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WELCOMMESSAGE

ON BEHALF OF
CORESTA

Lea SCOTT
President of the CORESTA Scientific Commissio

Dear Colleagues

It is a great pleasure to welcome you to the 2019 JGianhferenceof the Agronomy &

Leaf Integrity and Phytopathology & Genetics Study Groups of CORESTA, and to thank our
host, the Tobacco Research Board of Zimbabwe, for inviting us to Victoria Falls and for
their ongoing commitment to the work of CORESTAvould paticularly like to thank

the Organizing Committee for their considerable efforts to ensure the smooth running of
the event.

All of the SubGroups and Task Forces will report their achievements and progress, and |
would like to thank the Coordinators andc®etaries for the substantial effort and time
they contribute to ensure that all deliverables are aligned with our vision and meet our
YSYo SNAEQ S HhadSv@kidf theASBgréuds and Task Forces continues to be of
fundamental importance tour industry and we are appreciative of all the hard work the
members put forth to achieve their objectives.

On behalf of the Scientific Commission | would like to wish all delegates, particularly those
attending or presenting for the first time, a prodtive and enjoyable stay in Victoria Falls,
Zimbabwe.

Sincerely and respectfully

G.Lea SCOTTI
Universal Leaf Tobacco Company
Richmond, VA, U.S.A.

CORESTA AP2019 Conference



WELCOME MESSAGE

ON BEHALF OF
THE TOBACCO RESEARCH BOARD OF ZIMBABWE

Dahlia GARWE
ChiefExecutive Officer, Tobacco Research Board of Zimbabwe

Dear Colleagues

It is my singular honour and privilege to once again welcome many, many tobacco friends to
Zimbabwe for the Agronomy & Leaf Integrity, Phytopathology & Genetics Conference. Vhiyis a
special occasion, being the second time that the Tobacco Research Board is hosting the world
tobacco community, having previously hosted the 19@RESTEongress in Harare.

This time we will host the conference in the town of Victoria Falls, horae eimazing phenomena
and seventh natural wonder of the world, the mighty Victoria Falls or fd@3iunya (the smoke

that thunders) as the falls are locally knowshether you have been to the Victoria Falls before or
not, you are in for a treat! Be prepd to be met by the awnspiring beauty and grandeur of the
mighty Victoria Falls and to be overwhelmed by the warmth and hospitality of the Zimbabwean
people throughout your stay.

The Tobacco Research Board is the sole ca@am with a mandate to déact, control and carry

out research on all aspects of tobacco production in Zimbalitferms, therefore, the foundation

of the tobacco industry in the countryThe TRB has been a member @REST8ince 1961 and is

an active participant with researcrem the Scientific Commission and various Study Groups and
TaskFaces. This has enabled our researchers to contribute to topical issues in the Industry and
afforded them an opportunity to collaborate with their peers worldwide culminating in proactive
and relevant research.

To this end, the Zimbabwean tobacco industry is very vibrant, and the country remains a preferred
source of flavousstyle fluecured tobacco leaf.In the 2017/2018 season, in an-tthe record
Zimbabwe produced 252.5 million kg obficco and already in the current season, a new record of
255.8 million kg of tobacco sold had been sg&tiese tobacco sales bring economic prosperity to
tobacco growers and the industry as a whole and this is largely spurred by a vibrant, relevant,
pracical, costeffective and environmentally sustainable process of insightful research,
development and technology transfett is the quest othe TRB to continue to proactively and
timeously provide elite tobacco varieties, tobacco research informatiomyledge and technology

to enable Zimbabwean growers to attain high yields of the best quality tobacco crop.

Therefore, association with key players such as @&ESTBody is key to this procesS here is i
Ly | FNAOIY LINPOGSND ¢ Kquickl, gadioded If you Want&@girfag goy G G 2
0 2 3 S (weSanthedTRB, wish to go very far and this we can actigetherwith the CORESTA

family. We look forward to hosting you all and sharing a slice of Zimbabwean hospitality!

May your deliberation at the AP 2019 Conference be thoughtvokingand enlightening.

Yours sincerely

Dahlia GARWE
Chaiperson AR2019 Organising Committee

Harare, Zimbabwe

CORESTA AP2019 Conference 5
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SCIENTIFIC COMMISSION
and

STUDY GROUP EXECUTIVES
20182020

President: Lea SCOTT (Universal Leaf Tobacco Co., U.S.A))
VicePresident: Rob STEVENS (ITG Brands, U.S.A))

AGRONOMY & LEAF INTEGRITY STUDY GROUP

President: Anthony JACKSON (Premium Tobacco International DMCC, U.A.E.)
VicePresident: Masahiro MIYOSHUapan Tobacco Inc., Japan)

Secretary: Marcos LUSSO (Altria Client Services LLC, U.S.A))

Member: Limeng ZHANG (Yunnan Tobacco Group Co., Ltd. of CNTC, China)

PHYTOPATHOLOGY & GENETICS STUDY GROUP

President: Dongmei XU (Altria Client Services LLC, U.S.A.)
VicePresident: Susan DIMBI (Tobacco Research Board, Zimbabwe)
Secretary: Fabienne MORNE{T International GmbH, Germany)
Members: Francois DORLHAC (Imperial Tobacco, France)

Colin FISHER (University of Kentucky, U.S.A.)

SMOKE SCIENCE STUDY GROUP

President: Martin BLUMENSTOCK (British American Tobacco, Germany)
VicePresident: Paul HAR (RAI Services Co., U.S.A)

Secretary: Rob STEVENS (ITG Brands, U.S.A))

Members: Xavier CAHOURS (Imperial TobaEcance)

Kei YOSHINO (Japan Tobacco Inc., Japan)

PRODUCT TECHNOLOGY STUDY GROUP

President: Karl WAGNER (Altria CliSdrvices LLC, U.S.A))

VicePresident: Bin HU (Zhengzhou Tobacco Research Institute of CNTC, China)
Secretary: Bernhard EITZINGER (delfort AG, Austria)

Members: Guy JACCARD (Philip Moisducts S.ASwitzerland)

Jutta PANI(Imperial Tobacco, Germany)
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2019 CORESTA JOINT STUDY GROORSERENCE

AGRONOMY & LEAF INTEGRITY and
PHYTOPATHOLOGY & GENETICS

COMMITTEES

ORGANISING COMMITTEE

Dahlia GARWE (Chair)
Susan DIMBI
Dora MANYIKA
Grace CHINGOMBE
Rhoda MAVUKA

READING COMMITTEE

Susan DIMBI
Francois DORLHAC
Colin FISHER
Anthony JACKSON
Marcos LUSSO
Masahiro MIYOSHI
Fabienne MORNET

Dongmei X
Limeng ZHANG
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2019 CORESTA JOINT STUDY GROORSERENCE

SUBGROUP / TASK FORCE MEETINGS

Meetings Venue

Elephant Hills Hotel

300 Parkway Drive&/ictoria Falls, Zimbabwe

Tet +2631344793

https://elephanthillsresort.com/en/

Date Time Meeting Room
. ) BIO¢ Efficacy of Biological and EEdendly .
Saturday, 11:30¢ 12:30 CPAs Sulroup Matetsi
12 October ' ' i i
14:00¢ 16:00 RFT¢ Agrochemical Residue Field Trials Matetsi
SubGroup
9:00¢ 15:00 ACAQ; Agrochemical Advisory Committee Gwayi
11:30¢ 12:30 IPMc¢ Integrated Pest Manageme@ubGroup  Matetsi
. . TSNA; TSNA in Ai€ured and Fir€ured .
14:00 ¢ 15:00 Tobacco StEroup Matetsi
1??(ujndag/ ’ LNTR; Collaborative Study of Low Nicotine
ctober 15:00¢ 16:00 Tobacco Agronomic Production Practidesk Gwayi
Force
, , GMOc Proficiency Testing for Detection of .
16:00¢ 17:00 Transgenic Tobacco S@youp Gway
17:00¢ 18:00 TAGc Tobacco Alkaloid Genetigask Force Matetsi

CORESTA AP2019 Conference
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2019 CORESTA JOINT STUDY GROORSERENCE

GENERAL INFORMATION

Conference Venue

Elephant Hills Hotel
300 Parkway Drive, Victoria Falls, Zimbabwet +26313 44793
https://elephanthillsresort.com/en/

Registration

Saturday,12 October,11:00~ 14:00
Sunday,13 October,11:00~ 18:30

Elephant Hills Hotel

Presentations

PowerPoint files should bbrought to the Conference Offic the Elephant Hills
Hotel preferably the day before the scheduled presentation.

Posters

Posters are to be brought to the Conference Office atEhephant Hills Hotedn
Monday, 14 October. Posters will be mounted on Monday evening, displayed
until lunchtimeon Wednesday16 October, and available for collection from the
Conference Office on Thursday, @ctober.

The Poster Session is Wednesday 16 October, 11:30 ~ 12:30.

SOCIAL EVENTS

WelcomeReception

Sunday;13 October, 18:30-21:30
Elephant Hills HotePool Side

Excursion

Wednesday, & October, #:00 ~ 18:00
Guided tour of the mighty Victoria Fallddsioa-Tunyg

Closing Evening

Thursday, I October, B:30 ~23:30
Elephant Hills HotelGolf Course
Dress codeda touch of Aricae
(a bus will pick up delegates in the lobby from 18:30)

CORESTA AP2019 Conference
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AGRONOMY & LEARTEGRITaNd
PHYTOPATHOLOGY & GENETICS

WORKINGROGRAMME

Presenter's name is underlined when the main author (listed first) is not presenting the paper
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8:30¢ 8:50

8:50¢ 9:10 APO1
9:10¢ 9:30 APQO2
9:30¢ 9:50 AP 03

MONDAY14 OCTOBER

SESSION Dpening Session

Chairman;Huub VIEE / Lea SCOTT

The history of tobacco production in Zimbabwe synopsis
GARWE D.; DIMBI S.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Hare
Zimbabwe

Tobacco production and marketing trends in Zimbabwe in the last tv
decades

MATIBIRI A.E.

Tobacco Industry and Marketing Board, 429 €algles Road, Southerton, Harar
Zimbabwe

“AYOl 06SQa U dole OfhetobacgoHaimieti NE
AMBROSE R.

Zimbabwe Tobacco Association, 108 Prince Edward Street, Milton Park, Har
Zimbabwe

United Nations sustainable development goals and impacts of the
tobacco and alternative product sectors

COLARD S.

MBA Corporate & Social Responsibiltgrformance of the Organisations, Instit
Leonard de Vinci, Patia Défense, France

Afforestation: toward sustainable tobacco production in Zimbabwe
MILLS A.

The Sustainable Afforestation Association of Zimbabwe, 161 Gleneagles Ro.
Southerton, Harare, Zimbabwe

CORESTA AP2019 Conference i Working Programme



MONDAY14 OCTOBER

SESSIOR Sustainability & Environment

Chairman:Anthony JACKSON

10:50¢ 11:10 AP 06 How the tobacco merchants in Zimbabwe address sustainability in l¢
production

BGANYA K.A.
Zimbabwe Leaf TobacdoFoundry RoadspindaléPark, Harare, Zimbabwe

11:10¢ 11:30 AP 07 Evaluation of a biodegradable plastic greenhouse float tray
REED T.D.

Virginia Tech, Southern Piedmont Center, 2375 Darvills Road, Blackstone,
VA 23824, U.S.A.

11:30¢ 11:50 AP B Isolation, screening andharactergation of plant growth promoting
rhizobacteria isolates for their ability to induce drought tolerance on
tobacco (icotiana tabaam)
MARUNDA M.(1); CHINHEYA C.C.(1); MUZHINJI N.(1); MUFUNDA F.
MUDYAWABIKWA B.(1); BANANA S.(1); MAHOHOMAMARANZI T.(2)

(1) Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, |
Zimbabwe

(2) Faculty of Natural Resources Management and Agriculture, Midlands St
University, Gweru, Zimbabwe

11:50¢ 12:10 AP 09 Extracting value from tobaco waste through activating the carbon in
tobacco stalks

MUDYAWABIKWA B.; MUSUGBARWE C.C.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Hare
Zimbabwe

12:10¢ 12:30 AP D  Study on pollution control and thermagfficiency optimsation of

tobacco bulk curing barn

CHEN Zhenguo (1); YANG Yang (2); SUN Guangwei(1); YANG Lailin(:

Kesu(4); ZOU Shuoye(5);QIAO Yu(6); WANG Bo(6); HUANG J{@gchun

(1) Tobacco Research Institute of Hubei Province, Xiangyi Hotel 4th Floor,
Baofeng Road No. 6, Qiaokou District, Wuhan, Hubei Province, P.R. Ch

(2) Enshi Tobacco Company, Shizhou Avenue No. 119, Enshi City, Hubei P
P.R. China

(3) Sanming Tobacco @pany, Jiangbin Road, Meile District, Sanming City,
Fujian Province, P.R. China

(4) Tobacco Research Institute of Guizhou Province, Longtanba Road 29,
Guanshanhu District, Guiyang City, Guizhou Province, P.R. China

(5) Henan Tobacco Company, Zhengqi Street No. 7, Jinshui District, Zheng.
Henan Province, P.R. China

(6) Huazhong University of Science and Technology, Luoyu Road 1037, Wt
Hubei Province, P.R. China

CORESTA AP2019 Conference i Working Programme
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MONDAY14 OCTOBER

SESSIOBt Genetics 1

Chairman:Dongmei XU

Tobacco mutants with fewer suckers
HAMANO K.: SATO S.; ARAI M.; NOMURA A.; TSUKAHARA M.; SUZI

Japan Tobacco Inc., Leaf Tobacco Research Center, 1900 Idei, Oyama,
Tochigi 323808, Japan

Molecular mechanism involved in maleic hydrazideediated sucker
control
SHEN Y.; PAYAWULA R.; GOVINDURAJULU R.; KUDITH{RUDI

Altria Client Services LLC, Product Design & Maintenance, 601 East Jacksol
Richmond, VA 23219, U.S.A.

