefore, shallow cultivation will help to
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avoid wounding roots, which provide points for infection. Natural wounds occur in the root system as a
result of root growth through the soil; therefore, a certain amount of natural infection can take place, if
the bacterial population is high enough in the soil around the root system.

The bacterium that causes bacterial wilt also infects a number of other crop plants, such as tomatoes,
potatoes, peppers, eggplant and peanuts. Ragweed is a very common weed that is a host for the
bacterium. Therefore, it is very important to recognize and control this weed thoroughly in areas planned
for tobacco. The bacteria are very persistent in soil, and long rotations (three years or longer) may be
necessary in some fields to assist in managing the disease. Rotation is imperative for management.
Multipurpose chemicals (Telone C-17 and Chlor-O-Pic) also assist in control. Several new varieties with
moderate to high resistance are available, which also assist in control. New and older varieties with
moderate to fairly high resistance include: CC27, CC33, CC37, CC143, CC67, CC901, CC1063, CU124,
GL368, K346, NC92, NC299, NC471, PVH1452, PVH2275, SPT168, SPT220, SPT225, SPT227, and
SPT236 (see tobacco variety test). Bacterial wilt MUST be managed by a combination of rotation,
variety selection, and possible use of multipurpose chemicals. Other helpful practices include root and
stalk destruction, enhanced soil drainage (utilize a high wide bed) and early shallow cultivation to avoid
root wounding. Itis also VERY IMPORTANT to avoid spread of bacterial wilt by movement of infested
soil on farm equipment or by other means. The following tables show results of on-farm tests utilizing
rotation, varieties and multipurpose chemicals for control of bacterial wilt.

EFFECT OF ROTATION ON BACTERIAL WILT

VARIETY ROTATION % WILTED PLANTS
Tob-Tob 36
K 326 Corn-Tob 20
Soybean-Tob 25
Tob-Tob 19
K 149 Corn-Tob 10
Soybean-Tob 6

Multipurpose fumigants require a waiting period of up to 3 weeks. Spring rains can frequently interfere
with the application of multi-purpose fumigants. Late fall or early spring fumigation provides the
producer with a greater period of time to apply fumigants and reduces the risk of crop injury. However,
weed growth can occur on a formed bed with a standard in-row application applied in late fall or early
spring. In addition, application of herbicides and soil-applied insecticides to a formed bed is difficult.
Broadcast application of multipurpose fumigants allows the producer to apply soil applied insecticides
and herbicides, following the waiting period, as a commonly applied preplant broadcast incorporated
treatment. The following table is a comparison of in-row and broadcast application of a multipurpose
fumigant for control of bacterial wilt.
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EFFECT OF VARIETIES AND NEMATICIDES ON BACTERIAL WILT

VARIETY NEMATICIDE YIELD (LB/A) $/A e PDllil;:\?rSSED
Nemacur (2 gpa) 2,000 3,240 16
K-346 Telone C17 (10.5 gpa) 2,246 3,639 16
C-O-P (3 gpa) 1,832 2,968 14
Nemacur (2 gpa) 2,144 3,473 15
K-149 Telone C17 (10.5 gpa) 2,304 3,732 11
C-O-P (3 gpa) 2,472 4,005 12
Nemacur (2 gpa) 1,768 2,864 29
K-326 Telone C17 (10.5 gpa) 2,088 3,383 32
C-O-P (3 gpa) 2,269 3,676 29
Nemacur (2 gpa) 1,898 3,074 21
Avf/r:ggt?;ross Telone C17 (10.5 gpa) 2,237 3,624 18
C-O-P (3 gpa) 2,191 3,550 18

BROADCAST AND IN-ROW FUMIGATION FOR BACTERIAL WILT CONTROL

TREATMENT YIELD (LB/A) $IA

K326 K149 K326 K149

Broadcast
10 gpa Telone C 17 1,518 1,824 2460 2955
12 gpa Telone C 17 1,878 1986 3042 3217
14 gpa Telone C 17 1,878 1962 3042 3178
16 gpa Telone C 17 1,854 2058 3003 3334
20 gpa Telone C 17 2,160 2202 3499 3567

In-row

10.5 gpa Telone C 17 1,374 1734 2225 2809
No Treatment 930 1182 1506 1915

Averages of four trials conducted at the Pee Dee REC
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Mechanical Spread of Bacterial Wilt

It is generally believed that infection of tobacco in the field occurs through the root system. The rapid
spread of bacterial wilt within South Carolina suggests that the organism is being spread in a more rapid
and efficient manner that would be expected solely by the movement of soil on equipment. County agents
in South Carolina have observed an increase of hollow stalk. Hollow stalk is a disease normally caused
by an Erwinia soft rot bacterium. The use of new diagnostic procedures at Clemson University have
allowed us to identify bacteria to species and many of the cases of hollow stalk have been identified as
Ralstonia solanacearum, the causal organism of bacterial wilt of tobacco. If inoculated onto a cut
tobacco stalk, Ralstonia solanacearum will invade the plant and produce symptoms very similar to
hollow stalk disease.

Field trials conducted at the Pee Dee REC and on farm have shown that the bacterium can be spread very
easily during mechanical topping and harvesting. If the topper was driven through infected tobacco the
mechanical topper transmitted the pathogen easily to healthy tobacco. A 3-4 week delay was observed
before symptoms appeared. The only effective method of removing the bacterium from the cutter
blades was steam or a 50% Clorox solution. Further work is underway to define the role of mechanical
topping, harvesting and stalk destruction on disease spread and to develop sanitation procedures to limit
the spread of this devastating pathogen on machinery (see tables below).

SPREAD OF BACTERIAL WILT ON MECHANICAL TOPPERS

PERCENT DISEASE
TREATMENT K 326 K 346
Trial 1 Trial 2 Trial 1 Trial 2
Hand topped 54 14 24 6
Machine topped 83 25 67 14

Mechanical topping was conducted on-farm by producer with no intentional contamination of the mechanical topper. Test
conducted in Horry Co.

MODIFIED TOPPER BLADE DESIGNED TO REDUCE THE MECHANICAL
TRANSMISSION OF BACTERIAL WILT.

Modified topper Bacterial Wilt Stem Necrosis
Treatment
blade K 326 K 346
Control - 5 4.4
Clorox 50% strength + 1.6 1.2
Clorox 100% strength + 1.1 0.2
Hand topped - 1.5 0.3

Necrosis rated on a 0 to 5 scale where: 5 = 100% dead
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SPREAD OF BACTERIAL WILT ON HARVESTING EQUIPMENT

TREATMENT % DISEASE STEM NECROSIS*

Hand harvested 48 4.6
Machine-mild stem bruising 65 7.8
Machine-severe stem bruising 83 7.0

*Necrosis rated on a 0-10 scale (Pee Dee REC)

SPREAD OF BACTERIAL WILT ON HARVESTING EQUIPMENT

TREATMENT % DISEASE
Hand harvested 2
Machine 78

(Pee Dee REC)

The bacterium that causes bacterial wilt (Ralstonia solanacearum) was recovered on 60% of the

mechanical harvesters surveyed in Horry County!

BEST MANAGEMENT SYSTEM FOR CONTROL OF BACTERIAL WILT

The following points should be considered to help control mechanical transmission of bacterial

wilt:

1. Crop rotation to include soybeans.

2. Use of host resistance.

3. Multipurpose soil fumigation.

4. Hand topping or prioritize order of topping, and harvesting (healthy tobacco first). Consider use
of the redesigned topper blade, redesigned toppers will be available in 2012 (see table above).

5. Eliminate or reduce stalk wounding at harvest. Keep harvesters clean and properly adjusted to
avoid stem injury and operate mechanical harvesters at the proper speed.

6. Use Roundup to kill stalks or immediate stalk destruction following last harvest.

7. Maintain proper drainage in field.

8. Use of a winter cover crop.
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USE OF BEST MANAGEMENT TO REDUCE BACTERIAL WILT OF TOBACCO

Yield Yield
. i . tobacco following a

- (0)

Management | C-17 | Variety | % Disease Yield following soybean
tobacco rotation

Standard - | k32 68 966 1126 2106
Management
Standard + | K326 21 1647 1432 2408
Management
Standard
Management - Ox 207 26 1777 1618 2472
Standard
Management + Ox 207 5 2377 1751 3118
Best
Management - K 326 38 1841 918 2554
Best
Management + K 326 6 2473 1482 3710
Best

- Ox 207 10 2487 1288 2818
Management
Best

+ Ox 207 2 2640 2276 3801
Management

Standard Management = mechanical topping and leaf removal
Best Management = hand topping and reduced stem abrasion at harvest

BLACK SHANK

Black shank can cause significant losses in South Carolina tobacco. Black shank is caused by a fungus
(Phytophthora parasitica var. nicotianae), which lives in the soil and attacks the plant primarily through
the roots. Wounds are not required for infection by the black shank fungus. High soil moisture favors
root colonization by the black shank fungus, although effects of early season infections become most
apparent when soil moisture becomes limited. Sustaining high disease losses from black shank is tragic,
because we know that rotation is very effective in reducing levels of the fungus in the soil. Any rotation is
effective to some degree, because tobacco is the only host of the black shank fungus. The longer the
rotation, the more effective the control. Therefore, rotation is the backbone of a successful control
strategy, which also should utilize resistant varieties, chemicals and cultural practices.
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BLACK SHANK CONTROL OPTIONS

FIELD VARIETAL
INFESTATION | ROTATION | RESISTANCE CHEMICAL CONTROL
LEVEL OPTIONS
1) 4year Moderate to high | Nematicide
High . . .
2) 3year High only Multipurpose or Fungicide +
(More than 6% Nematicide
disease)
3) 2year High only Fungicide + Nematicide
1) 3year Low to High Nematicide
Moderate 2) 2year High only Multipurpose or Fungicide +
(1% - 6% .
; Nematicide
disease)
3) None* High only Fungicide + Nematicide
Low 1) 2vyear Low to high Nematicide
(Less than 2) None* High only Multipurpose or Fungicide +
1% disease) Nematicide

* Currently labeled fungicides for black shank control are Ridomil Gold and Presidio

**NOTE: Continuous culture (tobacco following tobacco) is not recommended. However, if this
cropping system is chosen, use only varieties with high resistance and a black shank control chemical. Do
NOT consider continuous culture if the infestation level is greater than 6% of the plants having black
shank. Continuous use of new varieties with high resistance and the ph gene without crop rotation may
lead to the development of new strains of the pathogen reducing the effectiveness of the newer resistant
cultivars. Almost all fields have been observed with race 1 of black shank, which causes disease on
NC 71 and NC 72. In addition, continuous use of new varieties with high resistance to black shank (such
as NC 71) without crop rotation may lead to losses from other diseases such as Fusarium wilt (see disease
resistance ratings). Tobacco following tobacco is not recommended regardless of the level of
resistance in the newer tobacco varieties! Ridomil Gold can be used at layby at the rate of 0.5 OR one
pt/A if no more than one pint was applied preplant. Ridomil Gold can be applied up to 1.5 qt/A if applied
1 pt preplant plus 0.5-1 pt/A at first cultivation followed by 0.5-1 pt/A at layby. A new fungicide, Presidio,
has been labelled for use on tobacco in 2015. Please see table below proper for application methods.
Varieties with very high to high resistance to race 1 of black shank include: CC33, CC67, CC143, CC901,
CC1063, CU124, CU144, GF318, GL368, GL395, K346, NC196, NC471, NC925, PVH1118, PVH1452,
SPT168, SPT220, SPT225, SPT227 and SPT236. (See tobacco variety trial and disease resistance ratings).
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STUDY THE FOLLOWING GUIDELINES AND RESULTS OF ON-FARM TEST
FOR MANAGEMENT OF BLACK SHANK

RIDOMIL GOLD FOR BLACK SHANK CONTROL

ROTATION RIDOMIL GOLD EC APPLICATION REI

1 gt/A preplant broadcast OR 1 pt/A preplant broadcast 48 hr

+
1 pt/A layby*
None

(Continuous tobacco is OR 1 pt/A preplant
NOT recommended) ot
1 pt/A first cultivation
+

1 pt/A layby*

2 year 1.5 pt /A preplant broadcast OR 1 pt/A preplant broadcast 48 hr
(Tobacco in + .
alternate years) 0.5 pt /A layby
3 year or more 1 pt /A preplant OR 1 pt/A preplant broadcast 48 hr
(Tobacco every third +
year or more) 0.5 pt/A layby*

*Apply Ridomil at layby cultivation using two drop nozzles per row directed to sides of bed.
*REI = reentry interval

NOTE: Do NOT rely on Ridomil or multipurpose chemicals alone to control black shank. Rotation and
varieties with strong resistance to black shank should be used in addition to chemical controls.

Ridomil Gold SL can be applied in the transplant water for the first application during the season. A 0.5
pt/A application in the transplant water can be substituted for the 1pt preplant broadcast application listed
above. See application information below and consult the 24-C label to prevent potential crop injury.

RIDOMIL GOLD IN TRANSPLANT WATER FOR CONTROL OF BLACK SHANK

Application site RIDOMIL GOLD SL APPLICATION
Transplant water Apply in transplant furrow while planting tobacco seedlings. Apply 48 hr.
24-C label in 4-8 0z/A (0.25-0.5 pt/A) in at least 100-200 gallons of transplant

water per acre. Do not apply in less than 100 gal. of water.
Additional soil applications may be needed if disease pressure is high.
Consult label for potential of crop injury and application directions! 24-
C Label should be in your possession at the time of application.
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PRESIDIO FOR THE CONTROL OF BLACK SHANK IN SOUTH CAROLINA

Application Rates Minimum
Time from
Last - .
GPA . Specific Use Instructions
fl 0z/A Spray Application b
Mixture to Harvest
(PHI)
4 Ground: N/A For resistance management, do not make
(0.125 Minimum sequential  applications of Presidio
Ib ai/A) 20 Fungicide; alternate with a fungicide which

has a different mode of action (different
FRAC group) against the target pathogen.

No more than 2 soil applications of
Presidio Fungicide can be made per
season.

Minimum treatment interval 14 days.

At-planting program

For control of Dblack shank, apply
preventively in transplant water (setter
water) at planting. An additional
application of Presidio Fungicide can be
made as late as layby (last cultivation), if a
fungicide with a different mode of action
was used in the interim. When treating
after transplanting, direct nozzles to cover
soil beneath lower leaves; incorporate
immediately with cultivator.

or

Post-transplant program

If a fungicide with a different mode of
action is used at or immediately after
transplanting, one application of Presidio
Fungicide can be made at either first
cultivation or layby (last cultivation). Direct
nozzles to cover soil beneath lower leaves;
incorporate immediately with cultivator.