14:40¢ 15:00

Development of codominant markers related to powdery mildew
resistance fromN. tomentosiformisorigin

JULIO E.(AMALPICA A.(2); COTUCHEAU J.(1); BACHET S.(2); VOLP;
DECORPS C.(1); DORLHAC DE BORNE F.(1)

(1) SEITAImperial Brands, Leaf Research, La Tour, 24100 Bergerac, Franc
(2) Bergerac Seeds and Breeding, La Tour, 24100 Bergerac, France

15:00¢ 15:20

Field tests of los®f-function tobacco lines of elF(iso)4E for resistanc

to tobacco bushy top disease and agronomic traits

KOGA K.(1); SHINJO A.(1); MAINJENI C.E.D.(2); MSANGOSOKO K.R

UDAGAWA H.(1); TAKAKURA Y.(1)

(1) Japan Tobacco Inteaf Tobacco Research Center, 1900 Idei, Oyama,
Tochigi 323808, Japan

(2) Agricultural Research and Extension Trust, Department of Research anc
Technical Services, Private Bag 9, Lilongwe, Malawi

Task Forcdobaccdiotechnology and Omic§rBO)
ZAITLIN DEISHER C.R.
University of Kentucky, 1401 University Drive, Lexington, KY-d3024&).S.A.

SubGroup TSNA in Ai€ured and FiréCured Tobacco (TSNA)
FISHER C.R.
Universityof Kentucky, 1401 University Drive, Lexington, KY 4968326U.S.A.

CORESTA AP2019 Conference i Working Programme



MONDAY14 OCTOBER

SESSIOMt Nutrition

Chairman:Colin FISHER

Augmenting available soil nutrients through the use of growth
promoting microbes in tobacco production

CHINAMO D.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Hare
Zimbabwe

Greenhouse and field applications of various organic nitrogen fertiliz
sources

MANNING N.JVANN M.G.SUCHOFFHD, WOODLEY A.; McGINNIS M.
North Carolina State University, Department of Crop & Soil Sciences, NCSU
Box 7620, Raleigh, NC 27695, U.S.A.

16:40¢ 17:00

Variation of soil potassiunguantity-intensity relationship in fluecured

tobaccorape rotation system under longerm located potassium

application

DAI Kuai(1); LI Jiangzhou(1); ZHANG Limeng(1); JI Sigui(1); LONG Hu

XU Zhaoli(3); DUAN Yuqi(3); YANG Yuhong(3); LU Xiuplt&(B);

Yongge(1); BU Lingduo(1)

(1) Yunnan Tobacco Company Bianch/Biological Control of Tobacco Disea
and Insect Pests Engineering Research Center of China, Yuxi 653100, F

(2) Institute of Agriculture Resources and Regional Planning, Chinese Acad
Agricultural Sciences, Beijing 100081, P.R. China

(3) Yunnan Tobacco Agriculture Research Institute,Kunming 650031,P.R. C

Establishing application protocols for poultry litter and feather meal i
organicBurley tobacco production

SUCHOFF D.H.; VANN M.C.; FISHER L.R.; WHITLEY D.S

North Carolina State University, Department of Crop & Soil Sciences, 101 D¢
Place, Raleigh, NC 27695, U.S.A.

1720¢ 1740

Effects of rotation and organic fertders on soil waterstable aggregate
stability and their associated carboand nitrogen in fluecured tobacco
production

HU Binbin; REN Ke; CHEN Yanjie; GONGJIANG Shiqi; ZOU Congming
CHEN Yi; ZHAO Gaokun; HUANG Wei; XU Zhaoli; JIN Yan

Yunnan Academy of Tobacco Agricultural Sciences, Yunnan, Kunming 6500
P.R. China

17:40¢ 18:00

Implications of chloride application rate and nitrogen fertilizer source

on flue-cured tobacco

VANN M.C.(1); HARDY D.H.(2); FISHER L.R.(1)

(1) North Carolina State University, Department of Crop & Soil Sciences, N(
Campus Box 7620, Raleigh, NC 27695, U.S.A.

(2) North Carolina Department of Agriculture & Consumer Seryigesnomic
Division, 4300 Reedy Creek Road, Raleigh, NC 27607, U.S.A.

CORESTA AP2019 Conference i Working Programme
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TUESDAY IGCTOBER

SESSIOBt Production

Chairman:Lea SCOTT

Evaluations of rimsulfuron application timing and rate in fleeured
tobacco

VANN M.C.; INMAN M.D.

North Carolina State University, Department of Crop &8eilces, NCSU Camy
Box 7620, Raleigh, NC 27695, U.S.A.

Organic suckercides: screening various compounds for efficacy and
injury potential

SUCHOFF D.H.; VANN M.C.; SHORT M.M.

North Carolina State Universiyepartment of Crop & Soil Sciences, NCSU Ce
Box 7620, Raleigh, NC 27695, U.S.A.

Evaluation of contact and locadystemic sucker control products on
flue-cured tobacco in Canada

RICHMOND M.D.; SHEARER A.D.; ELLENBERGER E.; SAUDE C.; M
AMANKWA G.A.

Canadian Tobacco Research Foundation, Tillsonburg, Ontario, Canada

9:30¢ 9:50

Effects of early removal of lower leaf on ripening patterns, yield and

guality in tobacco

DUVENAGE |.(IBARKER (R); COOKE K.(3)

(1) ContratNicotexTobacco GmbH, 91 Coventry Road, Workington, Harare,
Zimbabwe

(2) Curverid Tobacco (Pvt) Ltd, 91 Coventry Road, Workington, Harare, Zim

(3) Tobacco Grower, Beatrice Farming Ar&apabwe

9:50¢ 10:10

Lower leaf removal and nitrogen application programs for fheerred

tobacco production

VANN M.C.(1); FINCH C.E.(1); FISHER L.R.(1); WELLS R.(1); BROWI

(1) North Carolina State University, Department of Crop & Soit&si&lCSU
Campus Box 7620, Raleigh, NC 27695, U.S.A.

(2) North Carolina State University, Department of Agricultural & Economic
Resources, NCSU Campus Box 8109, Raleigh, NC 27695, U.S.A.

Cured leaf residues followingpplications of fluopicolide, indoxacarb,
and oxathiapiprolin to fluecured tobacco

VANN M.C.; INMAN M.D.; WHITLEY D.S.

North Carolina State University, Department of Crop & Soil Sciences, NCSU
Box 7620, Raleigh, NC 27695, U.S.A.

CORESTA AP2019 Conference i Working Programme



TUESDAY IGCTOBER

SESSIOBt PostHarvest

Chairman:Susan DIMBI

A low cost, efficient, multifuel heat exchange system availed to
Zimbabwean small holder growers
MUNANGA W.; DIMBI S.; MUZAVAZI S.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Hare
Zimbabwe

Latest innovations in improving efficiencies in tobacco curing in
Zimbabwe: the Super Eco Curer

STOKES R.
ROC Systemisot 5 of Lot 1, Veradale, Chinhoyi, Zimbabwe

11:30¢ 11:50

Construction of green flueured tobacco strips aging technology bas:

on four-stage controlled atmosphere method

HE Wei(1); MU Wenjun(2); FAN Jiangiang(1); BAO Kexiang(1);

CHEN Yigiang(ILIN Jian(1); QI Lingfeng(1); ZHANG Ruigiang(1);

ZHANG Zengji(1); GUO Jianhua(2); SONG Jizhen(2); WANG Chunlu(3

FAN Tiantian(3)

(1) Fujian Tobacco Industry Co., Ltd., No. 118 Lianyue Road, Xiamen 3010(
P.R. China

(2) Key Laboratory of Eemvironnent and Leaf Tobacco Quality, Zhengzhou
Tobacco Research Institute of CNTC, No. 2 Fengyang Street, Zhengzha
450001, P.R. China

(3) Beijing Yingfeng Litai Technology & Trade Co., Ltd., 12C4, No T2, XiHuz
No. 1, XiZzhiMenWai Street, XiChdbigtrict, Beijing 10044, P.R. China

Lethal effect of low pressure on the cigarette beetle
FUKAZAWA N.; TAKAHASHI R.; IMAI T.

Japan Tobacco Inc., Leaf Tobacco Research Center, 1900 Idei, Oyama,
Tochigi 328808, Japan

12:10¢ 12:30

SubGroup Pest and Sanitation Management in Stored Tobacco

(PSMST)

SCHMIDT W), WINEGARDNER (®).

(1) R.J. Reynolds Tobacco Company, R&D Department, P.O. Box 1487,
WinstonSalem, NC 271am87, U.S.A.

(2) Universal Leaf Tobacco Co., Inc., PX02B209, Richmond, VA 23260, U.S.

CORESTA AP2019 Conference i Working Programme
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TUESDAY IGCTOBER

SESSIOR Varieties

Chairman:Colin FISHER

14:00¢ 14:20 AP 31 Agronomic performance of some exotic tobacco cultivars under the
Zimbabweanenvironmental conditions
RUZANE R.T.; DIMBI S.; MAGAMA F.
Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Hare
Zimbabwe

14:20¢ 14:40 AP 32 Development of short season tobacco varieties for marginal tobaccc
growing regions oZimbabwe
SHAMUDZARIRA M.; DIMBI S.; MAGAMA F.
Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Hare
Zimbabwe

14:40¢ 15:00 Report Agrochemical Advisory Committee (ACAC)
PRAT M.
JT International Germany GmbH, Diedenhofgtiasse 20,4294 Trier,
Germany

15:00¢ 15:20 Report SubGroup Agrochemical Residue Field Trials (RFT)
WATANABE.N
Japan Tobacco In@é900, Idei, Oyamdochigi 323808 Japan

15:220¢ 1540 AP 33 Cigar wrapper production in Zimbabwe: awverview of past, present
and future prospects
MUKOYI F.(1); MAGAMA F.(1); EDMONDSON A.(2); GUILD L.(3);
GARWE D.(1)
(1) Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, |

Zimbabwe
(2) Von Eicken, Drechslerstral3e 1, 23556 LibecdnaBy
(3) Mapeto Farm, Burma Valley, Shop No. 5, Suffolk Dr., Strathaven, Harare
Zimbabwe
15:40¢ 16:00 TEA

CORESTA AP2019 Conference i Working Programme



TUESDAY IGCTOBER

SESSIOBI Sustainability Forum

Chairman:Huub VIEE

16:00¢ 16:20 Audit of supply chains andlentification of risk and opportunity

WILDE L.
Chief Executive
twentyfiftyLtd, The Old Church School, Butts Hill, Frome BA11IKIR

16:20¢ 16:40 The Sustainable Tobacco Programme

twL.LO o
Sustainable Leaf Operations Director
JT International SA, 8 rue Kazem Radjavi20BIGeneva, Switzerland

16:40¢ 17:00 Options for improving access to water

ROYO E.
Manager Sustainable Agriculture

Philip Morris International, 3 Bridgeway Road, Century City, Western Province,
7441 Cape Town, South Africa

(Secondpeaker to beonfirmed)

CORESTA AP2019 Conference i Working Programme
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WEDNESDAY G CTOBER

SESSIOBt Genetics 2

Chairman:Frangois DORLHAC

Alkaloid content of wide tobacco germplasnihe search for high and
low nicotine content accumulating genotypes
MAGAMA F.; SHAMUDZARIRA M.; GARWE D.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Hare
Zimbabwe

Genetic mapping and characterization of thpale yellow (Py) locus
responsible for accelerated senescence in dark tobacco
PRAMOD SADAMS ADAVIS G.; LUSSO M.; FREDERICK J.; XU D.

AltriaClient Services LLC, Product Design & Maintenance, 601 East Jacksor
Richmond, VA 23219, U.S.A.

Mutations of phytochelatin synthase (PCS) genes by CRISPR/Cas9
reduceaccumulation of cadmium in tobacco leaves

SEO H.S.; LEE YKBM K.C.; OH K.H.; JEON E.Y.; NAW.H.; LEE J.H.
KT&G Research Institute, Gajeom@0, Yuseongu, Daejeon, South Korea

Metabolic and transcriptomic shifts during tobacco leaf pasarvest
senescence

BOVET L.; HILFIKER A.; BATTENERRO KGOEPFERT S.

PMI R&D, Philip Morris Products S.A., Quai Jeanrenau@B)CNeuchéatel,
Switzerland

Metabolic profiling of mutant tobaccos with distinctive aroma based
on gas chromatographynass spectrometry andnultivariate analysis
CAO Jianmin; XU Xiaoling; LIU Guanshan; CAO Pengyun; LIN Yingnat
Tobacco Research Institute of Chinese Academy of Agricultural Sciences, Q
266101, P.R. Chin&raduate School of CAAS, Beijing 100081, P.R. China

SubGroup Proficiency Testing for Detection of Transgenic Tobacco
(GMO)

DORLHAC DE BORNE F.

Imperial Tobacco Limited, Leaf Research, La Tour, 24100 Bergerac, France
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WEDNESDAY GGCTOBER

SESSIOMNO: Diseases

Chairman:Limeng ZHANG

10:50¢ 11:10 AP 39 First report of a pepper potato virus Y isolate affecting tobacco in
Zimbabwe

MUFUNDA F.; CHINHEYA C.C.; MAGAMA F.; GARWE D.; DIMBI S.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airp&o&inglarare,
Zimbabwe

11:10¢ 1120 Report Task Force Extended Diagnostic Expert System (XDES)
MARIGNAC E.
CORESTA, 11 rue du Quatre Septembre, 75002 Paris, France

1120¢ 1130 Report SubGroup Integrated Pest Management (IPM)
FISHER.M.

University of Kentucky, Kentucky Research & Development Center, 202B K1
Building, 1401 University Drive, Lexington, KY 4053@, U.S.A.

11:30¢ 12:30 POSTER SESSION
12:30¢ 14:00 LUNCH
14:00 EXCURSION
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APPOST 02

APPOST 03

APPOST 04

APPOST 06

APPOST 07

APPOST 08

WEDNESDAY G CTOBER

SESSIONML: Poster Session

The effect ofMycorrhizaenriched biofertiliser on tobacco growth and yield
CHIBUDU C.; MAVUKA R.
Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Harare, Zimbabw

Effects of spraying exogenous glycerol and molybdate on nitrate accumulation

pot-grown Burley tobacco leaves

FENG Yuging(1); SHI Hongzhi(1); LI Yafei(1,2); ZHOU Jun(3)

(1) College of Tobacco Science of Henan Agricultural University, Todnacd®eduction
Research Center, Zhengzhou 450002, P.R. China

(2) Henan Institute of Economics and Trade, Zhengzhou 450018, P.R. China

(3) Beijing Cigarette Factory, Shanghai Tobacco Group Co., Ltd., Beijing 100024, P.R. C

Effect ofdelaying harvest on tobacco quality of upper six leaves and climatic

requirement in central Henan of China

GAO Zhenzhen(1); YANG Mingkun(1); LIU Kouzhu(1); LI Jianhua(2); LI Hongliang

ZHANG Bingzhuo(3HI Hongzfi1)

(1) College of Tobacco Sciencelehan Agricultural University, Tobacco Cultivation Key
Laboratory of China Tobacco, Zhengzhou 450002, P.R. China

(2) Xuchang Tobacco Company of Henan Provincial, Xuchang 461000, Henan, P.R. Ch

Optimising carbon footprint of international meengs

COLARD S.(1); VERRON T.(2)

(1) MBA Corporate & Social Responsibiltgrformance of the Organisations, Institute Leor
de Vinci, Parisa Défense, France

(2) MBA Big Data, Chief Data Officer. ESG, 35 Avenue Philippe Auguste, 75FtarRearis,

Influence of disease resistance on the yield and qualityirrley tobacco
NAKAMURA T.; TAKEMATSU T.; IWAI Y.
Japan Tobacco Inc., Leaf Tobacco Research Center, 1900 Idei, Oyama, TO80i8j 323an

Physiologicaltranscriptomic and secondary metabolic responses of tobacco
seedlings to wellcellar style transplanting

LIN Yechun; ZHAO Huina; CAl Kai; GAO Weichang; CHEN Wei; MO Jingjing; MA
PAN Wenijie

Upland Flueured Tobacco Quality & Ecology Key Laborat@hina Tobacco,

Guizhou Academy of Tobacco Science, Guiyang 550081, P.R. China

Effects of wheat straw and biochar addition on physiochemical properties and
organic carbon fractions in flueured tobacco planting soil

WANG Yi; ZHANG Junging; KUANG Shuai; GUAN Ensen; ZHUO Qicui; SONG Xii
LU Weilong; WANG Dahai; LIU Yuedong; ZHANG Jiguang

Weifang Tobacco Co., Ltd of Shandong Province of CNTC, Weifang 262200, P.R. China
Ministry of Agriculture, Tobacco Researchtltstdf Chinese Academy of Agriculture Scienc
Qingdao 266101, P.R. China

Charactersation and genetic mapping of a novel premature leaf senescence
mutant yellow leaf 1 in common tobaccd\jcotiana tabacumlL.)

GAO Xiaoming; WU Xinru; SUN Yuhe Guanshan; ZHANG Zengling; CHAO Jiangt
LI Zhiyuan; GUO Yongfeng

Tobacco Research Institute, Chinese Academy of Agricultural Sciences, 11 Keyuanjingsi
Qingdao 266101, P.R. China
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APPOST 09

APPOST 10

APPOST 11

APPOST 12

APPOST 15

Estimating leaf chlorophyll content in tobacco based various canopy
hyperspectral parameters

GUO Tingtl Wen YU Jinlong; WU Wenxin; GAO Zhigiang; LI Wujin; DENG Xiaoqgia
LI Hongguang

Chenzhou Tobacco Company of CNTC, No. 61 Yanquan North Road, Beihu District, Che
Hunan Province, P.R. China

The influence of sodium carbonate buffer on TSNAs accumulation and leditgue

during tobacco storage

LIU Xingyu(1); LIU Deshui(1); MA Li(1); MA Yanjun(1); YANG Zhendong(1); ZHAN

LIN Lin(2); BAI Ruoshi(1); ZHOU Jun(1)

(1) Technology Center, Shanghai Tobacco Co., Ltd., No. 99 Wansheng South Street, Tc
District, Beijing 101121, P.R. China

(2) Beijing Tobacco Quality Supervision and Testing Station, No. 196 Jiukeshu West Str
Tongzhou District, Beijing 101121, P.kaCh

Effect and mechanism of controlling tobacco weather fleckBgcillus velezensis

GJ11

WANG Rui(1); HUANG Yong(1); QI Gaofu(2)

(1) Enshi Tobacco Company of Hubei Province of CNTC, No. 119, Shizhou Road, Ensh
Hubei, P.R. China

(2) Colege of Life Science and Technology, Huazhong Agricultural University A800van
P.R. China

Influences ofplant growth promoting rhizobacterigPGPRinoculum combined
with the reduction application of chemical fertilizer on the community structure «
nosZdenitrifying bacteria in fluecured tobacco soils

YU Wei; ZHANG Zongjin; GU Yunfu; CHEN Qiang; ZHANG Yingjie; YAN Fangfanc

Panzhihua City CompanySi¢huan Tobacco Company, 31 Longzhu Road, Eastern Districl
Panzhihua City, P.R. China

Agronomic and qualitative performance of some experimengirley hybrids in
Malawi

CHAMANGO A.M.Z.; SIBANDE L.A.G.O.; MATEWELE M.
AgriculturalResearch and Extension Trust (ARET), Private Bag 9, Lilongwe, Malawi

Forestry sustainability in the tobacco sector in Malawi: a community concern
requiring community approaches

OFESI H.K.T.; LIVIMBO S.S.
Agricultural Research afitktension Trust (ARET), Private Bag 9, Lilongwe, Malawi

Analysis of mainstream cigarette smoke constituents prioritized by the World
Health Organization in a core collection of tobacco accessions: variability and
correlations

JULIO E.(1); VERRQIR); DORLHAC DE BORNE F.(1); CAHOURS X.(2)

(1) SEITAImperial Brands, Leaf Research, La Tour, 24100 Bergerac, France
(2) SEITAImperial Brands, Scientific Research, 143 Bd Romain Rolland, 75014 Paris, F

Effects of biochar andeaweed fertilser on tobacco growth, soil properties and
bacterial wilt occurrence

ZHANG Guangyu(1); YOU Xiangwei(1); LIU Yuande(2); CHU Depeng(1); NIU Jijur
Qiang(2); CHEN Qianru(l); LI Yigiang{Bl Jiany{B)

(1) Tobacco Researtstitute of CAAS, Qingdao 266101, P.R. China

(2) Shandong Linyi Tobacco Company Ltd., Linyi, Shandong 276400, P.R. China

(3) China Tobacco Guangxi Industrial Co., Ltd., Nanning 530000, P.R. China
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THURSDAY7 OCTOBER

SESSION?1 Bio & Nutrition

Chairman:Susan DIMBI

8:30¢ 8:50

Progress in breeding and biocontrol dual approaches for tobacco
broomrapemanagement
MALPICA A.(1); GUINCHARD L.(2); BACHET S.(1); VACHER C.(3);
GATARD L.(4); REIBEL C.(2); GAUTHERDNEDELHERMANN V.(2);
STEINBERG C.(2); GIBOT LECLERC S.(2)
(1) Bergerac Seed & Breeding (BSB), La Tour, 24100 Bergerac, France
(2) Agroécologie (AgroSup Dijon, INRA, Univ. Bourgogne FEomtité),
17 rue Sully, 21000 Dijon, France
(3) Arvalis, Instut du Vegetal, La Tour, 24100 Bergerac, France
4/ 22LISNF AGS / ¢nCX alAazy RS Q! 3
France

Evaluation of the bieefficacy of the biological control agents,
Trichoderma PaecilomycesMycorrhizaand Bacillusspecies against
root-knot nematodes

MAHERE T.S.; CHINHEYA BIMBI S.

Tobacco Research Board, Kutsaga, P.O. Box 1909, AirpaddRingarare, Zimbabv

Studyof the control effect of preceding crops on tobacco black shani
GAI Xiaotong; XIA Zhenyuan; LU Canhua; HUANG Changjun; YUAN C
FANG Dunhuang

Yunnan Acadenof Tobacco Agricultural Sciences, Yunnan, Kunming 650021
P.R. China

9:30¢ 9:50

Tobacco crop protection against blue ralgl: what strategy with
organic and biocontrol products?

KANE K.(1); LERQ.(1); VALADE P.(1);: GOUDOUNECHE);J
GUER®.(2); BRAY 0.(3); MECHENIN V.(3); TARASCOU M.(3):
SALGADO J.(3)

(1) Arvalis Institut du Végétal, Domaine de la Tour, 769 route de Sainte Alvé
24100 Bergerac, France

(2) Service Régional de I'Alimentation ($RA4Litaine Direction Générale de
tfQl ftAYSY(dlrGA2y o5D![ 02X CNIyOS

(3) Fédération Régionale de Défense contre les Organismes Nuisibles (FRE
Aquitaine, 71 Avenue Edouard Bourlaux, 33882 Villefxaweon, France

SubGroupEfficacy of Biological and Ederiendly CPAEBIO)
MAVUKA R.

Tobaccdresearch Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Harar
Zimbabwe
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THURSDAY7 OCTOBER

SESSIOM3: Analysis & Detection

Chairman:Masahiro MIYOSHI

10:50¢ 11:10

The role of laboratory Quality Management Systems in ensuring
compliance in thetobacco industry: the case of the Tobacco Researc
Board's Analytical Chemistry Services (TRB ACS)

MUSUNAGARWE C.C.; MUDYAWABIKWA B.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Hare
Zimbabwe

SubGroup Agrochemical Analysis (AA)
MIYOSHI M.
Japan Tobacco Inc., 1900, Idei, Oyama, Tochigi&3 Japan

11:30¢ 11:50

In field photonic sensing of tobacco leaves for the ndastructive
assessment of nitrogen content and qualirediction

TUCCIO L.(BARGIACCHI[B; MILLI G.(3); MIELE S.(2); AGATI G.(1)
(1) CNRFAC,-65019 Sesto Fiorentino, FlI, Italy

(2) Consortium INSTM50121 Firenze, Italy
(3) Fattoria Autonoma Tabacchi (FAT) & FOBPIL2 Cittadi Castello, PG, Italy

A comparison of methods for handling data that is Missing Complete
at Random(MCARJn crop experiments at Kutsaga
MAWIRE B.; MAHERBTMUTAMBWA M.

Tobacco Research Board, Kutsaga, P.O. Box 1909, AirgdrbRil, Harare,
Zimbabwe
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THURSDAY7 OCTOBER

SESSIOM: Low Nicotine

Chairman:Marcos LUSSO

Nicotine variability of low nicotine cultivars versus normal nicotine
cultivars
LION KADAMS AMORRIS W.; BROWN E.; IRVING B.; LUSSO M.; Xl

Altria Client Services LLC, Product Design & Maintenance, 601 East Jacksol
Richmond, VA 23219, U.S.A.

Reducing nicotine ifBurley tobacco by combining low alkaloid
varieties and agronomic practices

FISHER A.M.; FISHER C.R.; JI H.
University of Kentucky, 1401 University Drive, Lexington, KY-@3024&.S.A.

14:40¢ 15:00

Genetic and biochemical analysis of very low nicotine tobacco leaf

KUDITHIPUDI C.(1); @ADARAJULU R.(2); BHUIYAN N.(2); SHEN Y.(:

XU D.(2)

(1) Altria Client Services LLC, 601 East Jackson St., Richmond, VA 23219,

(2) Eurofins Lancaster Laboratories, c/o Altria Client Services LLC, 601 Eas
Street, Richmond, VA 2321BS.A.