*For best control of black shank with Presidio Fungicide, use with tobacco varieties that have
moderate-to-high resistance to the black shank pathogen. Consult your local Cooperative Extension
Service office or university specialist for information on variety selection.
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EFFECT OF VARIETY AND RIDOMIL GOLD ON BLACK SHANK CONTROL

YIELD YIELD % DISEASE | 9% DISEASE
WISRUSIRG | EalEhllesE | qrepon g TRIAL 2 TRIAL 1 TRIAL 2
Control 415 2180 88 96
K 326
Ridomil G 2229 1972 13 46
Control 1833 2441 41 25
K 346
Ridomil G 2244 2565 3 22
Control 2275 2976 3 3
Sp 168
Ridomil G 2162 3076 2 8

Location:Florence, and Williamsburg County
Ridomil G application = 1 pt/A preplant followed by 1 pt/A at layby

Note - Field contained only Race 0

EFFECT OF ROTATION ON BLACK SHANK

ROTATION NO ROTATION
TREATMENT (Tob-Corn-Corn-Tob) (Tob-Tob-Tob-Tob)
Ib/A % Diseased Ib/A % Diseased
No fungicide 2,626 9 1,118 43
Ridomil 2E 1 gal/A 2,678 1 2,301 10

MULTI-PURPOSE CHEMICALS FOR BLACK SHANK, BACTERIAL WILT AND

NEMATODE CONTROL.
MATERIAL RATE/A REMARKS REI
CAUTION:
3-week waiting
Telone C17 10.5 gal period between 5 days

Application and
Transplanting.

48 hr and gas conc. less

Chlor-O-Pic 3.0 gal Same as above. than 0.1 ppm

Remarks: Multi-purpose fumigants require waiting periods of up to 3 weeks before tobacco can be safely
transplanted into fumigated soils. Good disease control by fumigation is possible whenever soil moisture and soil
temperature conditions (55° F at 6 inches is best) are favorable. Cold, wet soils will not allow fumigants to work to
the best of their capability. In-row multipurpose fumigation can be applied during the subsoiling operation.
Placement of fumigant below the clay subsoil should be avoided. Soil moisture should not be excessive at the
point of injection or poor control will be achieved.
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EFFECT OF MULTI-PURPOSE CHEMICALS AND RIDOMIL GOLD
ON BLACK SHANK

. Ridomil G Application Timing K 326
el PP PTP Layby Percent Disease
Telone 11 6 gal/A In-row 100
Telone C17 10.5 gal/A In-row 100
Telone 11 6 gal/A In-row 2pt 57
Telone C17 10.5 gal/A In-row 2pt 62
Telone 11 6 gal/A In-row 1 pt 1pt 31
Telone C17 10.5 gal/A In-row 1 pt 1pt 52
Telone 11 6 gal/A In-row 1pt 1pt 11
Telone C17 10.5 gal/A In-row 1 pt 1pt 13

PPI = preplant incorporated - 2 weeks prior to transplanting
PTP =applied to bed and incorporated immediately prior to transplanting
Layby = Ridomil at layby cultivation using two drop nozzles per row directed to sides of bed.

NEMATODES

Damage caused by nematodes are difficult to estimate because damage to roots may not be
apparent in above ground symptoms, yet significant reductions in yields can occur with moderate
levels of nematodes. Nematodes may increase the incidence of other diseases such as black
shank, bacterial wilt and Fusarium wilt. The reduced use of fumigants during wet springs always
results in dramatic increases in nematode damage and demonstrates the importance of soil
fumigation!

The most important nematodes on tobacco are the root-knot nematodes. The most prevalent is
the southern root-knot nematode, Meloidogyne incognita.  However, another species (M.
arenaria) also infests some fields. Meloidogyne arenaria (sometimes called peanut root-knot)
is important because it is very damaging to tobacco and there is presently no resistance to this
pest. Varieties that are resistant to the southern root-knot (M. incognita) are not resistant to M.
arenaria. However, rotation is effective for both root-knot species and again should provide the
basis for management of nematodes. If you notice gall development on root-knot resistant
varieties, you should have the nematode identified. Your Extension agent can assist you with the
details for this determination. Surveys indicate nearly 1/3 of sampled tobacco fields contain
populations of root-knot nematodes (such as the peanut root-knot nematode) that will produce
galls on resistant cultivars.

Nematicides may also be effective in reducing nematode numbers in soil. It is best to base the

control strategy on rotation, with use of resistant varieties when appropriate and nematicide
treatments to supplement the rotation strategy. If rotation cannot be practiced, or only short
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rotations (1 year) are utilized, the use of nematicides and resistance becomes essential.
Combining rotation, resistant varieties, and nematicides or fumigants is the best control practice.

The following table illustrates the effect of rotation on root-knot nematodes. The test was
conducted to demonstrate the effect of rotation on relative populations of M. incognita and the
more damaging M. arenaria nematodes in a field initially infested with 50% M. incognita and
50% M. arenaria. Note that cotton and corn favor shifts to the less virulent M. incognita, which
can be managed with resistance and chemicals.

EFFECT OF ROTATION ON ROOT-KNOT NEMATODES

NEMATODE SPECIES YIELD Ib/A
ROTATION % % NO TELONE
M. ARENARIA | M. INCOGNITA | NEMATICIDE I

Tob-Tob-Tob-Tob 71 29 1,197 2,738
Fallow-Tob-Fallow-Tob 80 20 2,738 2,995
Cotton-Tob-Cotton-Tob 16 84 1,882 2,995
Corn-Tob-Corn-Tob 22 78 2,139 3,251
Soybean-Tob-Soybean-Tob 95 5 941 2,995

Fumigant nematicides require waiting periods of up to 3 weeks before tobacco can be safely
transplanted into fumigated soils. Interest has been expressed in fall fumigation as another
option for growers. On-farm tests indicate that this is a viable option for producers. The
following table represents a comparison of fall vs. spring fumigation with several materials for
root-knot control. Growers should be aware that weeds may build up in fall-fumigated beds.
Weeds would have to be managed by cultivation, which could recontaminate beds with
nematodes. However, results by Clemson researchers indicate that good nematode control by
fumigation is possible whenever soil moisture and soil temperature conditions (55° F at 6 inches
is best) are favorable. Cold, wet soils will not allow fumigants to work to the best of their
capability. In-row fumigant nematicides should be applied during the subsoiling operation.
Placement of fumigant nematicides below the clay subsoil should be avoided. Soil moisture
should not be excessive at the point of injection or poor control will be achieved.
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FALL VS. SPRING FUMIGATION FOR ROOT-KNOT

TREATMENTS YIELD (Ib/A) $/A GALL INDEX"
Fall
C-O-P (3 gal/A) 2,994 4,723 1.37
Telone 11 (6 gal/A) 2,857 4,766 1.60
Average 2,925 4,745 1.5
Spring
C-O-P (3 gal/A) 2,963 4,389 3.63
Telone 11 (6 gal/A) 2,676 4,305 1.03
Average 2,829 4,347 2.3
Spring
Check + Diazinon 2,197 3,875 9.47

*Gall index on a scale of 1 to 10 with 1 representing roots with 0 galls and 10 representing roots 100% galled.

BROADCAST FUMIGATION TO CONTROL ROOT KNOT WITH POST FUMIGANT
CULTIVATION TO SEAL THE CHISEL TRACE

INCORPORATION
PRODUCT AI\IIDII:\)/ILEI_CIEQQS FOLLOWING YIELD GESSI-II\-IG
FUMIGATION
Telone Il (8 gal/A) Brd Chisel Plow | none 2640 0
Telone Il (12 gal/A) Brd Chisel Plow | none 2437 0.1
Telone C17 (12 gpa) Brd Chisel Plow | none 2384 0.1
Telone C17 (16 gpa) Brd Chisel Plow | none 2714 0
Telone Il (8 gal/A) Brd Chisel Plow | Drag on chisel plow 2762 0.1
Telone Il (12 gal/A) Brd Chisel Plow | Drag on chisel plow 2602 0
Telone C17 (12 gpa) Brd Chisel Plow | Drag on chisel plow 2709 0.5
Telone C17 (16 gpa) Brd Chisel Plow | Drag on chisel plow 2768 0
Telone Il (8 gal/A) Brd Chisel Plow | Field cultivator 2330 0.2
Telone Il (12 gal/A) Brd Chisel Plow | Field cultivator 2432 0.1
Telone C17 (12 gpa) Brd Chisel Plow | Field cultivator 2874 0.2
Telone C17 (16 gpa) Brd Chisel Plow | Field cultivator 2976 0
Telone Il (6 gal/A) In-row 2597 0.3
Telone C17 (10.5 gpa) | In-row 2666 0.5
Control 1669 34

Georgetown County, 2001
Brd = broadcast application with a chisel plow
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PLACEMENT DEPTH OF IN-ROW FUMIGANT NEMATICIDES.

PRODUCT PLACEMENT YIELD Ib/A
Telone Il (6 gal/A) Bottom of subsoiler (16 inches deep) 2768
Telone Il (6 gal/A) | Middle of subsoiler (10 inches below level soil line) 2720

C-O-P (3 gallA) Bottom of subsoiler (16 inches deep) 2720
C-O-P (3 gallA) Middle of subsoiler (10 inches below level soil line) 2672
Untreated control 1488

Location: Georgetown County
Sandy loam soil heavily infested with root-knot nematodes.

TOBACCO NEMATICIDES

ROOT KNOT CONTROL
NEMATICIDE RATE/A Southern Peanut REMARKS*
(M. incognita) (M. arenaria)
FUMIGANTS:
FR
Telone 1l 6 gal Excellent Excellent
REI =5 days
FB
Telone 1l 8 gal Excellent Excellent
REI =5 days

MULTIPURPOSE CHEMICALS:**

FR
Telone C17 10.5 gal Excellent Excellent
REI =5 days
FB
Telone C17 12 gal Excellent Excellent
REI =5 days
Chlor-O-Pic 3 gal Very Good® FR
9 Excellent y 1 REI =48 hr and gas
Very Good
conc. less than 0.1
ppm
NONFUMIGANTS:
B&I
**k*k
Mocap 15 G 40 1b Good REI = 48 hr

Remarks: * FR - Fumigant row; FB — Fumigant broadcast — place application chisels on 12 in centers; B & I -
Broadcast and incorporate.

** Multipurpose chemicals have effectiveness for nematodes, and Bacterial wilt.

*** Not registered for this nematode species.

! Although some root galling may occur at the end of the growing season, yield responses are similar among the
multipurpose fumigants. REI = reentry interval.
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Broadcast application of fumigant nematicides allows the producer to apply soil applied
insecticides and herbicides, following the waiting period, as a commonly applied preplant
broadcast incorporated treatment. The following table is a comparison of in-row and broadcast
application of fumigant nematicides for control of nematodes.

BROADCAST FUMIGATION FOR CONTROL OF ROOT-KNOT NEMATODES

PRODUCT PLACEMENT YIELD Ib/A
Telone C17 10 gal/A Chisel Plow 3100
Telone C17 14 gal/A Chisel Plow 3095
Telone C17 16 gal/A Chisel Plow 2895
Telone C17 10.5 gal/A In-row 3267
Telone Il 6 gal/A Chisel Plow 2480
Telone Il 8 gal/A Chisel Plow 2943
Telone Il 10 gal/A Chisel Plow 2938
Telone Il 6 gal/A In-row 3086
Untreated control 2337

Trial conducted at the Pee Dee REC

TOMATO SPOTTED WILT

Widespread occurrence of Tomato Spotted Wilt (TSW) in South Carolina during 2002 has
caused considerable concern among our tobacco producers.  Numerous producers in South
Carolina have seen losses in early season plantings approaching 30-70% of their tobacco crop.
County agent surveys estimate up to 20% of the tobacco plants in South Carolina were killed or
severely stunted by TSW in 2002.

Scope: TSW occurs worldwide and has caused serious losses in Central Europe, Greece, Brazil
and Argentina. More recently losses in the USA have increased dramatically in the southern
production areas such as Georgia with sporadic occurrences in production sites further north.
Recently (2002, 2006), the incidence and severity of TSW has increased in South Carolina. The
incidence of TSW causing noticeable stand loss reached 25% of the production fields in 2001.
Damage appears to be more severe when the winter and spring weather is dryer than normal.
TSW has a wide host range (166 species in 34 plant families) and can be found in winter weeds.
Symptoms of TSW will depend on the age of the plant and the environmental conditions during
plant growth. Early infection immediately after planting can Kill the plant rapidly, appearing like
damping off. As the plant ages new growth contains typical centric necrotic rings and zonate
necrotic spots on the young leaves. The bud will frequently be twisted. As the plant matures
black necrotic streaks can be seen on the stem. Severe stunting occurs after infection. Infected
plants typically do not increase in height after symptom expression. Early infected plants rarely
produce harvestable leaves.  Plants can be infected at any stage of development. However, in
South Carolina infections typically occur early in the season with losses climaxing in mid to late
May.
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Control: TSW infections occur through wounds in epidermal cells caused by tobacco thrips.
Generally insecticides have been ineffective in reducing virus transmission because very little
time is required to transmit the virus. The insecticide may kill the insect but only after the plant
has already acquired the virus. Thrips population’s peak in April and May and then decline in
June. This approximates the timing of TSW seen in South Carolina. Imidacloprid (Admire 2F
and Admire pro) applied as a greenhouse tray drench and to a much lesser extend as a transplant
water treatment has been shown to reduce TSW in field plantings in Georgia and in South
Carolina. The reduction in TSW may not be directly related to control of the thrips. Newer
aphid control materials such as Platinum also reduce TSW. In trials in 2002, Platinum appears
to give similar suppression of TSW when compared to Admire. TSW control following Admire
or Platinum treatment can range from 25% to 50% reductions in plant loss. Due to the random
nature of infection across the field (no edge effects) stand losses as great as 10% generally do not
result in yield reductions! As the number of plants killed increases above 10%, dramatic yield
and quality losses can be expected. Plants that are bordered by missing plants pick up nitrogen
normally used by competing plants. This results in uneven ripening across the field. Although
the effect is not readily apparent from observing the field, there is a pronounced lack of
uniformity in leaf ripening and is reflected in leaf quality.