15:00¢ 15:20

Changes in TSNA contents and sensory quality of dibsa nicotine

tobacco leaves produced by grafting with eggplant

REN Mengjuan(18HI Hongzfi); LI Hongliang(2); ZHQuh(3);

TANG Chaoqi(3); BAI Ruoshi(3); ZHANG Mengyue(1)

(1) College of Tobacco Science of Henan Agricultural University / Tobacco
Cultivation Key Laboratory of China Tobacco / Tobacco Harm Reductior
Research Center of HAU, Zhengzhou 4560BZ;hina

(2) Xuchang Tobacco Company of HeRaRChina

(3) Shanghai Tobacco (Group) Co., Shanghai 20B@8Zhina

15:20¢ 1540

Report

Task Forcdobacco Alkaloid Genetid9 AG)
GUO Yongfeng

Tobacco Research Institute, Chinese Academy of Agricultural Sciences (CA
No. 11 Keyuanjingsi Road, Laoshan District, Qingdao City, Shandong Provin
P.RChina
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APO1

The history of tobaccgroduction in Zimbabwe a synopsis
GARWE D.; DIMBI S.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Harare, Zimbabwe

Tobacco is an extremely important crop in the economy of Zimbabwe and in thel3017
season, a record 252.5 millidg of tobacco with a value of $737.2 million was sold. This
paper will consider the history of tobacco production in Zimbabwe and some pertinent
factors that have led to the success of tobacco as a cash crop in the country. Organised
cultivation of the gaden leaf in the country dates back to the lateMdentury although
there are documented and folklore reportsiicotiana rusticagrowing and consumption

by the indigenous people prior to this. In the 1906 season, a Tobacco Tender Board
was establishe and by 1924, the first tobacco research station had been established. In
1936, the Tobacco Marketing Act which provided for the formation of the Tobacco
Marketing Board and the compulsory selling of tobacco through Auction Floors was
promulgated. The Taxrco Research Boaf@RB)was reconstituted under the Tobacco
Research Act of 1950, with a mandate to direct, control and carry out tobacco research.
This resulted in a vast improvement in the qualityiok S O 2 tdagicioNaBdr#1963

the industry hostd the CORESTA Third World Tobacco Scientific CongresalsoRB
hosted the 1994COREST®ongress. Research is continually being cawigdo further
improve the viability of tobacco production and the Zimbabwean industry is consistently
making effortsto inculcate good agricultural practices at grower level to ensure
continuity well into the future.
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AP 02

Tobacco production and marketing trends in Zimbabwe in the last two decades
MATIBIRI A.E.

Tobaccdndustry and Marketing Board, 429 (dagles Road, Southerton, Harare, Zimbabwe

An overview of trends and challenges in flugred tobacco production in Zimbabwe is
IABSYyd C2ft2Ay3a (GKS O2dzyiNEQ& AYRSLISYRSYyOS
flue-cured tobacco production and number of farmers. This weasrsedquickly such

that by the late 1986 annual production was over 120 million kg, hectarage was over
57000 and the number of growers hadabilised at around 1 500 largscale growers.
During the 1996 a slow land resettlement programme saw the number of growisisg

to around 6 500with about1 700 largescale commercial growers by 2000. The tobacco
area planted (107 000 ha) in 2014 surpassed the peak of 1998 of 92 000 ha. Annual sales
reached a record of 237 million kg in 2000. The period was largely dominated

by the land reform prgramme. The number of growers increased rapidly thereby
increasing the production potential. Prior to land reform, more thare®6f the total
flue-cured tobacco production came from the largeale growers who raised production
finances on their own. Durg this period, production fell to a 3gear low of

48 million kg. In 2003 the introduction of the dual selling system where auction sales
would operate alongside contract production and purchasing systems were
recommended to and approved by governmertieTperiod 2002018 was characterised

by the introduction of new policies, monetary deregulation and an improvement in
financing of production. A record 145 725 farmers registered to grow tobacco resulting
in a new record crop of 252 million kg in 2018al&#nges that were faced in dealing with
the resurgence of production included the large number of farmers, funding of
production, compliance, need for increased training and extension services,
deforestation, and lack of marketing skills.
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AP 03
BAYOol 08SQa ( 2dole 6fhe todagtdrfdaiial NB
AMBROSE R.

Zimbabwe Tobacco Association, 108 Prince Edward Street, Milton Park, Harare, Zimbabwe

Tobacco farming plays an important economic and social rafégmabwe. Its impact is
not only at primary level but throughout the value chain, with an estimated 2.5 million
people directly and indirectly benefiting from tobacco production. The number of
tobacco farmers has reached almost 190,000 in 2019, from thes lof 10,000
approximately 10 years ago. Production has, correspondingly, risen from 49 njtion k
250 million k over the same period, with 8% under private contracting schemes.
Earnings from tobacco production generate at least &®&D million each year,
contributing 11%to national gross domestic produdGDB. The total value of tobacco

to Zimbabwe is USD1,1 billion. It has therefore economically empowered farmers,
communities, towns and downstream industries. Training aasdarch are essential and
important tools for farmers. In an industry under the watchful eye of global health
organgations, calling for restrictive legislation on tobacco production and consumption
and consumerawareness sustainable and r@ensible tobacco farming practices are
AYONBIlaAy3adfte o0SO02YAy3a O2YLJz a2NBd® 5SYI YR
though there has to be carefatanagemenbf supply and demands itis predicted that
demand is on a global decline, even in Chiftimba ¢ Shiygest market), of at least%

per annum. Competiveness and quality is just as important & &&imbabwetobacco

is exportedand competes directly with countriessuch asBrazil, USA., India and some
African countries. With the general decline in consumption and changes in smoking
patterns and in some seasonscompetitiveness with rival markets, diversification is
now becoming more topical in order to ensure that the tobagrower continues
farming,providing a livelihood and remains a meaningful economic and social contributor
to the development of the country.
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AP 04

United Nations sustainable development goals and impacts of the tobacco and
alternative product sectors

COLARD S.

MBA Corporate & Social Responsibiltgrformance of the Organisations, Institute Leonard de
Vinci, Parid.a Défense, France

In 2015, the United Nationgublished17 sustainable development goals (UN SDGs) and

0KSANI O2NNBalLRyRAy3 (GFNBSGa G2 0S I OKASOSR
gSttoSAYyIe ALISOATAOFE & NBTFSNEstréngthentkeS (120 OC
implementation of the WMO/FCTC in all countrgesb

The tobacco and alternative product sectors are likely to impact most of the UN SDGs

even if some goals are more particularly relevant than others from a social perspective.

In 2018, CORESTA decided to support a project withokipectives to i) elaborate a

scientific framework for assessing environmerdald social impacts of these sectors,

ii) identify scientific tools for performance assessment, and iii) measure the gaps between

required and available tools.

During the periodeember 2018 Felruary 2AL9, a survey was conducted among and
beyond the CORESTA members to better understand the positive and negative impacts
of the tobacco and alternative product sectors with regards to the UN Sio@s)late
examples of actions umdtaken for enhancing the positive impacts and mitigating or
suppressing the negative ones, and finally, to identify the tools and KPIs used to measure
and monitor the consequences of these actions. A workshop was organised subsequently
in May 2019 to cordidate the contributions to the survey, to identify the needs and to

set priorities for a possible work programme.

The conclusions of this project will be presented along with sets of ,t@sksessment
frameworks, recommendations and possible implicatiforduture activities of CORESTA
and/or other organisations.
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AP 05

Afforestation: toward sustainable tobacco production in Zimbabwe
MILLS A.

The Sustainable Afforestation Association of Zimbabwe, 161 Gleneagles Road, Southerton,
Harare, Zimbabwe

The Food and Agricultural Organisation (FAO) estimates that Zimbabwe loses 300 000
hectares of indigenous forest per annum, an area the size of three Harare metropolitan
areas, of which 45 000 is attributed to tobacco. The Sustainable Afforestation Agsocia
(SAA) was established by tobacco merchants of Zimbabwe in ®@h3the aim to
mitigate the effects of deforestation attributed to tobacco curing. achieve this goal

the industry must plant trees, ushem more efficiently,protect them from pests, veld

fires and poachersand find alternatives to trees for curingo this end SAA is planting
trees, educanhg communities on the value of trees and promoting the enforcement of
the lawsrelated to fires and theft. It is however estimated that approximately 25 880

of commercially planted forest is needed per annum to allow the curing of a fully
sustinable crop. To date, SAA has planted approx. 17h&a0@t a rate of $00ha per
FyydzyYs gKAES 20KSNJ G20l 002 O2YLI yASa KI @S
footprint in Zimbabwe is now quite visible on most main roads, as trees are gettsgy clo

to maturity and harvest. Additionally, research is being carried out into alternative fuels
by SAAthe Tobacco Research Board (TREpsaga and the merchants, as well as training
farmers to become more efficienthe achievements to date and the challenges being
faced in this project will be discussedthis paper
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AP 06

How the tobacco merchants in Zimbabwe address sustainability in leaf
production

BGANYA K.A.
Zimbabwe Leaf TobacdoFoundry Road\spindale Park, Harare, Zimbabwe

The major tobacco merchants in Zimbabwe have worked for several years to ensure
sustainability and traceabilityf contracted tobacco. Due to the markatganiation, this
covers approximately 6@ of total domestic production.

Companies have adopted policies, codes of practice, recording and monitoring systems
and external verification systems which ensure full traceability of the leaf and of the
practices followed at eacltontracted farm. Companies have also invested in the
necessary structure to fulfil the objectives of their sustainability and traceability
programmes. The main programmes adopted, somehow overlapping, address
governance, productivity, environmental and csl issues. While some of the
programmes are competitive, some activities have been adddss a sector to magnify

the impact and the results.

Responsibleuring practices address the improvement of curing bameséarch bythe
TobaccoResearch BoardTRB and other independent bodies) and the availability of
sustainable fuel which does not affect natural forests. With this purpose in nied
merchants set up the Sustainable Afforestation Association (SAA) recognizing that earlier
efforts to reverse deforestation were not effective enough, and that a different approach
was needed. SAA provides a sustainable source of timber for use in the tobacco industry;
it investigates and implements strategies for the conservation and rejuvenation o
existing indigenous and commercial forests and it undertakes activities and projects
directly or indirectly relating to the provision of sustainable sources of timber and the
conservation and rejuvenation of existing timber resources. SAA complements the
individual company activities of tree planting with their contracted farmers and
communities.

Social programmes need to be tailored to the situation in the field. The Tobacco Industry
and Marketing Board (TIMB) worked closely with the Ministry of Labowatry out a
farmer survey to identify issues such as child latend unsafe working condition$he
Tobacco Industry and Marketing BoafdNIB is working on guidelines to be followed by
the sector.
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AP 07

Evaluation of a biodegradable plastic greenhouse float tray
REED T.D.
Virginia Tech, Southern Piedmont Center, 2375 Darvills Road, Blackstone, VA 23824, U.S.A.

The Trilogy tray was introduced in 2015 as the first commercially available plastic
greenhouse float tray for tobacco transplant production in the United States.
Modifications to the original design have been made in subsequent ydare. recently,

for research purposes, aadditive has been included in the plastic to promote
biodegradability of tle tray. The additive allowshotodegradation of the plastic through
oxidation or the addition of carbonyl groups to the polypropylene plastic molecule when
exposed to sunlight. This oxidation is necessary to facilitate the biodegradation of the
plasticonce the trays are exposed to an active microbial environment. The objectives of
this study were to quantify the degradation of Trilogy float trays under laboratory and
greenhouse conditions and to propose how such tray technology may be incorporated
into sustainable greenhouse tobacco transplant production.

Laboratory testing was conducted to measure plastic degradation under accelerated
ultraviolet (UV) light exposure conditions of plastic tray samples to which three rates of
a proprietary additive hadden addedThe physical integrity of the plastic was evaluated

as well as laboratory quantification of the addition of carbonyl groups to the plastic
Results suggest a useable life for the plastic of 5 to 6 years of outdoor expdbere.
response in degradation was dependent on the rate of the addmvthe tray. The
lifespan of trays in actual use would be expected to be longer since UV exposure is
significantly reduced once the seedlings grow to cover the trays and trays widality

be stored out of the sun when not in uséreenhouse trials are currently under way to
evaluate the degradation of the plastic under actual greenhouse conditions.
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AP 08

Isolation, screening andharactersation of plant growth promoting
rhizobacteriaisolates for their ability to induce drought tolerance on tobacco
(Nicotiana tabaam)

MARUNDA M.(1); CHINHEYA C.C.(1); MUZHINJI N.(1); MUFUNDA F.(1);
MUDYAWABIKWA B.(1); BANANA S.(1): MAHOHOMA MAQANZI T.(2)

(1) Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Harare, Zimbabwe
(2) Faculty of Natural Resources Management and Agriculture, Midlands State University, Gweru,
Zimbabwe

Water availability is one of the major challenges limiting agricultural production in
Zimbabwe. Recently, the country has been experiencing notable shift in seasons, uneven
rainfall distribution, midseason droughts and decreases in annual rainfall whreh a
issues of great concern. Elsewhere, the use of drought tolerant varieties and genetic
engineering are amongst the mitigation strategies in use. Additionally, the use of plant
growth promotingrhizobacteria(PGPR) has been reported to be effective inkding
plants to withstand drought effects. This study aimed to isolate, screen and characterise
native PGPR for their ability to induce drought tolerance on tobacco seedlings. Drought
tolerant weed species were collected from hill tops, arid and samdi regions of
Zimbabwe and the roots were cut out, placed into test tubes and then heated under a
water bath to eliminate the notheat tolerant species. Thereafter roots were discarded
and the solution subjected to serial dilutions, after which plating wasedan amended
nutrient agar(NA).