Actigard is a new pesticide labeled for the control of blue mold on tobacco. Actigard works
through stimulating the plants own defense mechanisms, commonly referred to as systemic
acquired resistance (SAR). Excellent blue mold control has been observed following Actigard
application. Data suggests that Actigard will also reduce TSW. Use of Actigard in combination
with Admire or Platinum is additive providing a better alternative to producers than Admire or
Platinum alone. Both products used together can reduce losses 50-60% on a regular basis.
However, the potential of plant injury exists with the use of Actigard. Formerly, Actigard
was labeled through a special third party label due to the potential for plant injury. The
present blue mold label specifies application when the plants reach 18 inches tall, generally too
late for TSW control. If you are considering the use of Actigard in 2013 for TSW
suppression, check with your county agent for details.

Expectations: Losses to TSW are generally most severe during the first month after planting in
the USA. Although damage can sometimes be seen throughout the season our experiences in
South Carolina suggests reductions in new occurrences after the middle of May. The potential
losses to TSW in 2014 cannot be predicted, however, based on the historical losses in Georgia
severe losses in South Carolina could occur in any year. Farmers should carefully weigh the cost
of control and expectations for disease reduction when choosing their disease control system.

Host Resistance: Although promising breeding material exists, no released variety is resistant to
TSW. Host resistance will play a vital role in suppression of TSW in the future.

The following points should be considered to help control Tomato Spotted Wilt:
Avoid early planting

Apply Admire or Platinum as a tray drench

Use healthy disease free seedlings to reduce stand loss to other pathogens

Follow fertility recommendations - avoid excessive nitrogen application

Irrigate if possible to assure sustained crop growth

Consider use of Actigard (see information on labeling above) if expectation of disease
loss is high or if severe losses to TSW were experienced in previous years.

bR
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TOBACCO MOSAIC VIRUS

Losses to tobacco mosaic virus (TMV) hit an all time record in 2000 with an estimated loss of
$1,527,000! The early development of the disease suggests that initial infection of the seedlings
occurred in the greenhouse. It is unclear how and why mosaic was observed in so many
greenhouses in 2000. TMV to date has not been shown to be seed borne. The change to
greenhouse production of seedlings many have magnified a minor problem into a major one. Just
one plant within a large greenhouse that is TMV positive can have a devastating effect on the
quality of seedlings grown within that greenhouse. Although losses were low in 2009, careful
sanitation is needed in all years to prevent TMV.

Growers should not reuse trays from any greenhouse that had TMV the previous year.
Plant roots grow through the tray and it would be impossible to remove all root fragments and
sterilize the trays to assure they were TMV free. | would expect that the transmission of TMV to
new seedlings would be very low, however you only need one infected plant per greenhouse to
spread the virus during mowing. If trays are to be reused consider the use of TMV resistant
cultivars such as CC27, CC 37, CC 67, NC 297, NC 471 or GF 318.

Remember, tobacco mosaic is caused by a virus that is very easily spread by hand or machinery.
If workers do not wash their hands with abrasive soap or dip them in milk every 30 minutes
while handling transplants, the virus can be introduced into the field and very efficiently spread
within the field. Mosaic can be spread at any time in the growing season; it is commonly spread
by hand topping. Mosaic does not kill the plant but produces symptoms which range from a mild
mottling on the leaves to distortion and "mosaic burn” on the leaves. Mosaic infection early in
the season results in stunted, low yielding plants. If mosaic burn (dead areas in the leaves)
occurs, both yield and quality are reduced. Even without severe symptoms, losses to mosaic are
expensive, thus making tobacco mosaic one of the most important diseases.

The following points should be considered to help control mosaic:

1. Rotate tobacco fields.

2. Do NOT use tobacco products when working in the plant beds or in greenhouses,
during transplanting, or during topping.

3. Do NOT cover or carry tobacco transplants on old or possibly contaminated tobacco
sheets.

4. When clipping transplants in beds or greenhouses, disinfect the underside of the
mower with chlorine bleach mixed 1:1 with water immediately after each clipping.

5. Wash hands with abrasive hand soap (such as "Lava") or dip them in milk before
handling plants. Repeat every 30 minutes.

6. Before first cultivation, remove plants showing mosaic symptoms.

7. Avoid unnecessary cultivations.

8. Complete layby cultivation before plants are tall enough to touch equipment under
tractor.

9. Follow root and stalk destruction recommendations as soon after harvest as possible.

Most mosaic infections begin in fields from previous crop residues!
10. Use resistant varieties, such as CC27, CC 37, CC 67, NC 297, NC 471, or R 318
where mosaic is severe or rotation is not practiced.
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TARGET SPOT

Target spot is endemic to South Carolina tobacco fields and is caused by a fungus
(Thanatephorus cucumeris). Disease development is more severe during wet weather. Little
target spot occurred in South Carolina during 2008. The symptoms appear similar to brown spot
and are easy to confuse. Necrotic tissue can become brittle, fall out, and leave a shot hole
appearance. Under high relative humidity lesions can increase rapidly blighting large portions of
the leaf. Quadris fungicide received a label for control of target spot in 2006. Please check the
Quadris label for application directions prior to use.

FOLIAR TREATMENTS* RATE REMARKS

Quadris Flowable 6.0-12.0 0z/A Apply on a 7-14 day interval
with shorter intervals under
conditions conducive to disease
development. For ground
application apply Quadris in
sufficient water volume for
adequate coverage and canopy
penetration.

Do not tank mix with Thiodan
Quadris should be applied as a
component in an Integrated Pest
Management strategy. Check
label for application information
and potential crop injury.

REI = 4 hours

REI = reentry interval.

BROWN SPOT

Brown spot is a disease of the maturing leaves of tobacco and is most serious during periods of
high humidity. The best measures to reduce losses to brown spot are to plant varieties tolerant
to the disease, avoid excess nitrogen fertilization which delays maturity, and alter spacing of
plants in the row to increase air circulation and reduce humidity.

Be aware of conditions favorable for infection by the brown spot fungus. If such conditions

occur during harvest, increasing the priming rate should help to stay ahead of the disease.
Fungicide control is not successful and is therefore not recommended.

BLUE MOLD

Blue mold was not observed in South Carolina during 2014. Blue mold occurs in Florida and
Georgia almost every year and has the potential to cause severe losses in South Carolina.
Ridomil resistant strains have been observed in other states and pose a possible threat to the
tobacco crop in South Carolina. Blue mold is potentially one of the most destructive diseases of
tobacco. It is caused by a fungus (Peronospora tabacina) that is airborne, and disease can spread
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very quickly, leading to epidemics, if not properly managed. This occurred in 1979 and 1980 in
all tobacco-producing states, leading to tremendous losses. Ridomil has generally given good
control of blue mold when used as a preplant soil incorporation treatment. However, if a
Ridomil G insensitive strain occurs in South Carolina other control options should be
considered.  Acrobat has received a label for blue mold control but should be used in
combination with another fungicide. Actigard 50 WG received a label for blue mold control in
2000. Presidio received a label for blue mold control in 2015.

Ridomil Gold.

Rates of 0.5-1 pt/A Ridomil Gold per acre should be used at or before transplanting.

If necessary, an additional 0.5 pt can be used at layby, if no more than 1 pt/A was used at
planting. Growers should be reminded that the Ridomil label does not allow foliar applications.
Soil-applied Ridomil gives better control for longer periods of time and reduces the threat of
resistant spores building up. The amount of Ridomil Gold used will depend on control necessary
for black shank.

FIELD BLUE MOLD CONTROL

SOIL RATE REMARKS
TREATMENTS
Ridomil Gold 0.5-1 pt/A Broadcast and incorporate 2-4 inches at or before

transplanting. An additional 0.5 pt/A may be used at
layby if no more than 1 pt/A was applied at planting.

REI =48 hr.
FOLIAR RATE REMARKS
TREATMENTS*

Forum must be tank mixed with a product registered for
control of blue mold, such as mancozeb, for resistance
management. Neither Ridomil Gold nor Actigard are

Forum recommended as a tank-mix with Forum. Consult label

(FormerlyAcrobat) 2-8 fl oz before tank mixing with any product. Do not exceed 30

o0z/season.
REI = 0 days. Tobacco may be harvested the day of the
last application, after the spray has dried.

Begin application after plants reach a height of 12
inches. Apply on a preventative schedule when blue
mold threatens. Another registered blue mold product
should be used prior to 12 inches for early season

0.5 0z/A control and after the final application if conditions are
Actigard 50 WG ' conducive for disease. Make up to 3 applications on a
10-day schedule. Apply in a minimum of 20 gals. /A.
Application of Actigard may result in leaf yellowing.
This cosmetic yellowing normally disappears after final
application.

REI =12 hr.
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FOLIAR
TREATMENTS*

RATE

REMARKS

Quadris Flowable

6.0-12.0 oz/A

Quadris application should begin prior to disease
development or at first indication that blue mold is in
the area. Do Not apply Quadris as a curative
application. If blue mold is present in the field, initiate
application with Acrobat MZ prior to Quadris
application. Apply on a 7-14 day interval with shorter
intervals under conditions conducive to disease
development. For ground application apply Quadris in
sufficient water volume for adequate coverage and
canopy penetration.

Do not tank mix with Thiodan. Check label for
potential crop injury.

REI = 4 hours

Presidio

4 (0.125) Ib ailA

For resistance management, Presidio Fungicide must be
tank mixed with a labeled rate of another fungicide
active against the target pathogen, but with a different
mode of action. Apply as a foliar spray prior to disease
onset or at first indication that blue mold is in the area.
A second foliar application may be made, with a
minimum treatment interval of 7days between foliar
applications. Make no more than 2 foliar applications
per season.

REI = reentry interval
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DISEASE MANAGEMENT IN GREENHOUSE TRANSPLANT
PRODUCTION

There are several potentially important disease problems that may occur in greenhouse transplant
production systems. These include target spot (Rhizoctonia solani), white mold or stem rot
(Sclerotinia  spp.), damping-off caused by Pythium spp. or Rhizoctonia spp., blue mold
(Peronospora tabacina), gray mold (Botrytis cinerea), soft rot (Erwinia spp.) and tobacco
mosaic virus. The potential also exists for diseases most often associated with field-grown
tobacco to occur, and include bacterial wilt (Ralstonia solanacearum) and black shank
(Phytophthora parasitica var. nicotianae).

There are few fungicides labeled for greenhouse tobacco transplant production. A label for
Dithane DF has been obtained for greenhouse and plant bed use but the potential for
phytotoxicity exists (see chart below). It is imperative that producers take extra precautions to
prevent pathogens from entering the greenhouse and to minimize environmental conditions
within the greenhouse that might encourage disease development. Thus, ventilation, sanitation,
monitoring, and use of good production practices are important disease management factors.

Greenhouse Disease Control

TOBACCO GREENHOUSE DISEASE CONTROL

RATE/50 GAL *
DISEASE CHEMICAL WATER REMARKS

6 0z/A or 0.14 | Make only one application prior to
0z (4 ml)/1000 | transplanting. Follow up applications can be

Target Spot Quadris ft?in enough | made in the field according to the Quadris
(Rhizoctonia |  Flowable water for | federal label.
solani) 24-C Label thorough | Greenhouse 24-C Label should be in your
Blue Mold coverage possession at the time of application.
(recommended | REI = 4 hours
5 gal/1000 ft?)
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TOBACCO GREENHOUSE DISEASE CONTROL (cont.)

RATE/50 GAL *
DISEASE CHEMICAL WATER REMARKS

Do not apply as a drench or in irrigation water.
Apply this product only to tobacco float-bed
water. Consult the label for mixing directions.
Crop injury can occur with improper mixing.
Terramaster 4EC used as a preventative
Terramaster | 1 cxggro 90| {reatment before symptoms occur, mix 1.4 fl.
4EC oz of Terramaster /100 gal of water no sooner
than three weeks after seeding. A sequential
preventative application of 1.4 fl 0z/100 gal of
water can be made 3 weeks after the first
application. Do not apply Terramaster 4EC
later than 8 weeks after seeding.
REI =12 hr.

Pythium Terramaster 4EC used as a curative
treatment when symptoms first appear, mix
1.4 fl oz of Terramaster /100 gal of water no
sooner than three weeks after seeding and
when leaves are at least 1 in. in diameter. If
Pythium symptoms recur after the first

Terramaster | -4 OZ/%OO gal application, a second application of 1-1.4 fl

4EC water 0z/100 gal of water can be made. Allow at
least a 3-week interval between the first and
second application. Do not apply Terramaster
4EC later than 8 weeks after seeding. No
more than 2.8 fl. oz. of Terramaster 4EC /100
gal of water may be applied to each crop of
transplants. REI =12 hr,

Remarks: Ridomil Gold, or Acrobat (Forum) are not labeled for use in greenhouses, or
floatbed plant production systems. REI = reentry interval.

VENTILATION

Ventilation using side curtains and promoting horizontal air flow with fans is very important to
remove stagnant air pockets and lower humidity within the house. Good ventilation and air
movement reduces the potential for leaf diseases such as target spot, blue mold, and gray mold.
This also promotes evaporative cooling of the transplants and should reduce the potential for
warm-weather diseases such as soft rot.  Systems such as horizontal airflow using fans
suspended from the ceiling or use of a polytube for ventilation are recommended.
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SANITATION

Sanitation practices are also very important, both during actual production of the transplants as
well as before and after a production run. Sanitation practices are those that strive to prevent
introduction of pathogens into the production area and to prevent their spread. The use of sterile
peat-vermiculite soil mixes, sanitizing clipping mowers with bleach solutions, washing used
trays with bleach solutions, promoting good drainage and dry walkways, etc. are examples of
sanitation practices. It is suggested that mowers be thoroughly cleaned with a 50% solution of
household bleach after each clipping. This is very important for Mosaic control. Remove plant
clippings from the vicinity of the greenhouse structure. Do not allow tobacco products to be
used in the greenhouse. Workers should wash their hands with abrasive soap or dip them in milk
prior to handling of transplants and trays. Do not use surface water (ponds, streams) for
irrigation or filling of float trays. These waters may contain pathogens. After trays are used,
they should be thoroughly washed to remove old soil mix and stored in a clean, dry location.
Before they are used again, they should be washed or drenched in a 10% bleach solution, and
rinsed with clean water. Producers should keep all aspects of tray filling and transport of filled,
seeded trays to the greenhouse as sanitary as possible. Contamination of trays can occur
anywhere in the path.