Over 200 bacterial isolates grew and were collected from petri dishes for further
evaluation. These isolates were then evaluated in fiveitro tests namely, bacterial
growth under reduced water availability, exopolysaccharide production, phosphate
solullisation, ammonium and cellulase production. From these testsghbest isolates
were selected for identification and further evaluation. Molecular characterisation using
16s rDNA sequencinghowed that these isolates fell into six species nanidgllus
subtilis Bacillus firmus Agrobacterium tumefaciens Pseudomonas fluorescens
Pseudomonas putidand Pantoea agglomeransGreenhouse trials then followed to
evaluate the ability of these isolates to induce drought tolerance on tobacco seedlings.
Pamameters such as their ability to improve chlorophyll content, biomass weights and
nutrient status of tobacco seedlings were also evaluated. Further tests will be conducted
under field conditions; however preliminary results showed that these isolatesdraat
potential in inducing drought tolerance on tobacco seedlings.
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AP 09

Extracting value from tobacco waste through activating the carbon in tobacco
stalks

MUDYAWABIKWA B.; MUSUNARWE C.C.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Harare, Zimbabwe

Tobacco is an economically important crop accounting for ovét@Dexport receipts in
Zimbabwe. This crop is grown by well over 173 000 growers on a hectarage of over
100000. However, in Zimbabwe only the leaf is currently valuable as stalks have no
economic use. Elsewhere, due to the high lignin and cellulose content, tobacco stalks are
being used for the production of energy briquettes among other uses, givingrtpe
additional value. The objective of this trial was, therefore, to investigate the possibility of
using tobacco stalk material as a precursor for activated carbon preparation as a new
means of enhancing value. The preparation of activated carbon usiragto stalks and
microwave heating was studied and optsed. The prepared activated carbon was
further applied as an adsorbent for methylene blue (MB) and lead removal from water.
The optimsed conditions for activated carbon preparation were a radiatpower of
280W for a period of six minutes havimgpregnatedthe precursor material with 3@

ZnCj for 24 hours. The activated carbon yield was 49#®ith an iodine number of
1264.51mg/g and a point of zero charge of 5.81. The adsorption kintgrdsoth MB and

lead followed the pseudo second order kinetic model with the wpaaticle diffusion
model suggesting a twstep adsorption mechanism. Experimental adsorption data for
both MB and lead also fitted well within the Langmuir adsorption isathmodel. It can,
therefore, be concluded that tobacco stalks can be turned into an economically important
product through the production of activated carbon which compares favourably with
commercial products on the market.
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AP 10

Study on pollution control and thermal efficiency optirsation of tobacco bulk
curing barn

CHEN Zhenguo (1); YANG Yang (2); SUN Guangwei(1); YANG Lailin(3); WEI Kesu(4);
Z0OU Shuoye(5);QIA(6); WANG Bo(6); HUANG JingéBun

(1) Tobacco Research Institute of Hubei Province, Xiangyi Hotel 4th Floor, Baofeng Road No. 6,
Qiaokou District, Wuhan, Hubei Province, P.R. China

(2) Enshi Tobacco Company, Shizhou Avenue No. 119, Enshi CityoMinicej P.R. China

(3) Sanming Tobacco Company, Jiangbin Road, Meile District, Sanming City, Fujian Province,
P.R. China

(4) Tobacco Research Institute of Guizhou Province, Longtanba Road 29, Guanshanhu District,
Guiyang City, Guizhou Province, P.RaChin

(5) Henan Tobacco Company, Zhengqi Street No. 7, Jinshui District, Zhengzhou, Henan Province,
P.R. China

(6) Huazhong University of Science and Technology, Luoyu Road 1037, Wuhan, Hubei Province,
P.R. China

Qoal is still used asfuel to providethe necessanheat for mosttobacco curing barns in
China. Due to the lack of corresponding equipment and the measures to reduce
emissions, the gas pollutants from curing barauch as S£) smoke etc, are often
discharged into the atm&phere without any processing, andcausesserious pollution

to the environment. To solve the pollutioproblemof SQ and particulée matter (PM)
during fuel combustionin tobacco bars, this study investigat&the pollutant emission
properties and mechanissof tobacco barsin five provincs, i.e. Hu Bei, Fu Jian, Gui
Zhou, Yu Nan and He Ndmuipment was designed to control the emission o &6d

PM according t@mission properties, and the effect the equipment was verified. The
results showed that desulfigation and dedusting efficiency were in the range of9lB8%

and the concentration of pollutants was lower than the corresponding emission
standards with the usof the equipment. There was #arge heat los the tobacco barn,

i.e. the heat loss of exhaust gas was2land the heat loss of incomplete combustion
was 411% The thermal efficiency ahe curingroom was calculated by the indirect
balane@ method, and the calculation results showed that the thermal efficiency of the
tobacco barn at the five demonstration siteas 2545 % Moreover, the fuekich region
with a high thickness of coal seam in furnace caused a high pollutant emissiaraagel
heat loss.However the use of automatic continuous coal feeding equipment could
effectively reduce the emission of pollutants and the loss of heat, and also improve the
thermal efficiency of the tobaccouring room. Therefore, the use of desulfeation
dedusting facilities and automatic coal filling techniqusould significantly reduce
pollutant emissiosin bulk curing barns.
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AP 11

Tobacco mutants witfewer suckers
HAMANO K.; SATO S.; ARAI M.; NOMURA A.; TSUKAHARA M.; SUZUKI S.
Japan Tobacco Inc., Leaf Tobacco Research Center, 1900 Idei, Oyama, T-0&8ti§j 32pfan

In tobacco, depending on strong shoot apical dominance, suckers grow vigorously after
topping. Tobacco plants produce up to a third sucker sequentially at each leaf axil during
the cultivation period. Suckers adversely affect tobacco leaf yield and quHtigrefore,
sucker control is a key process to achieve tobacco production with high yields and good
quality. We earlier isolated five genes involved in axial meristem formation. RNArknock
down tobaccos of these five genes exhibited normal growth of st $ucker, but the
second sucker was suppressed. The objective of this studyorasluak the effects of

these genes on sucker growth during cultivation in the field. First, koatkkKO) tobacco
mutants of each isolated gene were screenednircan ethyl ethanesulfonate
mutagenized tobacco library (var. Tsukuba 1:ftueed tobacco). Subsequently, the
suckers at each leaf axil in the screened mutants were counted before and after topping
in the field at the Leaf Tobacco Research Center (LMR&)an. In this presentation, we
present results of KO mutants of three out of five genes. The KO mutants showed normal
growth of the first suckebut showed significantly suppressed second sucker formation
compared with wild type. These results were santo earlier results obtained from the
RNAI knockdown tobaccos in a greenhouse. The findings imply that screened mutants
may be useful for developing new varieties with fewer suckers.
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AP 12

Molecularmechanism involved in maleic hydrazidmediated sucker control
SHEN Y.; PAYAWULA R.; GOVINDURAJULU R.; KUDITHIPUDI C.; XU D.

Altria Client Services LLC, Product Design & Maintenance, 601 East Jackson Street, Richmond,
VA 23219, U.S.A.

Molecular signalsrém the shoot apical meristem (SAM) mediateormonal signal that
effectively inhibits axillary bud growth. Upon removal of the SAM, the hormonal signal is
lostandenablsl EAf f | NBE 6dzR& (2 3INRS Ayili2 ySé akKz2z2ia
and poor leaf quality. Sucker control chemical applications are critical for managing
sucker growth following plant topping. Predominantly, maleic hydrazide (MH) has been
used to manage sucker growth as a systemic sucker control reafyiat.application,
maleic hydrazide is absorbed by leaves and translocated through the plant to small sucker
buds. The inhibitory effect of MH on sucker growth is considered to be the refsthie
suppression of plant metabolism (inhibition of enzymatic activity) andfietence of the
compound with plant hormones and growth regulators. MH also acts as an inhibitor of
the synthesis of nucleic acids apdoteins Understanding the mechanism of MH on
sucker suppression may provide additional insights for the developmardre€hemical
sucker control. In this study, transcriptome profiles were carried out before and after MH
treatments. Differential expression analysis showed that several cell cycle genes were
inhibited from MH treated plants compared to controls. Experinseate in progress to
evaluate these cell cycle genes with sucker specific proraoter
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AP 13

Development of codominant markers related to powdery mildew resistance
from N. tomentosiformisorigin

JULIO E.(1); MALPICA A.(2); COTUCHEAU J.(1); BACHET S.(2); VOLPATTI R.(1);
DECORPS C.(1); DORLHAC DE BORNE F.(1)

(1) SEITAImperial Brands, Leaf ResdarLa Tour, 24100 Bergerac, France
(2) Bergerac Seeds and Breeding, La Tour, 24100 Bergerac, France

Powdery mildew is a common tobacco plant fungal disease which can regdoeers
crop yields, particularly irSouth Africa, Asia and Europe. Three different resistance
sources are known, coming from wild tobacco specihs tomentosiformisand

N. glutinosa or fromN. tabacum The latter has recently been identified as a recessive
resistance controlled by two cleky linkedmlo genes.

In this studyN. tomentosiformiglominant resistance was investigated in a F2-luesd
population segregating for powdery mildew resistance. This resistance was first
introgressed into the Zimbabwean variety TB 22, a-flueed lire obtained from a hybrid
betweenN. tabacumand N. tomentosiformis The resistance was then introduced into
modern breeding tobacco lines in Bergerac, France.

RNASeq analysis was used to compare resistant and susceptible F2 plants, but also to
identify single nucleotide polymorphisms (SNPs) between them. Polymorphic contigs
were compared to the referencgenome available on Solgenomics, showing that the
polymorphism charactesing resistant genotypes is spanned on a large portion of
chromosome 19. Linkage mapping using SNPs and SSR markers confirmed this finding.
SNPs were confirmed on a larger set of tobacco varieties usings&iNdata mapped to
blimdpd CNRBY (K SdakerdNete disigried, enNchifgtthe panel of tools
available for efficient breeding of powdery mildew resistant lines.
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AP 14

Field tests of los®f-function tobacco lines of elF(iso)4E for resistance to
tobacco bushy top disease and agronomic traits

KOGA K.(1); SHINJO A.(1); MAINJENI C.E.D.(2); MSANGOSOKO K.R.(2); UDAGAWA H.(1);

TAKAKURA Y.(1)

(1) Japan Tobacco Inc., Leaf TolbaResearch Center, 1900 Idei, Oyama, Tochig)&823
Japan

(2) Agricultural Research and Extension Trust, Department of Research and Technical Services,
Private Bag 9, Lilongwe, Malawi

Tobacco bushy top disease (TBTD) is one of the sedisgsses affecting tobacco
(Nicotiana tabacuni.) production in African countries such as Malawi, Zambia, Tanzania
and Ethiopia. This disease is caused by a mixed infecttobaccobushy top virus (TBTV,
genusUmbraviru3 and its helper virus foaphid transmission (a member of the genus
Poleroviruy In arecent study, we demonstrated that lossf-function of eukaryotic
translation initiation factor elF(iso)4E in tobacco conferred resistance to TBTV by sap
inoculation in a greenhouse. The objeet of this study was to evaluate the lesk
function tobacco lines of elF(iso)4E for resistance to TBTD by aphid transmission under a
natural environment and for agronomic traits in fields. Field tests for resistance to TBTD
were conducted for three seass in fields of the Agricultural Research and Extension
Trust in Malawi. Agronomic traits were examined at fields of the JT Leaf Tobacco Research
Center in Japan. The les&function tobacco lines of elF(iso)4E of both fueed and
Burley types were ged for this study. Wild type lines for elF(iso)4E were used as a control.
Regarding the incidence of TBTD, thedofs&inction lines of elF(iso)4E were significantly
lower than the control lines in almost all field tests. Regarding plant height andi¢afal
numbers at the flowering period and yield of curkgves, the lossf-function lines of
elF(iso)4E were not significantly different from the control lines. These results suggest
that lossof-function of elF(iso)4E in tobacco confers resistance foDrénder a natural
environment and that it does not adversely affect agronomic traits. Future cultivation of
tobacco varieties with lossf-function of elF(iso)4E will contribute to stable leaf tobacco
production in regions adversely affected by econorogsés from TBTD.
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AP 15

Augmenting available soil nutrients through the use of growth promoting
microbes in tobacco production

CHINAMO D.
Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport RirdaRarad Zimbabwe

Sustainable agriculture on a limited space of land is a huge problem for most tobacco
growers in Zimbabwe. The pressure on land resources continuously depletes soil
productivity leading to over use of synthetic fertilisers to compensatetie loss in soil
quality. This practe is not sustainable and poses an environmental risk as tobacco is
grown on sandy to sandy loam soils that are prone to leaching, leading to the
contamination of water bodies. In addition, the ouse of syntheticfertiliser
compromises soil biodiversity thus impeding the sustainable function soil ecosystems.
Thus research on alternative ways of improving soil productivity is imperative.-{&®aro
study was carried out at KutsafgesearctBtation, to evaluate theffect of Microplus,

an organic bienutrition based product with over 30 soil micozganisms incorporated,

for its effectiveness in tobacco production. Migptus contains among other microbials,
multiple friendly strains ofBacillus Enterobactey Pseudmonas Stenotromonas
Rhizobiumand Trichodermaselected for their ability to rehabilitate and enhance soil
fertility. The trial was set up in a randomised complete block design with four treatments
which included a sole Micrplus treatment and in combation with 100% 50% and
25%of the standard fertiliser programme. Results showed that this product, used with
50 % of the standard fertilizer treatment, gave the best yield and quality of the treated
crops. Applying Micrglus to plots treated witlL00%of the standard fertilisers gave no
additional benefits to the grower while, on the other hand, Miglos as a standlone
treatment was not effective. This paper will explore the implications of reducing the
reliance on chemical fertilisers and adaptiof bionutrition based productssuch as
Micro-plus, not only on tobacco yield and quality but also on soil health.
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AP 16

Greenhouse and field applications of various organic nitrogen fertilizer sources

MANNING N.JVANN M.C.SUCHOFFHD, WOODLEY A.; McGINNIS M.

North Carolina State University, Department of Crop & Soil Sciences, NCSU Campus Box 7620,
Raleigh, NC 27695, U.S.A.

Current nitrogen fertilizer programs for organic floered tobacco produ@n have proven
successful but are not absent of agronomic concern. In the current evaluation, different
organic nitrogen sources were evaluated for their usability in seedling and field production
Sources evaluated for seedling production were SeabiahGuU-eather Meal, Blood Meal,
Liquid Chicken Litter + Sodium Nitrate, Sodium Nitrate, Corn Gluten, Soy Protein, Dry
Chicken Litter, and Fish Emulsion. A conventional control was included for comparison
(SQM Ultrasol Premium 1%16). Analysis of float wat samples over a 6@ay timespan
revealed that treatments containing Liquid Chicken Litter + Sodium Nitrate, Sodium
Nitrate, andSQM Ultrasol Premiurh6-5-16 contained the highest nitratbl and lowest
ammoniumN concentrations The same treatments conted the lowest bicarbonate
concentration between 10 and 40 days after seedhig (neq HC®/L). At the conclusion

of the study SQM Ultrasol Premiuml6-5-16, Seabird Guano, Liquid Chicken
Litter + Sodium Nitrate, and Fish Emulsion produced the highest mundé usable
seedlings. Treatments comprised of Blood Meal, Sodium Nitrate, Corn Gluten, and Soy
Protein produced the fewest usable seedlings due to severe phosphorus deficiency. In
the field evaluation, cured leaf yield was as follows: Sodium Nitrate/P&aeinOBlood

Meal OSeabird Guano > Corn Glut®ireather MealODry Chicken Litter > Nemeated
Control. Cured leaf value followed a similar trend. Liquid Chicken Litter + Sodium Nitrate
and Fish Emulsion were excluded from the field study. Preliminary results subgest
LiquidChickerLitter + SodiumNitrate and FisHEmulsion might be suitable alternativés
Seabird Guano in the float system and that Soy Protein may serve as another option for
field production.
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AP 17

Variation of soil potassiunguantity-intensity relationship in fluecured
tobaccorape rotation system under longerm located potassium application

DAI Kuai(1); LI Jiangzhou(1); ZHANG Limeng(1); JI Sigui(1); LONG Huaiyu(2); XU Zhaoli(3);
DUAN Yuqi(3); YANG Yuhong(3); LU Xiupirgf); Yongge(1); BU Lingduo(1)

(1) Yunnan Tobacco Company Yuxi Branch/Biological Control of Tobacco Diseases and Insect
Pests Engineering Research Center of China, Yuxi 653100, P.R. China

(2) Institute of Agriculture Resources and Regional Planning, Chasstamy of Agricultural
Sciences, Beijing 100081, P.R. China

(3) Yunnan Tobacco Agriculture Research Institute,Kunming 650031,P.R. China

The aim of his study was to explorhe effect of longterm potassium application on soil
potassium supplycapacity, so as to provideertain scientific basis for rationsing
potassium application and continuing researchtba development of agricultural soil.

Along term potassium fertgation experiment on a tobacempe rotation systenwas

carried out. Itwas designed to have 0,187.5 or 3&hhm? K:O applied to fluecured
tobacco and 3&g-hm? to rape il samples were collected for analysis of apparent
balance andquantity-intensity (Q/I) of soil potassium, andelevant paramegrs,

i.e. K equilibrium activity ratio (AR soil labile K (K nonspecific labile K-kKo) and
specific labile K (Kx), potential buffering capacity (PBC), K and Ca+Mg exchange free
energy change-kG), and soil properties, like readdyailable K (Kav), slowly available K
(Knex),K saturation degree § clay mineralcomponentswere analysed Moreover,
relationshipsbetween Q/I parameters and soil properties in the Hugred tobaccerape
cropping systemvere studied

Results show that after 20 years of the stationary experimeng,vaRed in the range of
0.38x10*~8.91x1F(mol-L1)%5, -k Ko of 0.02-0.55 cmol-kg, K of 1.61-2.16 cmol-kg, KX

of 1.062.14 cmol-kg, PBC of 6.27.76 cmol-kg(mol-11)%5 and-kG of 11.70-19.72
kJ-mot. Obviously K application enhanced botheARd -kKo, but reduced K Kx, PBC,
and-kG. Kav, Knexsldnd Kab wereaerysignificantly and positively correlated with AR
and-kKo, but negatively with KKx, PBC aniG. Signiiant relationships were observed
between the parameters of the Q/I curve of soil K, and these parameters could be
integrated into a principal component index, which was significantly lower in K
application treatments than in no K application treatmentsil fotassium was retained
mainly interlaminarly in clay mineral crystals and lower indailability in the soils with

no K applied, but on edges of the clay mineral crystals and higher-avhitability in the
soils applied with K. Hence, the soilshwio K applied were higher in vermiculite content,
but lower in illite content than the soils with K applied.

In conclusion, lhthe Q/I curve parameters, such assAR, K, Kx, PBCkG, can be used

as indicators for evaluation of soil potassium supply capacity. Apparent balance of soil
potassium is a major factor driving changes in K Q/I curve shapia #meldifferentiation

of its parameters, variation of potassium supply capacity emnolutionof soil minerals.

The higher the K application rate, the higher the soil potassium surplus and the higher
the soil supply capacity. In the soils under long term potassium deficiency, mineral
potassium transforms into specific labile K at a bigtate than specific labile K does into
non-specific labile K. Lorigrm potassium deficiency causes transformation of illite into
vermiculite.
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AP 18

Establishing application protocols for poultry litter and feather meal in organic
Burley tobacco production

SUCHOFF D.H.; VANN M.C.; FISHER L.R.; WHITLEY D.S.

North Carolina State University, Department of Crop & Soil Sciences, 101 Derieux Place, Raleigh,
NC 27695, U.S.A.

Information on nutrient management in organiBurley tobacco is limited. Unlike
conventional nitrogen (N) sources, which are readily available for plant use upon
application, organic N fertilizers require microbiaheralization to become plant available.

As such, optimizing the synchrony of plant N demand amertMizer mineralization can

be challenging. Two studies were conducted at the Mountain Research Station in
Waynesville (W), drth Carolina and the Upper Muntain Research Station in Laurel
Springs (LS),dkth Carolinain 2018. Study one investigated the effects of application
methods (broadcast, split application, and side dress) of pelleted, hydrolyzed feather
meal (Nature Safe® 4B0) and composted chiek poultry manure (Harmony-%-3).
Study two compared application rates (168, 224, 280, andkg3Ba’) of both organic
fertilizers. A conventional control (SQM-0246 + 280-0 liquid UAN) was split applied
(112kg-hat broadcast during field pregration and 112kg-ha' side-dressedten days

after transplanting). Yields, quality, total alkaloid content, and leaf nitrate levels
increased linearly with increasing application rates at LS. Leaf nitrate concentrations were
highest in feather meal regarelis of rate at LS. At both sites feather meal significantly
increased total alkaloid content compared to poultry manure. In study two, application
methods did not affect yield at LS; however, split application resulted in higher yields
compared to broadcdsapplication at W (4358g-ha' vs 376Ckg-hal, respectively).
Similar to study one, alkaloids where higher in feather meal treatmentsBan
poultry litter (3.8%). The linear trend in application rates suggests that higher rates may
be requiredto maximize yield. Furthermore, split application of fertilizer may benefit
growers as it resulted in higher yields at LS and may protect against potential N leaching
in case of significant early season rain events. Finally, feather meal may be a patier o

as it resulted in higher total alkaloids across both studies.
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AP 19

Effects of rotation and organic fertiders on soil waterstable aggregate stability
and their associated carbon and nitrogen flue-cured tobacco production

HU Binbin; REN Ke; CHEN Yanjie; GONGJIANG Shiqi; ZOU Congming; CHEN Yi;
ZHAO Gaokun; HUANG Wei; XU Zhaoli; JIN Yan

Yunnan Academy of Tobacco Agricultural Sciences, Yunnan, Kunming 650021, P.R. China

Longterm mono-cropping and over application of chemical fersdirs will result in
reduced waterstable soil aggregate stability and sairogen (N) and carbon ) stocks.

To understand how agronomic practices affeeil structure and organic matter storage,
this study inestigated the effect of rotation and fertion type on the proportion of
water-stable aggregates and aggregatesociated soil organic carbon (SOC) and total soll
nitrogen (TSN) concentrations and stocks. Two tobacco rotation systems (tobacco
monoculure and tobaccecorn rotation) with five fertilizer treatments (Kg N/ha, and
75kg N/ha, and 458g oil caker 75kg N/ha, and 1500Rg manure + 6@g N/ha, and
3000kg straw +7/5kgN/ha) were established in 2007. Aften years, soil aggregation
and aggregatessociated SOC and TSN were significantly affected by rotation and
fertiliser types at different soil depths. Rotation, feddtion type and soil depth rotation
signifiantly affected soil bulk density, mean weight diameter (MWD) and geometric
mean diameter (GMD) of soil aggregate. Compared with tobacco mmuping
tobaccacorn rotation can significantly increase MWD and GMD, and GMD of sall
aggregates will also sigiwéntly increase with the increment of soil depth. Compared
with mono-cropping and solapplication of chemical fertder, rotation and organic
fertiliser can effectively improve the proportion of large ma@ggregate components
(>2000pm) and MWD and GMD, but the proportion of miaggregate components
(25053 um) is significantly reduced. The effect of fesélh type and rotation on the soll
organic carbon (SOC) content of large mamggregate components @000 um) was
more obvous than that of the soluble total soil nitrogen (TSN) of the aggregates under
this particle size. To sum up, rotation and organic feetiliapplication in tobacco
production can stabse the proportion of largesize aggregates in the surface soil and
promote the formation of agglomerates, to better maintain the SOC and TSN.
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AP 20

Implications of chloride application rate and nitrogen fertilizer souroe flue-
cured tobacco

VANN M.C.(1); HARDY D.H.(2); FISHER L.R.(1)

(1) North Carolina State University, Department of Crop & Soil Sciences, NCSU Campus Box 7620,

Raleigh, NC 27695, U.S.A.
(2) North Carolina Department of Agriculture & Consumer SenAgesnomic Division,
4300 Reedy Creek Road, Raleigh, NC 27607, U.S.A.

Chloride (C) assimilation by flueured tobacco can be toxic and may negatively impact
leaf quality and combustion when tissue concentration excee#sUptake is influenced
by exposure to Nkt and Ci particularly that coming from fertilizemhe impatof these
factors has not been fully described in modern systems utilizing redoestor custorn
blend fertility programs.Research was conducted to test the interaction of four ClI
application rates (0, 34, 64and 101kghat) and fournitrogen (N) fertilizer sources
(calcium nitrate, ammonium nitrate, uremmmonium nitrate, and ammonium sulfate) on
the growth and development of flueured tobaccoThe impact of N source was minimal
in green tissue; however, ammonium sulfate reduced cured leaf qualiyive to other

N sourcesChloride rateD34 kg ha reduced foliar total N and NOneasurements by
0.12 to 0.42%band 789 to 1,348ngkg?, respectively, two weeks after applicatidvitrate
concentration was also reduced at layby, while Rari€l Mg responded positively to Cl
application between in latseason measurementgfter curing, total N and alkaloids
were reduced while reducing sugars were maximized aapPlication increased from

0 to 34kghat. Chloride concentration exceedddin application rateD34kgha? in
earlyseason and posturing measurements, although toxic symptoms were not
observed nor were yield, quality, or value affectédorder to maintain cured leaf quality
producers should utilize N sources contag@25 %NGs. Likewise, Capplication should
not exceed 34«ghatin order to maintain the integrity of manufactured products.
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AP 21

Evaluations of rimsulfurorapplication timing and rate in fluecured tobacco
VANN M.C.; INMAN M.D.

North Carolina State University, Department of Crop & Soil Sciences, NCSU Campus Box 7620,
Raleigh, NC 27695, U.S.A.