Walkways should be constructed so that they are as clean and dry as possible. Using gravel or
even cement walkways promotes drainage and helps prevent pathogen-laden soil from being
introduced into the production area. Make sure any equipment, including rubber boots used to
work in float baths, are cleaned and sanitized before they are used in production houses. Do not
use any tobacco products within or near the greenhouse. Do not bring fruit into the
greenhouse structure.

MONITORING

Growers should constantly monitor the crop from seeding to setting of transplants for signs and
symptoms of disease. Frequently, wilted or yellow plants indicate disease is becoming
established. Trays with diseased plants should be removed promptly from the vicinity and
destroyed. Clippings should be collected in bag attachments and removed from the vicinity of
the houses, as some pathogens (e.g. white mold) may continue to produce spores on dead plant
material.

USE GOOD PRODUCTION PRACTICES

Finally, strive to produce the transplants using good production practices. Make sure your water
source is a good one and the pH and bicarbonate levels are acceptable. Allow adequate fertility
for production, but do not over-fertilize, as this causes succulent plants to develop that are more
susceptible to diseases. Make sure temperatures in the house do not become extreme (hot or
cold) as these stresses may cause the plants to become weakened and more readily attacked by
pathogens. Do not heat the float water. Tobacco seedlings can grow in float systems with very
cold float water. Low float water temperatures reduce the spread of Pythium spp. in the float
water. Heating the float water may increase Pythium seedling disease.

60



TOBACCO INSECT MANAGEMENT

Francis P. F. Reay-Jones

Integrated pest management (IPM) is the ecological approach to pest control. It uses ALL
suitable techniques to reduce pests below economic levels. It is not the intention of IPM to do
away with chemicals. If anything, IPM is designed to protect chemicals from being lost or
becoming ineffective.

When insect pest populations reach economic threshold levels, control measures must be taken.
The ultimate line of defense against insect enemies is the use of chemicals. These control costs
can be very expensive, but the cost of not controlling could be total crop destruction. With IPM,
when chemicals are used, it is because they are necessary; facts replace hunches.

IPM is needed even in high cash crops such as tobacco. Indiscriminate use of insecticides
destroys beneficial insects. This can cause minor or secondary pests to become major pests and
major pests to reach serious levels earlier. Overuse of insecticides may also contribute to a
resistance buildup by the pests and make control even harder.

In order to reduce selection pressure on any given active ingredient, we recommend that growers
avoid using insecticides with the same mode of action on consecutive generations of a pest if
multiple applications are required during a growing season. Rotation among insecticides with
different modes of action is recommended. This will help to maintain the efficacy of labeled
products. To help with selection of insecticides, modes of action of insecticides are indicating in
the recommendations below using the classification defined by the Insecticide Resistance Action
Committee (http://www.irac-online.org). A different number indicates a different mode of action.

Natural Control - This includes weather, beneficial insects, diseases, etc., and results in the
death of most insect pests (sometimes as many as 95-97%). Perhaps as many as 50%, or even
more, of the potential insect pests are destroyed by beneficial insects before they can do much
damage to tobacco. Beneficial insects are very important.

Economic Threshold - This is a level at which a treatment would be profitable and a decision to
treat should be made. Economic thresholds may be affected by such things as location, size of
insects, presence of beneficials, time of growing season, stage of growth, and the size and
condition of the tobacco plant. Economic thresholds are continually changing. When in doubt,
consult with your county Extension agent.

Current economic thresholds are:

Tobacco budworms - Treat when four or more plants out of 100 (4%) are infested with
budworms during the first 4 weeks after transplanting. After the fourth week and until plants
have buttoned, treat when 10 or more plants out of 100 (10%) are infested. When using CU-263,
you may be able to wait a little longer before treatment.

Tobacco hornworms - Treat when 10 or more worms (without parasite cocoons) are found per
100 plants (10%). Worms having white parasite cocoons eat much less, and more of these can be
tolerated before treatment is required.
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Aphids - Treat when 10% of the plants checked have 50 or more live aphids on at least one leaf.

Flea beetles - Treat when there is an average of three flea beetles per plant early in the season,
when the tobacco is small, or an average of 20 flea beetles per plant late in the season, when the
tobacco is large. Flea beetles are normally a problem only early in the season (shortly after
transplanting) and late in the season (when the harvest of lower leaves moves the flea beetles up
the stalk).

Cutworms - Treat when 10% of the plants checked show cutworm damage.

Scouting - Scouting tobacco for various pests was part of the Tobacco IPM program that began
in Dillon County in 1979. The program expanded to Florence and Horry counties in 1982 and to
Marion County in 1983. Private scouting began in 1984, and continues. Ultimately, we hope that
all tobacco in this state will be scouted at least once a week for all crop pests, by trained scouts
or by the growers.

THRIPS

Thrips are responsible for the transmission of tomato spotted wilt virus (TSWV) in tobacco.
Thrips are very tiny insects, barely visible with the naked eye. Although there are many different
kinds of thrips found on tobacco, only three of those species are capable of transmitting the
disease. One of those, Frankliniella fusca (the tobacco thrips), is the most common thrips found
on tobacco.

Transmission of the disease seems to be most common during a fairly short period of time early
in the season. Insecticide applications to control the thrips seem to provide very little help in
controlling the disease. By the time that the insecticide kills the thrips, they have already
transmitted the disease. The application of Admire (or generic brands of imidacloprid) or
Platinum insecticides prior to transplanting does provide some suppression of the disease.

APHIDS

For several years now, we have been seeing fewer green aphids and more red aphids, with the
latter being more difficult to control. Some taxonomic work suggested that the aphid that we
have had on tobacco for the past few decades was not the green peach aphid, Myzus persicae. A
new species, the tobacco aphid (Myzus nicotianae), was described. We have now come full
circle. Other taxonomists have looked at the situation and come to the conclusion that these are
both the same species, the green peach aphid. The green peach aphid does come in both a red and
green color form, with the red generally being more difficult to control.

Aphids secrete a sugary substance known as honeydew. Honeydew is sticky, and a perfect site
for the development of sooty mold. Once honeydew and sooty mold are present on the leaves,
they are nearly impossible to get off. As aphids molt, they leave their cast skins behind. I have
received numerous calls from growers (by the way of the county agents) who complained of
getting poor control of aphids with Orthene. When | examined the situation, what | found was
tobacco leaves covered with cast skins, honeydew, and sooty mold. There were no live aphids.
Orthene will kill the aphids, but it will not (nor will anything else) get rid of the cast skins and
damage.
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Tobacco that has been damaged by aphids will carry that damage all the way to the warehouse
floor. Leaves will be thinner, black, and stuck together. The result is a mess. The tobacco is of
very poor quality and, justifiably, brings a lower price. The way to avoid aphid damage to your
tobacco is to control the aphids before they build up to such high numbers.

The red form of the green peach aphid is more difficult to control than the green form. Both
Admire (and generic brands of imidacloprid) and Platinum used in the greenhouse will give
excellent control of the red and green forms of the green peach aphid.

PRECAUTIONS USING INSECTICIDES

ALL insecticides should be applied according to label precautions and restrictions.

TOBACCO INSECT CONTROL IN THE PLANT BED

PRODUCT {MODE AMOUNT MIXING
INSECT OF ACTION PER AND REI
GROUP}* 1000 SQ FT APPLICATION
Aphids
& Mix spray using 3/4 thsp per 1
Acephate *k
Flea (Orthenep97) {18} 3/4** thsp gal water/1000 sq ft. 24
Beetles
Mix spray using 3/4 thsp per 1
Cutworms Acephate 3/4 tbs 24
(Orthene 97) {1B} P gal water/1000 sq ft.
Slugs Scatter around margins,
or 21b walkways, and open spaces in 12
Snails Metaldehyde 5B beds.

* Modes of action of insecticides are indicating using the classification defined by the Insecticide Resistance Action
Committee (http://www.irac-online.org).
** thsp = tablespoon

TOBACCO INSECT CONTROL IN GREENHOUSES

Acephate (Orthene 97) is labeled for use on tobacco in greenhouses to control cutworms, flea
beetles, the green peach aphid, and the tobacco aphid, at a rate of % Ib/A. Apply to foliage at the
equivalent of 3/4 thsp in 3 gal water/1000 sq ft of bed. Apply evenly to ensure thorough
coverage. Note: Floatbed water should be disposed of in the transplanted field through the
transplant water or through foliar spray.

Imidacloprid - Admire Pro has replaced Admire 2F. Both products have the same active
ingredient (imidacloprid). However the Admire Pro formulation is more concentrated, therefore
the rates will be different. It is labeled at 0.5 fl 0z/1000 plants for aphids and flea beetles and 0.6-
1.2 fl 0z/1000 plants for mole crickets and wireworms. For tomato spotted wilt suppression, use
0.8-1.2 fl 0z/1000 plants.
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Admire 2F and generic brands are also labeled for use on tobacco as a drench to trays or flats
prior to transplanting. Labeled rates are 1 fl 0z/1000 plants for aphids and flea beetles and 1.4-
2.8 fl 0z/1000 plants for mole crickets and wireworms. Although this is a greenhouse
application, imidacloprid will control these insects in the field for most of the growing season.
For tomato spotted wilt suppression, use 1.8-2.8 fl 0z/1000 plants.

Thiamethoxam (Platinum 2 SC) is labeled for use on tobacco as a drench to trays or flats prior
to transplanting. It is labeled at 0.8-1.3 fl 0z/1000 plants for aphids, flea beetles, and Japanese
beetles, and 1.3 fl 0z/1000 plants for wireworms. Although this is a greenhouse application, it is
for control of these insects in the field. For tomato spotted wilt suppression, use 0.8-1.3 fl
0z/1000 plants.

An insecticidal soap, M-Pede, is also labeled for use on tobacco in the greenhouse. However, its
effectiveness has not yet been established.

“ALL insecticides should be applied according to label precautions and restrictions.”

TOBACCO INSECT CONTROL IN THE FIELD

Note on tobacco hornworm and tobacco budworm control: in addition to foliar applications
of insecticides (see products listed below), insecticides with chlorantraniliprole are now labeled
for use in transplant water (Coragen [chlorantraniliprole]; Durivo [chlorantraniliprole and
thiamethoxam]). It is important to follow recommendations for water usage to insure that roots
receive sufficient moisture.

PRODUCT {MODE |AMOUNT MIXING
INSECT OF ACTION PER AND REI (hrs)
GROUP}* ACRE APPLICATION
WIREWORMS Ethoprop Broadcast granules with spreader or apply
(Mocap 15 G [R]) 13Ib  |sprays evenly over area at least 7-10 days 48
{1B} before transplanting and disc to mix 2-4
inches into soil.
Imidacloprid (Admire| 0.6-1.2 fl |Apply as a drench to flats or trays prior to
Pro) {4A} oz/ transplanting. 12
1000 plants
Imidacloprid (Admire| 0.8-1.2 fl |Apply in transplant water in a minimum of
Pro) {4A} oz/ 100 gal/A. 12
1000 plants
Imidacloprid (Admire| 1.4-2.8 fl |Apply as a drench to flats or trays prior to
2F and generic brands) oz/ transplanting. 12
{4A} 1000 plants
Imidacloprid (Admire| 1.8-2.8 fl |Apply in-furrow or transplant water.
2F and generic brands) oz/ 12
{4A} 1000 plants
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TOBACCO INSECT CONTROL IN THE FIELD (cont)

AMOUNT

MIXING

INSECT PRODUCT {MODE OF PER AND F;E'
ACTION GROUP}* ACRE APPLICATION ((17)
WIREWORMS [ Thiamethoxam (Platinum 2 |1.3 fl oz/ 1000{Apply as a drench to flats or trays prior to
(CONT) SC) {4A} plants transplanting, or in transplant water in a 12
minimum of 100 gal/A.
Thiamethoxam and 1.6 fl oz/ 1000{Apply at transplant.
chlorantraniliprole (Durivo) plants -
{4A} {28}
APHIDS Acephate (Orthene 97) {1B} Apply in 10-50 gal spray/A for complete
051b coverage or in transplant water in a 24
minimum of 100 gal/A. PHI = 3 days
Imidacloprid (Admire 0.5fl oz/ |Apply as a drench to flats or trays prior to 12
Pro) {4A} 1000 plants [transplanting.
Imidacloprid (Admire 0.6 fl oz/  |Apply in transplant water in a minimum of 12
Pro) {4A} 1000 plants (100 gal/A.
Imidacloprid (Admire 2Fand | 1.0fl oz/ |Apply as a drench to flats or trays prior to 12
generic brands) {4A} 1000 plants [transplanting.
Imidacloprid (Admire2Fand | 1.4 floz/ [Apply in-furrow or transplant water. 12
generic brands) {4A} 1000 plants
Imidacloprid (Provado 1.6 F) Apply in 20-40 gal spray/A for complete 12
{4A} 2-4 0z coverage.PHI = 14 days
Lambda-cyhalothrin/ _
chlorantraniliprole (Besiege) 5-9 0z (L;lsje a’;;:sisotnlgng:a; spray/ac. PHI = 40 days 12
(3A} {28} PP y
Methomyl (Lannate LV [R]
or SP [R]) {1A} 1.5 pts or 0.5 [Apply in 20-40 gal spray/A for complete 48
Ibs. coverage. PHI =5 days
Pymetrozine (Fulfill 50 WG) Same as above. Do not make more than 12
{9B} 2.750z  [two applications per season.
Thiamethoxam (Platinum 2 | 0.8-1.3 fl 0z/ [Apply as a drench to flats or trays prior to
SC) {4A} 1000 plants [transplanting, or in transplant water in a 12
minimum of 100 gal/A.
Thiamethoxam (Actara) {4A} | 2-3 0z ;’as;sat least 20 gal spray/ac. PHI = 14 12
Thiamethoxam and 0.6-1.6 fl oz/ |Apply at transplant.
chlorantraniliprole (Durivo) 1000 plants -
{4A} {28}
Thiamethoxam/
chlorantraniliprole (Voliam 25-40z |Use at least 20 gal spray/ac. PHI=14 days | 12

Flexi) {4A} {28}
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TOBACCO INSECT CONTROL IN THE FIELD (cont)

PRODUCT
INSECT {MODE OF AMOUNT MIXING
ACTION PER AND REI (hrs)
GROUP}* ACRE APPLICATION
FLEA Acephate (Orthene Apply in 20-40 gal spray/A for complete
BEETLES 97) {1B} 0.51b  |coverage or in transplant water in a 12
minimum of 100 gal/A. PHI = 3 days
Carbaryl (Sevin Apply in 20-40 gal spray/A for complete
80S or 4F) {1A} 1.25-251b |coverage. PHI =0 12
1-2 gt
Imidacloprid 0.5fl 0z/ |Apply as a drench to flats or trays prior to
(Admire 1000 plants [transplanting. 12
Pro) {4A}
Imidacloprid 0.6 fl oz/  [Apply in transplant water in a minimum
(Admire 1000 plants |of 100 gal/A. 12
Pro) {4A}
Imidacloprid 1.0fl oz/ |Apply as a drench to flats or trays prior to
(Admire 2F and 1000 plants [transplanting. 12
generic brands)
{4A}
Imidacloprid 1.4 fl oz/ |Apply in-furrow or transplant water.
(Admire 2F and 1000 plants
. 12
generic brands)
{4A}
Imidacloprid Apply in 20-40 gal spray/A for complete
(Provado 1.6 F) 40z coverage. PHI = 14 days 12
{4A}
Methomyl (Lannate| 0.75-1.5 pts
LV [R]or SP[R]) | or 0.25-0.5 [Apply in 20-40 gal spray/A for complete 48
{1A} Ibs coverage. PHI = 5 days
Thiamethoxam 0.8-1.3 fl 0z/ |Apply as a drench to flats or trays prior to
(Platinum 2 SC) 1000 plants [transplanting, or in transplant water in a 12
{4A} minimum of 100 gal/A.
Thiamethoxam 2.3 07 Use at least 20 gal spray/ac. PHI = 14 12
(Actara) {4A} days.
Thiamethoxam and | 1.0-1.6 fl oz/ [Apply at transplant.
chlorantraniliprole | 1000 plants -
(Durivo) {4A} {28}
Thiamethoxam/
chlorantraniliprole 2.5-40z |Use at least 20 gal spray/ac. PHI=14 days 12

(Voliam Flexi) {4A}
{28}
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TOBACCO INSECT CONTROL IN THE FIELD (cont)

(Voliam Flexi) {4A}

{28}

PRODUCT
INSECT {MODE OF AMOUNT MIXING
ACTION PER AND REI (hrs)
GROUP}* ACRE APPLICATION
BUDWORMS Acephate (Orthene Apply in 20-40 gal spray/A for complete
97) {1B} 0.751b  |coverage or in transplant water in a 12
minimum of 100 gal/A. PHI = 3 days
Bacillus
Thuringiensis** (see label)
{11}
Bacillus Commercially prepared bait. Place small
Lol 5-10Ib  |pinch in bud of each plant with a gloved Bait
Thuringiensis {11} . .
hand or mechanical applicator.
Chlorantraniliprole | 3.5-7.50z [foliar application (PHI = 1 day)
(Coragen) {28} 4
5.0-7.5 0z |transplant water application at planting
Emamectin -
benzoate (Denim 8-12 oz g;llseast 20 gallons per acre. PHI = 14 48
[R]) {6} '
Flubendiamide 23 0z At least 10 gallons per acre. PHI = 14 12
(Belt SC) {28} days.
Lambda- 0.96-1.92 0z |At least 2 gallons per acre. PHI = 40
cyhalothrin (Karate days. 24
Z) {3A}
Lambda-
cyhalothrin/ Use at least 10 gal spray/ac. PHI = 40
- 5-9 oz 12
chlorantraniliprole days
(Besiege) {3A} {28}
Methomyl (Lannate
LV [R] or SP [R]) |1.5pts or 0.5[Use at least 10 gal spray/ac. PHI = 5 days 48
{1A} Ibs.
Spinosad (Tracer or| 1.4-2.9 oz or |Use at least 20 gal spray/ac. PHI = 3 4
Blackhawk){5} 1.6-3.2 0z [days.
Thiamethoxam and | 1.6 fl 0z/ |Apply at transplant.
chlorantraniliprole | 1000 plants -
(Durivo) {4A} {28}
Thiamethoxam/
chlorantraniliprole 40z Use at least 20 gal spray/ac. PHI=14 days 12
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TOBACCO INSECT CONTROL IN THE FIELD (cont)

AMOUNT MIXING
INSECT PRODUCT {MODE OF PER AND REI (hrs)
ACTION GROUP}* ACRE APPLICATION
HORNWORMS Acephate (Orthene 97) Apply in 20-40 gal spr_ay/A for
{1B} 051b complete coverage or in transplant
water in a minimum of 100 gal/A. PHI 12
= 3 days

Bacillus
Thuringiensis** {11} (see label)

Carbaryl (Sevin Apply in 20-40 gal spray/A for
80S or 4F) {1A} 1.25-251b  |complete coverage. PHI =0 12

1-2 gt

Chlorantraniliprole 3.5-7.50z [foliar application (PHI = 1 day)

(Coragen) {28} 4
5.0-7.50z |transplant water appl. at planting

Emamectin benzoate At least 20 gallons per acre. PHI = 14 48
(Denim [R]) {6} 8-12 oz days.

Flubendiamide (Belt SC) 23 0z At least 10 gallons per acre. PHI = 14 12
{28} days.

Lambda-cyhalothrin 0.96-1.92 0z (At least 2 gallons per acre. PHI = 40 24
(Karate Z) {3A} days.

Lambda-cyhalothrin/ _
chlorantraniliprole 5-9 0z (LjJase at least 10 gal spray/ac. PHI = 40 12
(Besiege) {3A} {28} s

Methomyl (Lannate LV
[R] or SP [R]) {1A} 0.75-1.5 pts  |Use at least 10 gal spray/ac. PHI =5 48

0.25-0.5Ibs |days

Spinosad (Tracer or 1.4-29 0z or |Use at least 20 gal spray/ac. PHI = 3 4
Blackhawk){5} 1.6-3.20z |days.

Thiamethoxam and 1.6 fl 0z/ 1000 [Apply as a drench to flats or trays prior
chlorantraniliprole plants to transplanting. -
(Durivo) {4A} {28}

Thiamethoxam/ Use at least 20 gal spray/ac. PHI=14
chlorantraniliprole 40z days ' 12
(Voliam Flexi) {4A} {28}

LOOPERS Acephate (Orthene 97) Apply in 20-40 gal spray/A for
{1B} 0.751b complete coverage or in transplant
water in a minimum of 100 gal/A. PHI 12
= 3 days
{Iﬁ;lllus thuringiensis (see label)

Emamectin benzoate At least 20 gallons per acre. PHI = 14 48
(Denim [R]) {6} 8-12 oz days.

Flubendiamide (Belt SC) 23 07 At least 10 gallons per acre. PHI = 14 12
{28} days.

Methomyl (Lannate LV
[R] or SP [R]) {1A} 1.5 pts Use at least 10 gal spray/ac. PHI =5 48

0.5 Ibs days.
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TOBACCO INSECT CONTROL IN THE FIELD (cont)

AMOUNT MIXING REI
INSECT PRODUCT {MODE OF PER AND
ACTION GROUP}* ACRE APPLICATION e
GRASSHOPPERS| Acephate (Orthene 97) Apply in 20-40 gal spray/A for complete
{1B} 0.25-0.51Ib [coverage or in transplant water in a 12
minimum of 100 gal/A. PHI = 3 days
STINK BUGS Acephate (Orthene 97) Apply in 20-40 gal spray/A for complete
{1B} 0.5-0.751b [coverage or in transplant water in a 12
minimum of 100 gal/A. PHI = 3 days
SPLITWORMS {letél;endlamlde (Belt SC) 2-30z |At least 10 gallons per acre. PHI = 14 days. 12
Chlorantraniliprole 3.5-7.5 0z |foliar application. PHI = 1 day 4
(Coragen) {28}

JAPANESE Carbaryl (Sevin Apply in 20-40 gal spray/A for complete
BEETLES 80S or 4F) {1A} 1.25-251b |coverage. PHI =0 12
1-2 gt

Acephate (Orthene 97) Apply in 20-40 gal spray/A for complete
{1B} 0.751b  |coverage or in transplant water in a 12
minimum of 100 gal/A. PHI = 3 days
Imidacloprid (Provado 1.6 Apply in 20-40 gal spray/A for complete 12
F) {4A} 4 0z coverage. PHI = 14 days
{Hf methoxam (Actara) 2-3 0z Use at least 20 gal spray/ac. PHI = 14 days. | 12
Thiamethoxam (Platinum [ 0.8-1.3 fl oz/ |Apply as a drench to flats or trays prior to
2 SC) {4A} 1000 plants [transplanting, or in transplant water in a] 12
minimum of 100 gal/A.
Thiamethoxam/
?\r}grigmrgl]e'gsr?ﬁ} 28} 2.5-40z |Use at least 20 gal spray/ac. PHI=14 days 12
CUTWORMS Chlorpyrifos (Lorsban 15 Apply as preplant broadcast granules or a
Gor 13.51b  [preplant broadcast spray in not less than 10
4 E[R]) {1B} or2qt |gal spray/A. Incorporate into soil 2-4[ 24
inches.
CAUTION: Do NOT apply to foliage.
Acephate (Orthene 97) Apply in 20-40 gal spray/A for complete
{1B} 0.751b  |coverage or in transplant water in a 12
minimum of 100 gal/A. PHI = 3 days
VEGETABLE Acephate (Orthene 97) Apply in 20-40 gal spray/A for complete
WEEVILS {1B} 0.5t00.75 Ib[coverage or in transplant water in a
minimum of 100 gal/A. PHI = 3 days 12

* Modes of action of insecticides are indicating using the classification defined by the Insecticide Resistance Action
Committee (http://www.irac-online.org).

** Bt products labeled for use on tobacco in South Carolina include Dipel, Biobit, Thuricide, MVP, Lepinox and

Agree.
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ON-FARM CONTROL OF TOBACCO MOTH AND CIGARETTE BEETLE

INSECTICIDE DOSAGE HOW, WHERE, AND WHEN TO APPLY
Heat treatment 140°F Hang in barn for a few hours.
Tol_)acco moth and CAUTION: Tobacco must be thoroughly dried at temperature
Cigarette beetle o - . .
below 100°F before increasing temperature or color will change and
(all stages) . .
result in decreased price.
Dichlorvos (Vapona) 1 per 1,000 |Effective in reasonably tight storage facilities. Hang one resin strip
Resin strips cu ft of per 1,000 cu ft of storage space. Replace if live moths are noticed.
{1B} space
Tobacco moth
(moth only)
Bacillus (see label) |Apply as a fine mist. Spray leaves in layers as tobacco is being

thuringiensis* {11}

Tobacco moth
(larvae only)

sheeted, re-sheeted, or placed in a pile for storage. Good coverage is
essential.

CAUTION: Avoid excessive moisture.

*The only Bt product labeled for this use in South Carolina is Dipel.
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MECHANIZATION AND CURING

Grant Ellington and Dewitt T. Gooden

From the early development of bulk curing, a few GUIDELINES have always been
recommended for successful and efficient curing:

1. Load the racks or boxes uniformly with quality tobacco.

2. Maintain an adequate airflow through the tobacco.

3. Maintain proper control of the curing conditions.

4. Make sure that your equipment and barn are energy efficient and well maintained.

With the ever-increasing fuel costs and reduced cured leaf prices, it is critical that growers apply
these recommended guidelines to increase their curing efficiency. In addition, the heat exchanger
retrofit systems require annual adjustments and inspections that are different than those needed
by the direct-fired curing systems used in the past. The information provided in this chapter can
help you to make the most efficient use of fuel and electricity while maintaining the highest
cured leaf quality.

LOAD UNIFORMLY AND MAINTAIN ADEQUATE AIRFLOW

Uniform loading is the key to adequate airflow, which is necessary for top-quality cures.
Uniform loading is essential in both rack and box barns. A barn full of racks or boxes that are not
uniformly loaded is almost sure to cure improperly and waste fuel and electricity. Although
many rack barns are still in use, they typically have been replaced with box barns. This is mainly
due to the box barn’s increased capacity and ease of integration into completely mechanized leaf
handling systems. Although most curing containers can be effectively loaded by hand, many
types of mechanical loading systems have become available. Green leaf box loading systems
have become more common as growers have become more dependent on mechanization.

Mechanical loading systems load the boxes with thin uniform layers of leaf and incorporate a
system to weigh the quantity of green leaf in each box. Overloaded boxes can result in scalded
tobacco, particularly on lower-stalk tobacco. More often, however, scalded or improperly cured
tobacco results from uneven loading that allows air to pass through less densely loaded areas
while bypassing more densely loaded areas. Typically the middles of the boxes are loaded more
densely than the sides, especially when hand loaded. Weighing the boxes allows the grower to
load each with exactly the same amount of green tobacco and minimize the density variations.
The box bulk density—the pounds of green leaf per unit of box volume—significantly affects the
airflow through the packed bed of tobacco. As the amount of green leaf per box (bulk density)
increases, the resistance to the flow of air also increases. The fan must overcome this resistance
to produce a desired airflow. Thus, an accurate green weight measurement will assist with
determining the optimum loading rates for your particular barn-retrofit combination.

Many growers comment that weighing the green leaf per box has eliminated or minimized the
curing problems associated with lower-stalk tobacco. Boxes that are not uniformly loaded may
result in drying at different rates due to the variations in bulk density. This differential drying can
occur within a given box and between adjacent boxes in the same barn. Uneven drying results in
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longer curing times, thus increasing the electricity and fuel consumption per cure. Although the
electricity component of the energy required for curing is approximately 10 to 15 percent of the
total, the electricity cost is approximately 20 to 25 percent of the total curing cost.

Furthermore, proper placement of racks or boxes is a must for adequate airflow. It has been
estimated that a 0.5 inch crack between adjacent boxes may allow as much as 50 percent of the
air to “short-circuit” past the tobacco. Good box-to-barn and box-to-box sealing should be
obtained for maximum leaf ventilation and top-quality cures. The same holds true for racks.
Although good cures can be obtained with slight air leakage between containers that are provided
adequate airflow, poor cures are likely when low airflow occurs with leakage, non-uniform
loading, or both.

MAINTAIN PROPER CONTROL OF THE CURING CONDITIONS

Proper control of the temperature and relative humidity are essential for efficient tobacco curing.
Because very few relative humidity sensors can function accurately in the harsh curing
environment, relative humidity is not measured directly. The relative humidity is indirectly
monitored by measuring both the dry- and wet-bulb temperatures.