Field studies were conducted from 2016 through 2018 to evaluaidured tobacco
response to rimsulfuron application timing and rate (17 and 34.dva?). Additionally,
weed control was evaluated in combination with current recommended herbicide
programs for fluecured tobacco production. Depending on rate, visugiry ranged
from 6 to 33%across environments when rimsulfuron was applied postemergence over
the-top (POTYhree weeks after transplantingWAT) Bysix WATno visual injury was
observed and there were no differences in yield, quality, or value of ele@dwhen
compared to tobacco receiving only clomazone plus sulfentrazonetrgnsplant
(PRET). No injury was observed for any PR&r postdirected (PD) elay-by application
containing rimsulfuron. When applied PD, rimsulfuron performed similar to
pendimethlain and napropamide for Palmer amarardm@aranthus palmerjiand grass
control Digitaria sanguinaliEleusine indigaandEchinochloa crugalli), while providing
slightly greater control of yellow nutsedg€yperus esculentusThese results indicate
rimsulfuron did not adversely affect yield components of ftuged tobacco. However,
due to potential early season injury, POT applications of rimsafuwill not be
recommended. The addition of rimsufluron, PREand PD, would provide flerired
tobacco growers with additional options for weed control.
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AP 22

Organic suckercides: screening variac@mpounds for efficacy and injury
potential

SUCHOFF D.H.; VANN M.C.; SHORT M.M.

North Carolina State University, Department of Crop & Soil Sciences, NCSU Campus Box 7620,
Raleigh, NC 27695, U.S.A.

Organically derived fatty alcohol products arseful for the control of tobacco axillary
buds (suckers) and are greatly needed by commercial tobacco farmers. Recently, USDA
National Organic Program approval of these products has been scrutinized, leaving
farmers, certifying agencies, and tobacco bwyeith questions about the efficacy and
injury potential of alternative products. The objective of this research was to evaluate a
variety of materials that might be used for chemical sucker control. Materials investigated
included pelargonic acid, vegetatoil, canola oil, and peppermint + spearmint oil using
two different application methods: a standardn®zzle boom or a droplin€atty alcohol

was included for comparison and evaluated using both application methods. Chemical
injury was minimal followig each treatment except for those containing pelargonic acid.
Injury was greatest when applied with then®zzle boom and was reduced by nearly?60

with the dropline; however, injury following the dropline application was still greater than
that resultingfrom other treatment combinations. Sucker control was acceptable with
pelargonic acid (83 to 9%) and was similar to that resulting from fatty alcohol
(99-100%). Sucker control was <4 among all other treatments, with peppermint +
spearmint oil (32 to 340 providing better efficacy than canola (9 to % or vegetable

oil (-3 to 7%). Cured leaf yield, quality, and value were likewise greatest in fatty alcohol
treatments due to maximied sucker control and minimized chemical injury. Treatments
containing the alternative products resulted in lower pbsirvest measurements due to
extreme injury (pelargonic acid) or poor sucker contfioducers are encouraged to
utilize fatty alcohol util the alternative products can be #fiermulated and reevaluated.
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AP 23

Evaluation of contact and locadystemic sucker control products on fleeured
tobacco in Canada

RICHMOND M.D.; SHEARER A.D.; ELLENBERGER E.; SAUDE C.; MISHRA S,;
AMANKWA G.A.

Canadian Tobacco Research Foundation, Tillsonburg, Ontario, Canada

In Canada, control of axillary buds (suckers) for-flueed tobacco is currently achieved
through the use blong chain fatty alcohols, more specificalhd@canol (C10)Fatty
alcohols are contaetype suckercides that must be applied in a way that contacts each
leaf axil to effectively control sucker growtlirRecently, research has shown that
pelargonic acid KA) has contachctivity on suckers but can result in phytotoxicity.
However, sucker control without phytotoxicity using multiple applications at lower rates
(0.5%to 1.0% has been reportedlhe Canadian Tobacco Research Foundation initiated
a field exgriment in 2019 with the objective to evaluate other sucker control products
in comparison with the only registered active ingredientd@tanol) on agronomic
performance of fluecured tobacco.The biocontrol product Beloukha (a.i. 680 g/L PA)
from BELCHM Crop Protection was applied in five applications with @a\&'v for the

first application and 1.06Vv/v for all remaining applications at a volume of 467 LAma.
addition, the locakystemic products, Drexalin Plus (alB.7% flumetralin, Drexel
Chemcal Company) and TdNus (a.i. 5686 1-decanol + #oflumetralin, Drexel Chemical
Company) were also evaluated. Preliminary results including sucker control, plant
growth, leaf drop and phytotoxicity data from the field experiment will be discussed.
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AP 24

Effects of early removal of lower leaf on ripening patterns, yield and quality in
tobacco

DUVENAGE |.(BARKER (R); COOKE K.(3)

(1) ContratNicotexTobacco GmbH, 91 Coventry Road, Workington, Harare, Zimbabwe
(2) Curverid Tobacco (Pvt) Ltd, 91 Coventry Road, Workington, Harare, Zimbabwe
(3) Tobacco Grower, Beatrice Farming Area, Zimbabwe

With the global ovessupply of filler styles tobaccdl{cotiara tabacumL.), especially leaf

from lower plant positions, growers are seeking methods to increase economic returns.
hyS adzOK | LIINERI OK (KId “%AYolFo6sS ANRPSSNAEQ
lowermost leaves. These are considered to hold little ecorosalue in the current global
markets. This practice is also used by growers on later planted crops to reduce leaf
ripening clashes with earlier planted crops. The aim of the research was to determine the
following effects of the early removal of lower lgss: days to topping after transplanting,
diseases, leaf ripening rates, yield and quality. Research was conducted in 2018/19
season using three sets of trials (each having three subsets) to determine the outcome of
not removing leaves and removing 5 an@dl laves at six weeks after planting. All three
sets were topped to 19 leaves. All agronomic practices were carried out equally between
the trial sets (no additional fertilizer was applied). Durthg trial period precipitation

levels were supplemented W irrigation over unusually lengthy dry spells. It was found
that the removal offive leaves anden leaves delayed topping by one week and two
weeks respectively. Notable differences were found between the ripening rates of each
trial set. The effectsen quality, yield and economic merit will be discussed further in the
body of this paper.
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AP 25

Lower leaf removal and nitrogen application programs for fhaeired tobacco
production

VANN M.C.(1); FINCH C.E.(1); FISHER L.R.(1); WELLS R.(1); BROWN A.B.(2)

(1) North Carolina State University, Department of Crop & Soil Sciences, NCSU Campus Box 7620,

Raleigh, NC 27695, U.S.A.
(2) North Carolina State University, Department of Agricul&Edonomic Resources,
NCSU Campus Box 8109, Raleigh, NC 27695, U.S.A.

With a current global ovesupply of fluecured tobacco, tobacco producers in North
Carolina have been encouraged to remove the lowermost leaves prior to harvest due to
their lowvalue in manufactured products. The objective of this research was to compare
lower-leaf removal programs. Research was conducted in 2016 and 2017 to quantify the
agronomic effects of three lowdeaf removal programs (0, 4, and 8 leaves pluand

the subsequent delivery of founitrogen () application rates (0, 5.6, 11.2, and
16.9kgN ha' above base recommendation). All treatmecwmbinations were applied
during the early flowering stage of growth-{® weeks after transplanting). Pn@ms
absent of leaf removal generally produced the highest cured leaf yield. The addition of
16.9kgN ha' increased yield when compared to lower N application rates within the 4
leaf removal program. Nitrogen application did not affect yield in thieaf removal
program. Cured leaf value was greatest in the 0 leaf removal program ($US 107931 ha
and was reduced in the 4 and 8 leaf programs by $US 1,611 and 284 pectively.
Lowerstalk positions were nearly eliminated in the 8 leaf removalgpam, while the 4

leaf removal program reduced their presence by more tharbOltimately, if these
programs are to be encouraged or required by industry, the removal of 4 leaves per plant
proved to be more practical when paired with additional N, doemoderate vyield
reduction and lowesstalk leaf production.
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AP 26

Cured leaf residues following applications of fluopicolide, indoxacarb, and
oxathiapiprolin to flue-cured tobacco

VANN M.C.; INMAN M.DNVHITLEY D.S.

North Carolina State University, Department of Crop & Soil Sciences, NCSU Campus Box 7620,
Raleigh, NC 27695, U.S.A.

Pesticide residues found on cured tobacco remain a large concern to the allied tobacco
industry. To better quantifycured leaf residues, three active ingredients (fluopicolide,
indoxacarb, and oxathiapiprolin) were applied to flicered tobacco grown in six North
Carolina environments from 2016 to 201Bluopicolide residues were consistently
among the highest documendein this evaluation (7.2B1g/kg maximum), which was
most likely a result of the compound having the shortest PHI (7 days) among the products
tested. The highest indoxacarb residue was 21&/kg, which was identified in lower

stalk position samples celtted from one environment in 2018dditional data suggests

that indoxacarb residues are likely to b € mg/kg.Oxathiapiprolin was below the limit

of quantification (0.09ngkg?) in 98.6% of the samples analyzed and averaged
0.10mg/kg in the laver-stalk position of one environment in 201Results from this
study indicate that cured leaf residues from fluopicolide are moderate relative to
indoxacarb and oxathiapiprolin, but amot as great as other pesticides for which
Guidance Residue Limitge currently establishedrFurthermorg it is plausible that
residues from commercial farming operations would be lower than those reported due
to Integrated Pest Management practicésirther investigations are warranted in order

to better identify resides resulting from applications delivered using recommendations
put forth by Cooperative Extension Services in the southeg U
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AP 27

A low cost, efficient, multifuel heat exchange system availed Bimbabwean
small holder growers

MUNANGA W.; DIMBI S.; MUZAVAZI| S.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Harare, Zimbabwe

Zimbabwe currently has some 165,000 registered tobacco growerd @5which are

small holders who utie less than two hectares of land for growing the crop. This group
of growers relies mostly on indigenous fwebod for curing their crop, a practise that is
unsustainable as it leads to deforestation. While coal is readily available, the current heat
exchange systems for most of the barns wll by small holders require electricity
powered blowers for it to burn efficiently. Unfortunately, electricity is not readily
available in the rural areas where most of these growerslacated Thus, it became
necessary to develop alternative heat exchange systems that obviate the requirement for
an electrical energy source. Recently, a new heat exchange system named the Twin Turbo
Design (TTD) was developed to fulfil this requirement. The main objective i tiloig

was, therefore, to evaluate the curing efficiency of the Twin Turbo heat exchange system.
Three treatments, namely the Twin Turbo Barn, a Retrofit barn (Rocket barn retrofitted
with the Twin Turbo heat exchange systelesigr) and the Standard Rockbarn were
evaluated. Coal cobbles were used as the curing fuel. Results showed that the Twin Turbo
barn had the highest fuel use efficiency within the acceptable barn turnaround time of
seven days. Additionally it had the highest combustion efficiencpitkethe absence of

a fan and also produced high quality leaf. It was also found that this heat exchange is not
only more efficient but also has the added advantage that other sustainable fuel sources
such as biomass briquettes and LP gas can bsedtilVhile there are concerted efforts

to find more environmentally friendly and sustainable substitutes for coal, it is currently
the only readily available alternative to the use of indigenous fuel wood sources and the
small holder growers can now also adafgtuse.
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AP 28

Latest innovations in improving efficiencies in tobacco curing in Zimbabwe: the
Super Eco Curer

STOKES R.
ROC Systems, Lot 5 of Lot 1, Veradale, Chinhoyi, Zimbabwe

As ROC Systems is on a continuous development drive, the $eardw novel ways to
improve quality and efficiency of curers has led us to the design of the super eco curer.
Using differentvet bulb temperatures on each day of the curing processdsiabout the
optimum conditions for the three basic stages of curing, eliminating fungal barn rot,
sponge in lower reapirggand slate in higher reapiagUsing the different wet bulb
temperature we determine which enzyme we want to work in the leafhat different
stages. With a traditional-8ay cure, Stage 1 which is day 1 and 2 we run the curer at a
web bulb of 33Cto 35°Cwhich is the optimum temperature for chlorophyllase, the
enzyme that metabodes chlorophyll, at this stage sufficient wilting is also expected to
concentrate the chlorophyllase enzyme and speed up colouring. Stage 2 which is day 3
and 4 is lamina drying and starch breakdown. The key enzyme for the breakdown of
starch is amylase antsioptimum operating wet bulb temperature is 38 and above.
Having sufficiently wilted our leaf ofage 1 ensures that we have increased the
concentration of our amylase in the leaf and this speeds up the breakdown of starch.
Stage 3which isour traditional day 5 and @s our midrib dryingwhere we are aiming at
energy saving with the most efficient wet bulb temperatures beingtd30C Curing the
super eco way has ensured our clientele with up t&/@gaving on curing fuel anup to
30%more capacity for the same capital outlay.
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AP 29

Construction of green flueured tobacco strips aging technology based on four
stage controlled atmosphere method

HE Wei(1); MU Wenjun(2); FAN Jiangiang(1); BAO Kexiang(1); CHEN Yigiang(1);
LIN Jian(1); QI Lingfeng(1); ZHANG Ruigiang(1); ZHANG Zengji(1); GUO Jianhua(2);
SONG Jizhen(2); WANG Chunlu(3); FAN Tiantian(3)

(1) Fujian Tobacco Industry Co., Ltd., No. 1d8/ue Road, Xiamen 301001, P.R. China

(2) Key Laboratory of E®mvironment and Leaf Tobacco Quality, Zhengzhou Tobacco Research
Institute of CNTC, No. 2 Fengyang Street, Zhengzhou 450001, P.R. China