Dry-Bulb Temperature, Wet-Bulb Temperature, and Relative Humidity

The dry-bulb temperature, which is the actual air temperature, is measured with a conventional
thermometer or thermostat. The dry-bulb temperature is controlled by the thermostat, which
cycles the heat input on and off. A wet-bulb thermometer is simply a dry-bulb thermometer
connected to a water reservoir by a wick that is wrapped around the thermometer bulb. Provided
there is sufficient air movement around the wetted wick for evaporation to occur, the wet-bulb
thermometer indicates the wet-bulb temperature.

As a result of the evaporative cooling process, the wet-bulb temperature will be lower than the
dry-bulb temperature. The amount of cooling depends on the relative humidity. The relative
humidity is a ratio: the actual weight of the water vapor in the air to the maximum weight of
water vapor the air can hold for a given dry-bulb temperature. The higher the relative humidity
is, the slower the evaporation rate and vice versa. The difference between the dry-bulb and wet-
bulb temperature determines the relative humidity of the air. Thus, the difference between the
two temperatures indicates the amount of moisture in the air and is often referred to as the drying
potential or wet-bulb depression.

As the temperature difference between the dry-bulb and wet-bulb increases, the relative humidity
of the air decreases, resulting in an increase in the drying potential. A smaller difference in
temperature indicates an increase in the relative humidity and a decrease in the drying potential.
If the air were completely saturated, which means the relative humidity would be 100 percent,
the dry-bulb and wet-bulb temperatures would be the same. The tobacco-drying rate depends on
the dry-bulb temperature, wet-bulb temperature, and airflow rate.

Curing Phases

The curing chart included in this section illustrates the dry-bulb and wet-bulb curing schedule
used for normal ripe tobacco. Also shown is the relative humidity associated with the given dry-
and wet-bulb temperatures. Typically the curing schedule is divided into three phases defined as
yellowing, leaf drying, and stem drying. Although each phase in the figure is divided into 48-
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hour intervals, the actual time required may vary. The curing schedule is a general guide, and the
actual schedule followed may deviate due to factors such as the tobacco ripeness and maturity,
weather, airflow, and other influences. The maximum relative humidity occurs during the
yellowing phase of the curing schedule, and the minimum occurs during stem drying.

Yellowing is a delicate balance of maintaining a high relative humidity, but removing as much
moisture as possible without excessive drying. The goal is twofold: to allow completion of the
biological and physiological processes occurring in the leaf and to avoid over-drying. Removal
of as much water as possible during yellowing while maintaining the proper humidity can reduce
fuel consumption, thus improving energy efficiency. Likewise, as sufficient moisture is removed
during yellowing, the drying action will help to improve airflow through the containers. The
resistance to airflow will decrease as the tobacco wilts and shrinks, thus improving air passages
around the leaves.

As curing progresses, the difference between the dry-bulb and wet-bulb temperatures increases
and the relative humidity decreases. When air is heated without changing the moisture content,
both the dry-bulb and wet-bulb temperatures will increase. The dry-bulb temperature will
increase more than the wet-bulb temperature, thus decreasing the relative humidity and
increasing the air’s drying potential. The maximum dry-bulb temperature advance rate
recommended is 2°F per hour during leaf drying and no more than 3°F per hour during stem
drying. This gradual increase allows sufficient time for the moisture removal to keep up with the
temperature increase, therefore minimizing the possibility of leaf scalding. By the end of the
leaf-drying phase, the tobacco’s moisture content has significantly decreased.
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As long as the leaf retains sufficient moisture, the wet-bulb temperature and leaf temperature are
approximately the same. If the leaf temperature exceeds approximately 113°F, the cells die,
which produces browning or scalding. This is a result of too high a wet-bulb temperature and a
slow drying rate. Therefore, after yellowing, the wet-bulb temperature should never exceed
105°F until the leaf lamina is completely dry. Once the leaf is dry enough to advance the dry-
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bulb temperature above 135°F, maintaining a wet-bulb temperature of 110°F or higher will
reduce fuel consumption. Many growers rely on experience to control the humidity, but accurate
and optimum control of the curing environment and fuel consumption require the use of a wet-
bulb thermometer. For more details concerning the curing schedule, contact your local county
Extension center for assistance.

Controlling the Wet-Bulb Temperature—Ventilation

One of the most efficient energy saving strategies, but also one of the least used, is the proper use
of a wet-bulb thermometer. Measuring the wet-bulb temperature also allows the grower to
control and monitor the actual leaf temperature as long as the leaf contains sufficient moisture.
Monitoring the leaf temperature will help to avoid the curing problems mentioned previously in
this chapter. To control the wet-bulb temperature, and therefore relative humidity, the fresh air
intake damper is adjusted manually, typically in small increments. Opening the damper increases
the fresh air intake or ventilation rate, which decreases the wet-bulb temperature and relative
humidity. Closing the damper decreases the ventilation rate and increases the wet-bulb
temperature and relative humidity.

Growers who do not measure or monitor the wet-bulb temperature are almost certain to over-
ventilate to avoid browning or scalding the tobacco. It only requires a few degrees difference in
the wet-bulb temperature to significantly increase or decrease the drying potential of the air,
especially during the early stages of the curing schedule when the dry-bulb temperature is only a
few degrees higher than the wet-bulb temperature. As the damper opening is increased, the
ventilation rate and fuel consumption increase. Fuel consumption increases because heat energy
is required to raise the dry-bulb temperature of the volume of ambient air coming into the barn.
The amount of energy wasted increases as the dry-bulb temperature increases, which is highest
during the stem-drying phase.

As the damper opening increases, less air is recirculated inside the barn and more air is
exhausted out the vents. The air that exits the top of the boxes and goes out of the barn will
seldom be saturated, which means that some of the available heat energy in the air will be lost to
the outside. Curing with a lower than recommended wet-bulb temperature will increase the
quantity of wasted heat. Additionally, overventilation during yellowing may result in accelerated
drying, setting the color green, especially on the bottom of the boxes or racks that are in contact
with the air first.

A barn with excessive air leaks may make it difficult to maintain the desired wet-bulb
temperature and, therefore, the relative humidity as well. Excessive leaks increase the infiltration
of fresh air pulled in by the fan to compensate for the air exhausted. This wastes fuel and energy
because the air is exhausted out of the barn before it passes through the tobacco. Although most
dampers are adjusted manually, they can be adjusted automatically. Automatic damper
adjustment devices use the wet-bulb temperature measurement as a control signal to a fractional
horsepower motor that is connected to the damper. The motor adjusts the damper opening for the
desired wet-bulb temperature.

Regardless of whether damper control is manual or automatic, if the wick on the wet-bulb dries

out, the measured temperature is higher than the actual wet-bulb temperature. As a result, the

damper is opened in an attempt to lower the wet-bulb temperature, which leads to

overventilation. Therefore, keeping the wet-bulb wick from becoming too dry during curing is

critical to proper ventilation control. Growers may have noticed that curing with heat exchangers
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has resulted in less ventilation (a narrowing of the damper opening) than direct-fired curing for a
desired wet-bulb temperature. The indirect-fired heating system externally vents all of the water
vapor produced during the combustion process, resulting in a drier heat. Although good cures
can result from guessing the wet-bulb temperature, over-ventilation and increased fuel
consumption are almost guaranteed.

A wet-bulb thermometer or hygrometer can be purchased from your fuel dealer or an agriculture
supply merchant. An inexpensive homemade wet-bulb thermometer also can be constructed from
1 inch PVC components. The homemade wet-bulb has a larger water reservoir to minimize
replenishing during curing as compared to the hygrometer. Contact your local cooperative
Extension agent to obtain additional information about constructing a homemade wet-bulb
thermometer.

Wet-Bulb Thermometer Location

The drying process occurs at a constant wet-bulb temperature. Therefore, the wet-bulb
temperature should be the same below and above the tobacco. However, the dry-bulb
temperature below the tobacco will be greater than above. As the air passes through the mass of
tobacco, the moisture content increases and the temperature decreases due to the evaporative
cooling. To obtain the most accurate wet-bulb temperature, a few guidelines are suggested.

1. Place the wet-bulb thermometer far enough away from the burner output to ensure
adequate mixing of the air, but in a location with sufficient air movement across the wick
for evaporation. Typically, the wet-bulb is positioned on the floor below the curing
containers near the front of the curing barn. This allows easy access and is in an
environment with sufficient airflow.

2. Monitor the wet-bulb thermometer reservoir and maintain it with water to keep the wick
wet at all times. Change or wash wicks frequently due to the decrease in water absorption
that commonly occurs. Impurities in the water and the unforgiving curing environment
contribute to the decrease in moisture absorption. Remember, if the wick becomes dry, the
wet-bulb thermometer will indicate an incorrect wet-bulb temperature, which will result in
over-ventilation and increased fuel consumption.

MAKE SURE YOUR EQUIPMENT AND BARN ARE ENERGY EFFICIENT
AND WELL MAINTAINED

Top-quality tobacco is not likely to come out of a barn with an improperly adjusted burner,
faulty or inaccurate curing controls, or multiple sources of air leaks. Not only will the quality of
the tobacco be lower, it will cost significantly more to cure if the equipment, barn, or both are
poorly maintained.

It is important to follow any annual maintenance requirements re-commended by both the heat
exchanger and burner manufacturers to ensure both units are functioning at their optimum levels.
The burners should be annually inspected and adjusted to establish the correct amount of excess
air, which will ensure complete burning of the fuel and minimize fuel consumption. Also, any
electronic controls should be inspected to ensure proper operation. The heating systems are not
unlike other mechanical systems that require annual inspection and service to maintain a high
level of performance and prolonged life.
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Burner Efficiency

Combustion is a chemical process. A burner facilitates the conversion of the chemical energy
contained in the fuel to heat. All fuels contain a certain and fixed heat content per unit measure.
For example, if a liquefied petroleum gas (LPG) burner were 100 percent efficient, it would
produce approximately 90,500 British thermal units (Btu) for each gallon of LPG burned. In
practice, some of the fuel passes through the burner unburned and is, therefore, wasted. A well-
designed and -maintained burner limits this waste to no more than 1 or 2 percent.

The single greatest reason for burner inefficiency is too little or too much air. In theory, a precise
quantity of air is required to completely burn a precise quantity of fuel. Because of incomplete
mixing, a limited but very important amount of excess air is required to produce complete
burning and the highest efficiency. When too little air is present, the burner will produce partially
unburned fuel or smoke. Smoke not only wastes fuel but can deposit soot inside the heat
exchanger, where it acts as insulation. Even a thin coating of soot can reduce the heat exchanger
efficiency considerably. It has been estimated that a 1/8-inch layer of soot accumulation on the
heat exchanger surfaces can increase fuel consumption by approximately 8 percent.

When too much air is present, the excess air cools the combustion gases and carries heat out
before it can be captured by the heat exchanger. Adjusting the correct air-fuel ratio on a burner is
essentially the same as adjusting the air-fuel ratio on an engine carburetor. Although an
approximately correct burner air-fuel ratio may be set by eye (a blue instead of orange flame),
the proper air-fuel ratio can best be achieved with a combustion analyzer.

Most fuel dealers have some type of combustion analyzer and the experience to assist with
adjusting the heat exchanger burner. The combustion analyzer probe is inserted into a small hole
drilled in the heat exchanger exhaust stack. The most accurate location in the stack to perform
this test is where the pipe first exits the barn. At this location, any additional heat in the pipe is
not transferred to the curing air inside the barn. Combustion analyzers are quick and easy to use,
and they can assist with significantly reducing fuel costs each year. In addition your local
cooperative Extension agent can assist with questions about this procedure.

Adjusting the Burner

Most combustion analyzers have sensors that measure the carbon dioxide (CO;) and oxygen (O,)
concentrations in the exhaust stack, which are expressed as percentages. These measurements are
used to adjust the excess air level on the burner. Typically a fresh air inlet vent or shutter on the
burner fan is adjusted until the desired excess air level is obtained. As the excess air is increased,
the percentage of CO, decreases and the percentage of O, increases, which results in wasted fuel
and cooler flame temperatures. The excess air acts as a heat sink and absorbs significant amounts
of the heat energy released during the combustion process, which significantly decreases the
flame temperature.

The general practice is to supply 5 to 50 percent excess air depending on the fuel type,
combustion equipment, and other factors. Since LPG and natural gas are already in a vapor form
when mixed with air, they typically require less excess air than fuel oil. Also refer to the burner
manual for any additional information or recommended excess air values. The manual may list
the fan shutter setting for a given burner firing rate (Btu/hr), but a combustion test should always
be performed to verify the excess air percentage. The goal is to minimize the excess air quantity,
but provide enough to ensure complete combustion. The correct quantity of excess air will result
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in higher flame temperatures, increase contact time between the hot combustion gases and heat
exchanger surfaces, and minimize soot accumulation. As a result a properly tuned burner will
increase heat transfer.

Some combustion analyzers calculate and display the excess air percentage based on the CO, and
O, measurements. Additionally, the exhaust gas temperature, combined with the excess air
parameters, can be used to calculate and display the thermal efficiency, expressed as a
percentage. Thermal efficiency is a measurement of how well the heating system is converting
the fuel into usable heat energy at a specific period of time in the operation of the heating
system. The thermal efficiency is complicated by the performance of the burner and heat
exchanger acting as a single unit. Because some of the heat will always be lost up the exhaust
stack, a thermal efficiency equal to and exceeding 80 percent should be targeted. An ideal stack
temperature is in the range of 350 to 450°F. The heat exchanger and burner work together.
Consequently, a properly tuned burner can assist with significantly improving the heat exchanger
performance.

Heat Exchanger Efficiency

The energy efficiency of the heat exchanger is the percentage of the total heat entering from the
burner that is extracted (exchanged) for practical use inside the barn. For the heat to be
exchanged from the burning flue gases, it must pass through the walls of the heat exchanger.
Many factors influence the exchange capacity and hence the efficiency of the heat exchanger.
These include the shape and size of the heat exchanger, its material type and thickness, the rate
of hot gases flowing inside the heat exchanger, and the rate of air flowing over the outside
surfaces of the heat exchanger. Additionally, the rate of heat generation by the burner (Btu/hr)
greatly influences the efficiency of a particular heat exchanger.

The correct burner-firing rate should be checked annually. Typically the burner-firing rate is
350,000 to 500,000 Btu/hr, which depends on the amount of green tobacco loaded, fan output,
and other factors. A burner operating at a high capacity can easily overwhelm a modest heat
exchanger designed for a smaller burner. Most modern fuel oil and LPG burners are adjustable in
capacity (Btu/hr) over a considerable range. For the most efficient operation, balance the burner
and heat exchanger. The burner/heat exchanger system will operate most efficiently when the
burner is operating at the lowest capacity that will allow the barn to maintain the desired
temperature. The most heat is required during the early part of leaf drying when the barn
temperature should be between 125°F and 135°F. Adjust the heat output of the burner so that the
burner is operating nearly continually during this time. For example, a burner that is on for a
minute and off for several is probably operating at too great an output and inefficiently
overwhelming the heat exchanger. Further, in the short time the burner is operating, the heat
exchanger may be getting red hot, inducing severe thermal stresses in the metal and ultimately
shortening its life.

An Energy Efficient Barn

A statewide bulk barn energy audit program 20 years ago demonstrated conclusively that the
quality of cured tobacco as well as the cost of curing depended heavily on the barn’s condition.
Fuel savings as high as 50 percent were documented when poorly maintained barns were
thoroughly reconditioned. A bulk curing barn is not so much a structure as a piece of equipment.
And like any piece of equipment, it requires (and deserves) periodic maintenance to keep it in
good shape. A good barn maintenance plan should consider the whole barn.
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Curing fuel is a significant cost of tobacco production. Even a brand new, well-insulated bulk
barn uses only about 60 percent the heat value of the fuel to cure the tobacco. The remaining 40
percent of the heat is lost through the walls of the barn by conduction and radiation, out the
exhaust stack, or through air leaks. Leaky and poorly maintained barns without insulation, on the
other hand, may waste as much as 60 percent of the fuel. Many growers don’t realize how much
fuel their older barns are wasting until they put a new barn down beside their old ones. The
difference in fuel use sometimes can be startling.

Most bulk barns are situated on a 4-inch-thick pad of concrete. Some are insulated, but most are
not. This is unfortunate. Test after test has shown that even a small amount of insulation will
reduce the amount of fuel used and pay for itself several times over during the life of the barn. It
may be too late to do much about an uninsulated pad now. But if you are thinking of putting in a
new barn or moving an old one, you should consider placing an inch of foam insulation under the
concrete.

All of the bulk barns made today have insulated walls and ceilings. Some of the older ones do
not. Nothing can reduce the cost of curing like properly installed insulation. There are several
ways to insulate a bulk barn. Growers have used fiberglass batts and foam board with some
success. However, experience has shown that the best all-around insulation for a bulk curing
barn is sprayed-on polyurethane. In addition to its excellent insulation properties, sprayed-on
polyurethane will seal cracks and openings. One-half to 3/4-inch of sprayed-on polyurethane
insulation is usually sufficient. Doubling the thickness of insulation will not double the saving.
Be careful to keep the insulation off the rails of rack-type barns and other places where it may be
rubbed off and mixed with the tobacco. Pieces of polyurethane insulation are very difficult to
remove from cured tobacco and will result in very serious contamination issues. All barns now
must completely cover the insulation with sheet metal to prevent contamination.

After a few years, even the most well-constructed barn will develop cracks and gaps. The natural
daily cycle of heating and cooling will loosen screws, nails, and staples that secure the roofing
and siding. A few minutes spent with a screwdriver and hammer will be time well spent. Doors
are particularly noticeable sources of maintenance problems. Hinges work loose, and gaskets get
hard and torn and need periodic replacement. It is also a good idea to reseal the foundation joint
with a good grade of butyl caulking compound. A 15-foot-long, 1/4-inch gap between the
foundation channel and the pad can increase curing costs by 10 percent.

CURING EFFICIENCY

While the thermal efficiency is the combined efficiency of the combustion process and heat
transfer (burner and heat exchanger), we must consider the entire process of tobacco curing to
understand efficiency. In essence, curing efficiency is the system efficiency (barn plus burner
and heat exchanger) and bottom line that can be quantified in pounds of cured leaf per gallon of
fuel consumed. For example, if you are taking out 3,000 pounds of cured leaf per barn and the
fuel consumption was 300 gallons of LPG, that would indicate a curing efficiency of 10 pounds
cured leaf per gallon of LPG.

These numbers may vary considerably, even in the same barn over a curing season, because they
are affected by such factors as barn loading rates, stalk position, weather conditions, the
condition of the tobacco, and curing management. Because some of the heat is lost up the stack
with a heat exchanger, a burner/heat exchanger delivering the same amount of heat (in terms of
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Btu/hr) to the curing barn as that delivered by a direct-fired system will necessarily require more
fuel. Surprisingly, however, some growers reported no increase in fuel use or even that their
retrofitted barns use less fuel. There are several possible explanations, with the most likely being
that many of the direct-fired burners needed maintenance and adjustments.

Increasing the loading rate will increase curing efficiency, but the limiting factor is providing
adequate airflow through the tobacco. Regardless of the amount loaded, if the available airflow is
not enough to remove the water and maintain the proper leaf temperature, curing problems will
certainly occur. Due to the high variability in fan output between different barn manufactures
and barn/heat exchanger combinations, the appropriate green weights loaded per box can vary
significantly for the same stalk position. Some of the heat exchanger retrofits may restrict
airflow, thus reducing the fan output as well. Although higher curing efficiencies may be
obtained, these values are a result of applying energy efficient strategies. You can compare these
values with those from your curing barns to assist with evaluating your curing system
performance.

The following four tables are from curing efficiency studies conducted on South Carolina farms
in 2008. On each farm 5 to 8 cures were conducted in two comparable barns. In 2007, at each
location one barn was equipped with an automatic curing controller that included automatic
damper controls for moisture management. On the other barn, curing and damper control was by
the producers. In 2008 automatic damper controller studies were conducted on 3 additional
farms with one repeating. In 2007 the automatic damper controller improved the curing
efficiency from - 6.5% to 12.4% (see Table 1). In 2008 the curing efficiency improved from 0 —
55%, see Table 2, (or -13 gallons to +1007 gallons saved). In 2008, four growers added
insulation to older curing barns and found that fuel efficiency was improved by -7 to +30%, see
Table 3, (or -118 to +671 gallons saved). At one 2008 location both automatic damper controls
and additional insulations were utilized, see Table 4. In this study curing efficiencies improved
from 8 — 46%. In addition, these studies illustrate that there is tremendous need for educational
efforts to improve curing efficiency through improved burner efficiency, providing better
insulation, and improving overall curing management.

Table 1. 2007 Curing Efficiency Studies — South Carolina

With Automatic Damper Without Automatic Damper
. Control Control % Fuel
Location Lbs Savings
Gal LP gas Gal LP gas Lbs cured/gal g
cured/gal
A 265 11.1 286 9.9 7.4
C 368 7.4 399 6.8 7.7
D 315 8.7 332 8.3 5.1
E 233 12.1 262 11.2 10.8
F 288 104 329 9.1 12.4
G 368 7.3 345 7.6 -6.5

*Average 6 — 8 cures
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Table 2. Effect of Automatic Damper Control on Curing Efficiency — 2008 — South Carolina

_ Automatic Damper Control* Check Barn %
Location** Glgljlglns Ibslgg 1:red lbs/gal Gg:ce)lns Ibslg; fred lbs/gal Savings
A 410 2850 7.0 410 2750 6.8 3
B 464 2680 5.8 447 2594 5.8 0
D1 407 2640 6.5 583 2450 4.2 55
D2 433 2593 6.0 583 2450 4.2 43
E 317 2886 9.1 393 2643 6.7 36

*Location A = Bulk-to-bac Damper Control

Locations B, D1, and E = Cureco Damper Control
Location D2 = Marco Damper Control
**Average of 5 — 7 cures each

Table 3. Effect of Additional Barn Insulation on Curing Efficiency — 2008 — South Carolina

' Check Barn Insulated Barn %
Location” Gal Fuel Ibslgg]red Ibs/gal | Gal Fuel Ibslg;fred lbs/gal | Savings
A 506 2871 5.7 381 2827 7.4 30
B 447 2594 5.8 471 2539 5.4 -7
C 363 2300 6.3 361 2413 6.7 6
E 393 2643 6.7 333 2913 8.7 30

*Average of 5 — 7 cures each

Table 4. Curing Efficiency Studies* - 2008 — South Carolina

System Gal Ibs cured leaf Ib/gal %I\IInAc[geélere Ig\ller
ADC + | 286 2808 9.8 46
ADC + NI 317 2886 9.1 36
NADC + | 333 2913 8.7 30
NADC + NI 393 2643 6.7 --

ADC = Automatic Damper Control, NADC = No Automatic Damper Control, | = Insulation Added, NI = No

Insulation Added
*Average of 5 cures

Many South Carolina tobacco producers have installed automatic damper control systems on their curing barns and
have saved considerable fuel with these unit. The producers have been assisted by a USDA- Rural Development cost

sharing program.




FARM GENERATED ELECTRICITY

From time to time, it is very advantageous to generate electricity on farm. Public utilities do a
superb job of delivering needed electrical energy to farms most of the time. However, there are
occasions when this flow of vital energy is interrupted due to no fault of the power company.
For smooth operation, most of us are dependent upon a steady uninterrupted flow of electricity to
our homes and businesses. If we have a critical operation, then we should take it upon ourselves
to be prepared for temporary interruption of electrical service from the local utility. Most
tobacco growers fall into this category due to the critical nature of the curing process.

It is not always a hurricane that causes the problem--even though hurricanes generally cause the
most widespread long term outages--but a thunderstorm, or a traffic accident, or something as
simple as a tree falling on the power lines can take out the electrical service during a critical state
of curing. What can we do? Plan an emergency or standby generation system. The system
needs to be able to disconnect your electrical load from the utility lines and provide generation
capable of starting and operating all equipment you deem necessary.

Generators

Standby power units for the farm can be grouped into two basic categories: power takeoff (PTO)
or self-contained engine-driven units. There are significant advantages to either system. Power
takeoff units are the least costly. Self-contained units can be activated much quicker than PTO
units and even be made to automatically come on-line in event of a power outage. Fortunately,
tobacco curing is not so critical that an automatic system is required to immediately switch on
the standby unit in event of an electrical outage. A PTO unit is satisfactory for tobacco curing;
however, you need to be prepared and know how to get a PTO generator operational in a
reasonable length of time.

One of the first questions asked is how big a unit is needed; that depends upon the load, of
course, but understand one important fact--it takes a lot more power to start an electric motor
than it does to keep it running. In fact, it takes four times as much to start a motor as to keep it
running. So, if you have more than one motor, DO NOT try to start all of them at one time!
Tobacco farmers are fortunate, because most of the barns do not automatically restart following a
power interruption. For most operators, it is necessary to go to each barn to get it restarted. This
walking time between each barn is an acceptable time delay mechanism for getting multiple
barns back into operation. If the motors automatically restart, then an approved electrical time
delay mechanism should be installed in each motor starting circuit.

Most generators are rated in watts, or sometimes kilowatts. The following table will guide you
in selecting the size of generator for standby operation.
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Starting and running requirements of commonly used 240 volts, 60-Hz, single phase

motors.

MOTOR APPROX. WATTS REQUIRED | WATTS REQUIRED
HP AMPS TO START TO RUN
RATING | (FULL LOAD) CAP. START (FULL LOAD)
1/2 4.9 2,300 575
3/4 6.9 3,345 835

1 8 4,000 1,000
2 12 8,000 2,000
3 17 12,000 3,000
5 28 18,000 4,500
7-1/2 40 28,000 7,000
10 50 36,000 9,000

For example, if you have four barns that have 7-1/2 hp motors, starting them all at once would
require a 112 Kilowatt generator. (4 X 28,000). By starting one at a time, you can operate with
about half that size. Then, you can start and run the barns with a 50,000 watt (50 kW) generator
(28,000 + (3 X 7000)). To minimize wear and tear on the generator it is best to oversize a
generator about 10 percent.

Transfer Switch

For a permanent installation, the wiring and equipment should meet the requirements of the
National Electric Code (NEC). Any standby generator should be connected to its load in such a
manner that there is no possibility of energizing the incoming utility lines. By energizing the
utility lines, some of your generated electricity may be sent to your neighbors, and more
seriously, running the risk of electrocuting workers servicing the lines. Also, the generator may
be damaged when power is restored. JUST DON'T DO IT.

Single phase generators should be connected to the electrical lines by a double-pole,
double-throw transfer switch. This switch connects your farm load to either the utility lines or to
the standby generator, but not both at the same time. For questions as to the proper installation,
contact your local power supplier or a qualified electrician.

To operate a PTO generator, use a tractor with a power output of at least 2 hp for each kilowatt
output of the generator. In the example of the four barns with 7-1/2 hp motors, at least a 100 hp
tractor is needed to operate the 50 kW generator. It is important that the generator be operated at
a steady speed to maintain the frequency at 60 Hz + 3 Hz.
If you have the right equipment and have it connected properly, on-farm generated electricity can
get you safely through an emergency with minimal losses.
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TOBACCO BALING

The dimensions of the flue cured tobacco bale have been standardized at 42 inches tall, 42 inches
wide, and 40 inches deep. The desired weight is 750 pounds with a limit of plus or minus 100
pounds. Some bales over 850 pounds have been rejected. Each bale is to be tied with at least 4
wires. The most widely used wires are 144 inches long. Each bale is to have a cardboard
slipsheet on the bottom and partly on two sides. Moisture content should be in the 14 to 16
percent range. Higher moisture content tobacco is easier to compress, but it is more likely to rot
within the bale. Moisture meters can be used as a guide to moisture content, but generally they
do not give a precise measure of average moisture. Experience is the best guide. If tobacco will
keep in a sheet, then it will keep in a bale.

Any equipment that will produce a bale of the size and weight specified will suffice for baling
flue-cured tobacco. There are numerous manufacturers that sell balers costing anywhere from
$5,000 to $35,000. Some growers have constructed balers at little or no significant cost. The
goal is to get a bale compressed and tied to meet the desired specifications.

The pressure that it takes to form a bale varies with the speed at which the bale is compressed.
Rapid compression such as that used in many of the commercial balers requires up to 40,000
pounds of force to obtain the appropriate density. Get a baler that will fit into your operation.

Buyers look for premium quality. Cleaning the tobacco by sorting out the stalks, grass, and
oxidized leaf will improve the desirability of the bale.

BALE STORAGE

Flue-cured tobacco that is to be carried over needs to be protected from moisture accumulation
and insect invasion. The safest environment for storing carry-over tobacco is in racks or boxes
in the curing barn. A second choice would be sheet storage in a dry, clean structure with good
air circulation around and under the sheet. If storing in bales is necessary, then bales need to be
put up dry and stored in a dry place thus maintaining low moisture throughout the winter and
spring months to prevent rotting. A burlap covering or something similar will protect the bale
from dust accumulation while in storage. Routine inspection of carry-over tobacco is a must,
especially in the late spring.

Insect invasion can be a serious problem. During preliminary testing of various storage
treatments with carryover tobacco from the 1998 crop, there was one location where no insects
were found in any of the tobacco. The conclusion reached is that starting with clean tobacco and
storing it in a clean environment reduces the chance of having an insect problem. However, in
two other locations, the only tobacco that did not have insects present at the end of the storage
season was the fumigated tobacco. The insect free tobacco was fumigated and kept covered
throughout the storage period. All other tobacco in the test had some infestation of cigarette
beetle at the end of the storage period. There did seem to be some reduction in cigarette beetle
infestation in covered tobacco which may have excluded some insects. The best opportunity for
successful storage of tobacco on the farm starts with clean, dry tobacco (and keeping it that way)
plus providing good air circulation. If it is necessary to fumigate the tobacco then it should be
fumigated by a professional. If storing bales is necessary, place the bales on pallets with
adequate spacing to allow good air circulation.
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HEAT EXCHANGERS

Recently, tobacco specific nitrosamines (TSNA) have received a lot of attention. Research has
shown that TSNA in cured leaf can be significantly reduced by preventing exhaust gases from
direct-fired curing from entering the curing chamber. This curing system change has been
accomplished with only minor changes in cured-leaf quality and energy efficiency.

TSNA can be reduced by converting direct-fired barns using heat exchanger technology. A cost
sharing program was used to help producers ease the financial burden of converting direct-fired
barns to heat exchanger technology. All phases of the tobacco industry, including tobacco
companies, barn manufacturers, heat exchanger manufacturers, and producers worked together to
convert all barns to heat exchanger technology prior to the 2002 curing season.

Some producers have had problems with low efficiency of their curing units while others lost
barns to fires. Curing units should be checked by a qualified technician prior to the curing
season to minimize potential problems.

In an effort to reduce TSNA’s in cured leaf, producers should check their curing units for leaks
in the heat exchangers. Cracks in the metal or welds can result in gases escaping into the curing
barn. In some cases a high temperature (2300°F) sealant can be used to improve the joint union
between the heat exchanger and the exhaust stack. CO, meters can be used to identify barns with
exhaust leaks.

Increased CO, levels inside the curing chamber once the barn has been fired indicate leaks in the
heat exchanger from cracks or poorly connected stacks. If problems are indicated, the heat
exchanger should be inspected closely for cracks or loose joints. Bright light or a smoke bomb
inspection will help find cracks or loose joints. Bright light or a smoke bomb inspection will
help find both. Annual inspection of heat exchangers is a must!
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GREENHOUSE ENGINEERING
Gerald Christenbury

Greenhouses can provide an excellent controlled environment for plant production, provided
they are designed and operate efficiently. The greenhouse should provide uniform lighting,
heating, and water to all plants or seedlings within the structure. Orientation, the structure itself,
heating, and ventilation are key factors in having a successful greenhouse operation.

ORIENTATION

One of the first decisions is related to location of the facility. Convenience is obviously a major
factor and the proximity to an abundant supply of quality water and electricity. A considerable
amount of time will be spent in the greenhouse, so the facility needs to be readily accessible. An
adequate water supply is extremely important; for example, to fill a water bed to a depth of 6
inches requires 3.74 gallons per square foot, or for a typical 30 X 100 greenhouse, 11,200 gallons
of water are required.

Light is a major factor in plant production. The orientation of the structure will affect light
uniformity in the growing area. A north-south orientation is generally best in South Carolina.
This orientation minimizes the shading effect of structural members due to the movement of the
shaded areas throughout the day.

Shading from outside structures, such as buildings or trees, should be avoided. Wind breaks can
be beneficial, but they should not be so close as to shade the greenhouse.

THE STRUCTURE

Any number of structures are suitable for growing tobacco transplants. It really depends upon
the grower's choice and how they plan to operate the facility. A wood frame structure covered
with plastic can do just as good as a steel structure covered with glass.

Several materials are available for covering a greenhouse. A double layer of polyethylene is the
most common, due to its durability, low cost, effectiveness, and ease of installation. Glass,
acrylic, and polycarbonate provide better light transmission characteristics and are longer lived,
but are much more expensive to install.

A double layer of polyethylene is the most common choice for greenhouses in South Carolina.
Two layers are used to decrease heat loss through the surface. The outer layer is most often 6
mil, while the inner layer can be either 6 or 4 mil. Most greenhouse films are treated with an
ultraviolet light absorber to extend the life of the film for several years. Untreated polyethylene
will last only a few months when exposed to sunlight. It is necessary to keep the two layers
separated to obtain the insulating benefits of the double layer. Keeping the outside layer taut
also minimizes risk of wind damage.
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HEATING

Adding heat to a greenhouse can protect plants from freezing, speed germination, and accelerate
seedling growth. The amount of heat required depends primarily upon desired inside
temperatures, the greenhouse covering materials, and the amount of air leakage. With a double
layer polyethylene house that is reasonably tight, a furnace sized to deliver between 75 to 100
BTU's/sq ft/hr will be sufficient under most South Carolina conditions.

There are several ways to heat a greenhouse: space heat, radiant heat, and/or zone heat. Space
heat is simply heating the air, which in turn heats the soil and plants. When heating is required,
the air will be 10 to 12 degrees warmer than the soil. Heaters should be controlled by an
aspirated thermostat located near the center of the greenhouse and near the growing area.

Radiant heat does not directly heat the air but heats the soil and plants directly. The air should be
cooler in a radiant heated house, because the heaters should be controlled by soil temperature. In
this system, the soil will be warmer than the air, which is exactly opposite from the space heated
house.

In the field test in Florence County, when comparing radiant heat to space heat, the same amount
of energy was used during the same time period, but plants in the radiant heated house grew
much faster. The radiant heated house could have been started several weeks later than the space
heated house, thus saving considerable energy in the early part of the season.

Zone heating implies adding heat just to the place where it is needed most. Heating the water in
a float system or putting heat underneath benches will heat the root zone of the plants, which will
increase the rate of growth. Adding heat to the water-bed system increased stem diameter and
root mass of tobacco seedlings, but may enhance Pythium disease.

VENTILATION

Every greenhouse should be equipped with at least two air handling systems. One system is an
air exchange system and may be drop sidewalls, or fans and louvers. If properly designed,
natural ventilation can be effective but is more difficult to control. If the greenhouse is to be
used during the summer months, it most likely needs to be equipped with exhaust fans that will
deliver at least one air exchange per minute.

The second air handling system that should be in every greenhouse is for air circulation. Air
circulation is important to maintain uniform conditions within the house, facilitate growing, and
minimize disease losses. The circulation fans should be operated 24 hours every day unless
ventilation fans are operating during the day. Continuous air circulation will minimize
condensation problems.

The two systems currently being used for air circulation are the convection tube and the

horizontal air flow (HAF) system. Either system will improve growing conditions and help
produce a uniform crop.
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The convection tube is a polyethylene tube that runs the length of the house and forces air
through holes spaced along the tube. This system is best suited for houses that have a lot of
obstructions. The HAF system circulates air within the house by having opposing fans on each
side of the house to move the air in a circular motion around the perimeter of the house. The
HAF system requires a little less energy to operate, and the initial cost is about the same as the
convection tube system.

HUMIDITY CONTROL

Ever had dripping in your greenhouse? Large water drops can play havoc with young plants, and
can cause disease problems! To do something about the dripping in greenhouses, there are two
approaches to take. Either control the dripping, direct the drips to where you want them, or
minimize the amount of condensation that causes dripping.

In order to make drops fall where you want them, it may be necessary to modify the greenhouse
structure. The slope of the plastic and any component that intercepts the drop as it moves down
the plastic will affect where it falls. The plastic on most Quonset structures has a flat section in
the middle where drops form. When the drops get large enough, they fall along a wide band
down the middle of the house. Drips also form where the plastic touches purling along the sides
of the house. Moving the plants may be the best solution here because the drips are in a narrow
band.

"No-Drip" plastic has a surface treatment that allows the condensate to move down the plastic
before it forms into large drops. This feature does not help much in the middle of the house
where the plastic is horizontal. However, it does allow drops to sheet off the sides of the
greenhouse until they come in contact with something that will allow the moisture to consolidate
and form a drip. So, there is some control over where the drips form in your greenhouse, or else
move the plants out of the way of the drip.

The second approach at your disposal is to control the amount of condensate that collects on the
surface of the greenhouse. Moisture drops will form whenever a surface reaches or falls below
the dew point of surrounding air. This is the same principle that causes condensate on an ice tea
glass in summer. The higher the relative humidity, the higher the dewpoint for a given air
temperature. So, to control drips, either lower the relative humidity or raise the surface
temperature of the plastic. Raise the surface temperature by blowing air across the surface. This
is one of the benefits of providing continuous air circulation in the greenhouse. If there is a
convection tube down the center of the house, turn the vent holes up so that the air washes across
the plastic. Drips will likely not form where air strikes the plastic. This continuous air
movement will minimize condensation, but it takes a lot of air to eliminate all condensation and
for most situations it is nearly impossible. If the surface temperature cannot be raised, then
relative humidity must be lowered to eliminate dripping.

The simplest method to lower relative humidity in cold weather is to bring in outside air and heat
it. Heated air will absorb moisture, which can then be exhausted. There is a trade-off: the cost
of heating the cold air versus the damage done by dripping. The best option may be to minimize
the dripping by providing good air circulation and keeping the relative humidity as low as
possible inside the greenhouse.
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Often one of the overlooked factors in drop formation is timing of drop formation. The
maximum radiation cooling occurs just after daybreak. At that time the plastic is losing heat at a
maximum rate, or drop formation is fastest. The rapid drop formation is not just because of high
humidity in the greenhouse, but also due to the rapid heat loss from greenhouse plastic. As soon
as solar gain in the greenhouse increases, the drop formation will cease. There will continue to
be some dripping, but after the sun begins to warm the greenhouse, there will be no new
condensate added to the drops. It takes time to evaporate all the water that is contained in the
drops, depending upon the amount of solar radiation and humidity of the inside air.

88



PROTECTING WATER QUALITY

Dewitt T. Gooden

Concerns about the detrimental effects of non-point source pollutants, such as nutrients and
pesticides, on surface and ground water require producers to manage fertilizer and pesticide
usage with safety and responsibility. Several factors influence potential water quality problems,
including soil properties, mobility of fertilizer nutrients and pesticides in the soil, and the toxicity
of the pesticide used. Sound soil conservation practices will significantly reduce the impacts of
fertilizers, pesticides, and sediment on water quality. In addition to carrying phosphorus and
certain pesticides, sediment in itself can degrade water quality. Soil conservation techniques
such as grassed waterways, buffer strips, and contour planting should greatly reduce movement
of sediment, phosphorus and pesticides into surface water. Other factors, such as soil texture,
permeability, slope of land, depth to the water table, tillage, litter cover, and organic matter have
a significant impact on whether fertilizer nutrients or pesticides might reach surface or ground
water.

Nitrogen and phosphorus are major contributing factors in excessive algae growth in surface
water. Algae can deplete the oxygen content of surface water, leading to death of aquatic
organisms.  Nitrate can contaminate ground water, making it unsuitable for drinking.
Ammonium, although not as mobile as nitrate in soil, is rapidly converted to nitrate in soil and
water. Not exceeding the recommended amount of nitrogen will reduce impacts on ground and
surface water as well as aid in production of a quality crop. Particular care needs to be taken
when adding extra nitrogen to correct nitrogen deficiency. Apply additional nitrogen only if
required, and then apply the least amount needed to correct the deficiency. Phosphorus is bound
tightly to clay particles and thus has a low leaching potential. However, loss of sediment by
runoff will also result in loss of phosphorus with possible impacts on surface water quality.
Most soils that have a history of tobacco production are high or very high in phosphorus and
require only a small application each year. Use soil testing, and do not exceed the recommended
rate of phosphorus.

Proper design and management is essential for minimizing the environmental impacts of
greenhouses. It is essential that a check valve (back-flow preventer) be installed between the
water supply and any chemical or fertilizer injection equipment to prevent contamination of the
water supply. Proper selection and rates of float water fertilizer will help minimize the nutrient
content which must be disposed of after the seedlings are transplanted. Use care when disposing
of used float water. These solutions can be high in nitrogen and phosphorus. Do not discharge
the solution into drainage ditches or waterways. A good disposal method is to spray the solution
uniformly onto cropland and then incorporate lightly. Tobacco skip rows or soybean land are
good disposal sites. An excellent alternative to land application is the use of used float water for
transplanting tobacco. Used plastic from the float bed may contain nutrients on its surface and
should be disposed of in a sanitary landfill.

The decision to use a pesticide should be made in the context of the overall pest management

program in place. Factors that influence this decision include crop rotation, use of pest
thresholds, use of resistant varieties and overall good cultural practices. When the need for using
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a pesticide is determined, the pest should be properly identified, and only an EPA-approved
pesticide for the target pest should be used. The pesticide should be properly applied for most
effective control with least non-target impact. Pesticides applied directly to the soil have a
greater probability of leaching or running off than if applied to foliage. Foliar application may
result in greater loss to the atmosphere, sunlight, or absorption, therefore reducing the amount
available for washing off and transport to water bodies.

In addition, the producer should make environmentally responsible pesticide selections. How
likely is a pesticide to reach ground or surface water? Run-off potential is a measure of the
danger of a pesticide reaching surface water. Pesticides that stay on the soil surface or are tightly
bound to soil particles have greater run-off potential. Leaching potential is a measure of how
likely a pesticide is to reach ground water. Soil applied pesticides which are not tightly bound to
soil particles have high leaching potentials. Mammalian toxicity is an indication of the health
risk at application or if the pesticide contaminates drinking water. Persistence is an estimate of
the length of time before the pesticide is degraded. Aquatic toxicity assesses the danger to fish if
the material reaches surface water. All of these factors should be considered to minimize
environmental impact when selecting pesticides.
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