(3) Beijing Yingfengitai Technology & Trade Co., Ltd., 12C4, No T2, XiHuan Plaza No. 1,
XiZzhiMenWai Street, XiCheng District, Beijing 10044, P.R. China

Aging of fluecured tobacco strips plays an important role in improving gjuality and

use value of tobacco. Natal aging is the most widely used storage method at present,
but there are still some problems, such as shorter suitable aging duration, easy
occurrence of mildew and storage pests and using chemical pesticides for fumigation. In
this study, we establisltea new controlleeatmosphere (CA) aging technology which
divided theaging period into four stages according to the different purposes. The first
stage is based on natural aging, and the latter three CA stages were CA pests and mildew
control, CA agingral CA quality maintenance stage, respectively. The sensory quality,
appearance quality, carotenoid content and pH value were compared between natural
aging and fousstage CA aging using fheared tobacco strips from different tobacco
production areas. Theesults showed that the tobacco beetles and mildew can be
effectively controlled using low oxygen concentratioiff@o) for 90 days. After fis, the
oxygen concentration was adjusted td%d~ 9 %for more than 120 daysThis CA aging
stage can signdantly improve the sensory quality and delay the eglarkening of
tobacco stripslastly, reducing the oxygen concentration belowy@and maintaining it

until the tobacco stack was opened. The technology not only improved the tobacco aging
quality, bu also extended the suitable aging duration by at least 15 months compared to
the natural aging. The decrease rate of carotenoids and pH values were also delayed. The
key periods of tobacco aging duration were subdivided ahdmicalpesticides were
avoided in our study. The fotstage CA aging technology supplied a green,-qigidity

and environmentdy friendly system for tobacco strips storage.
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AP 30

Lethal effect of low pressure on theigarette beetle
FUKAZAWA N.; TAKAHASHI R.; IMAI'T.
Japan Tobacco Inc., Leaf Tobacco Research Center, 1900 Idei, Oyama, T-0&8ti§j 32pfan

Low-oxygen (@ controlled atmosphere (CA) is becoming used more commonly for
disinfestation of storedtobacco. Generally, oM@ atmospheres are achieved by
nitrogenpurge. Practical CA chambers require approximately 24 h to reduce the partial
pressure of @to lethal levelsDecompressiois another means of reducing the @artial
pressure. Lethal low pssures are achievable in much shorter periods of time using a
vacuum pump. This study examined the lethality of low pressures on the cigarette beetle
(Lasioderma serricorpeo verify the equivalence of low.@nd low pressures in terms of
lethality. Tess were conducted in a temperatw@ntrolled room (1835°Q. Eggs,
larvae, pupae, and adults were exposed to reduced pressure in vacuum desiccators
(0.85 L). Desiccators were serially connected to a vacuum pump by polyurethane tubing.
The air in the dascators was evacuated to the target pressures (2.5, 5, or 10 kPa) with a
vacuum pump. The desiccators were disconnected sequentially from the distal end and
were vented at predetermined intervals. After treatment, viability of the insects was
assessed. Relts demonstrated that the highest lethality was achieved at 5 kPa. At this
pressure level, the time necessary to achievé@ethality in all growing stages (9.8 d at
20°C 7.0 d at 25Q was much shorter than lovi, (0.5%) treatment (35.6 d at 20C

25.2 d at 25Q. Susceptibility to low pressure varied among growing stages: eggs and
pupae were the most tolerant; adults and larvae were less tolerant.-f@ssure
treatment is not equivalent to lovD; treatment because the most tolerant stages agin
low-O, are opposite: adults and larvae. These results suggest thaptessure and
low-O, treatment can be mutually complementary and that synergies can be created by
combining these two treatments.
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AP 31

Agronomic performance of some exotic tobacco cultivars under the
Zimbabwean environmental conditions

RUZANE R.T.; DIMBI S.; MAGAMA F.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Harare, Zimbabwe

Tobacco production is an activity bigh economic importance in many countries and
variety development and selection of appropriate varieties is key to productivity.
Breeding and deployment of novel and suitable varieties is a business which spans
continental barriers and it is, thereforerydent to routinely screen cultivars developed
from other places (exotic) for novelty, broad adaptation and resistance to commonly
occurring local tobacco diseases. A thyear study (20162018) was conducted at
Kutsaga Research Station in Zimbabwe \hi objective of evaluating the agronomic
performance of 13 exotic flueured cultivars [Brazil (6), China (2), South Africa (2) and
United States of America (3)] against the performance of five locally developed varieties.
The experiment was setup agsandomisedcompleteblock design with 17 entrieshree

blocks andtwo replications. Full agronomic data includidgys to 50% topping, leaf
expansion measurements, cured leaf yields and styles, grade indices and stalk heights will
be presented and discussealong with he performance of each exotic cultivar and the
implications
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AP 32

Development of short season tobacco varieties for marginal tobagcowing
regions of Zimbabwe

SHAMUDZARIRA M.; DIMBI S.; MAGAMA F.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Harare, Zimbabwe

The advent of climate change has brought about a need for tobacco varieties capable of
adapting to marginkclimatic conditions. Also, the perceived profitability of the tobacco
enterprise by small scale growers in Zimbabwe has led to a staggering increase in the
number of tobacco farmers, with the consequence that tobacco is now cultivated in
marginal and nosraditional regions. These regions receive significantly lower rainfall,
which is often poorly distributed and also experience consistently higher seasonal
temperatures compared to traditional growing regions. An ideotype of varieties to
ameliorate such dbilitating challenges is fagfrowingto escape drought, capable of
producing acceptable yields, multi disease resistant particularly toknot nematodes
(Meloidogyne javanicaandtobaccomosaicvirus. Such an ideotype variety would be
capable of gick growth and development that would allow it to accumulate biomass
relatively quickly before the full effects of drought conditions limit productivity. A
breeding programme was, therefore, designed which generated 12 experimental tobacco
hybrids that wee subjected to two years of full agronomic testing in a very marginal
flue-cured tobacco production are@MakoholiResearch Station, Masvingo, Zimbabwe).
Results of the trial will be presented and discussed. The economic implications of
deploying short season tobacco varieties to farmers and contracting merchants will also
be highlighted.
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AP 33

Cigar wrapper production in Zimbabwe: an overview of past, present and
future prospects

MUKOYI F.(1): MAGAMA F.(1); EDMONDSON A.(2); GUILD L.(3); GARWE D.(1)

(1) Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Roadirtdatvee
(2) Von Eicken, DrechslerstralRe 1, 23556 Lubeck, Germany
(3) Mapeto Farm, Burma Valley, Shop No. 5, Suffolk Dr., Strathaven, Harare, Zimbabwe

The cigar wrapper tobacco type was once grown in Zimbabwe in the early 1950s in a
project that was championed bgritish American Tobacco (BAT). However, production
was stifled owing to viability challenges coupled with loss of interest from growleese T

has been renewed interest in the growing of cigar wrappers in Zimbabwe spurred by a
variety of reasons such as worldwide demand and forestry conservation. To serve this
niche market, the Tobacco Research Board has for the past five yearseidegonomic
research and the development of new varieties with improved yields, enhanced foliar
disease resistance and excellent cigar wrapper cured leaf quality. However, to resuscitate
cigar wrapper production in Zimbabwe, a review of the past is criticAbryugh scrutiny

of the bottlenecks, challenges faced and current and prevailing opportunities is
necessary. This presentation will provide perspectives and insights into the significance
of cigar wrapper production in Zimbabwe, historical backgroundiec status, major
limitations and opportunities. The paper will offer strategic information to besatiliby
researchers, investors, leaf merchants, policymakers and other stakeholders on cigar
wrapper production in Zimbabwe.
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AP 34

Alkaloid content of wide tobacco germplasnhe search for high and low
nicotine content accumulating genotypes

MAGAMA F.; SHAMUDZARIRA M.; GARWE D.
Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring RoadZihdavae

Tobacco alkaloids are essential for the flawoaddictiveness, carcinogenicity and
utilisation of blended fluecured tobacco. Although there are strict limits on nicotine and
nornicotine content permitted, there is renewed impetus to determine the possible
extremes of alkaloid content in tobacco, especially for nicotine. Information on the
nicotine content potential of tobaccwarietiesis specifically important for nicotine
extraction am nicotine blending purposes. A twear field study was conducted at
Kutsaga Research Station in Zimbabwe to determine the alkaloid content (nicotine,
nornicotine, anatabine and anabasine) of 57 lines of wide tobacco germplasm annotated
as having eitherigh or low nicotine content but without the specific content having been
determined.Two experiments were set up, the first with 40 lines designated high nicotine
content and the second with 17 lines designated low nicotine content. A-[Septit
statisticd design with two blocks for each trial was used for both experiments with variety
and nitrogen fertiliser (34.5% N) level being the main and subplptespectively. Two
fertiliser levelswere used, for the first experiment; 5 g (normal) and 7.5 g GepbPer

plant while for the second experimeng g (normal) and 2.5 g50%) per plant.
Agronomic management of axillary bud topping and nitrogen rate manipulation were
employed to enhance or subdue nicotine productionraquired for the experiment.
Curd leaf was subjected to alkaloid content analysis. The results demonstrated the
plasticity of nicotine accumulation across wide genotypes and a full rangékaloid
compositionin each genotype will be presented. High or low nicotine conggmotypes

will act as models for wdepth genetics and biochemistry studies of nicotine and other
alkaloid biosynthesis and ultimately inform breeding projects of strategies on lowering or
increasing the nicotine content of varieties.
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AP 35

Genetic mapping and characterization of tipale yellow (Py) locus responsible
for accelerated senescence in dark tobacco

PRAMOD SADAMS ADAVIS G.; LUSSO M.; FREDERICK J.; XU D.

Altria Client Services LLC, Product Design & Maintenance, 601 East Jackson St., Richmond,
VA 23219, U.S.A.

In commercial dark tobacco varietieNi¢otiana tabacunil.), accelerated senescence
trait not only helps reduce TSNAs that are otherwise accumdldteing the yellowing
process associated with traditional dark varieties but also, could benefit growers in
managing their double crop fireuring barns. Previous work has shown the effect of two
loci (Ybland Yb2 on accelerated senescence Barley tobacco. The pale yellowPy)
locus, that is distinct from th&bland Yb2loci, is also known to accelerate senescence
in Burley, fluecured and dark cultivardncorporating thePy locus into a breeding
program till date entailed a time consuming and suibiye selection process, as the locus
was uncharacterized. In this study, we mapped Rydocus on the tobacco genome, and
identified SNP markers to facilitate accelerated breeding of the trait.

The mapping population used in this study rsR2 generation resulting from a cross
between dark tobacco variety Narrow Leaf Madole LC (NLM LCPywariety) and
T11372 (source of th@ylocus). A total of 192 F2 individuals were phenotyped using
multiple methods for thePytrait, and a total of 93F2 individuals and the parental lines
were genotyped using a custom tobacco axiom agagsisting of nearly 170,000 SNPs
spread across the tobacco genome. The genotypic and phenotypic data were used in a
Quantitative Trait Loci (QTL) mapping experimentamtify the genetic control of they

trait. A QTL explaining P& of variance in thePytrait was identified from this analysis.

We further designed high throughput KASP® markers for six SNPs within this region, to
enable rapid identification of thePy trait in breeding populations. Also, putative
candidate genes within this QTL region were identified using RNASeq differential gene
expression analysis. Further efforts to characterize the mode of action and function of
these candidate genes are currentigderway.
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AP 36

Mutations of phytochelatin synthase (PCS) genes by CRISPRfEdgbe
accumulation of cadmium in tobacco leaves

SEOH.S,; LEE Y.G,; KIM K.C.; OH K.H.; JEON E.Y.; NAW.H.; LEE J.H.

KT&GResearch Institute, Gajecng 30, Yuseongu, Daejeon, South Korea

/| F RYAdzY o6/ RO Aa OflFaaAfFASR +ta | /flaa w
Agency for Research on Cancer (IARC). Cd accumulation in crop plants including tobacco
(Nicotiana tdbacum) can lead to human exposure. Cd is a4esgential heavy metal and
may causeoxidative stress and proteolytic degradation. Phytochelatins (PCs) have a
major role in Cd detoxification. PCs form stable complexes with heavy metalarand
subsequentlytansported into the vacuoles. The objective of this study was to determine
whether cadmium in the plant leaves ieducedby inactivation of the phytochelatin
synthase (PCS). In this researthip types ofPCSgyenes inN. tabacumderived from
Nicotiana silvestrisand Nicotiana tomentosiformisnamed NtPCSsand NtPCStwere
identified. Using the clustered regularly interspaced short palindromic repeats
(CRISPR)/Cas9 system, we created mutanks tdbacumwith both genes inactivated
Plants in which theNtPCSsand NtPCSigenes were both mutated had 86 less leaf
cadmium concentration than wiltype plants. When these mutants were grown in the
greenhouse, they did not show any significant difference compatiddwild-type plants
except for height. NtPCSand NtPCStnutants were 1%%lower in height than wiletype
plants, but the number of leaves and the weight of leaves did not show any significant
difference. Mutations in thePCSgenes caused a slight growth disorder, but the
conceriration of cadmium in the leaves &f. tabacumwas greatly reduced.
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AP 37

Metabolic and transcriptomic shifts during tobacco leaf pasarvest
senescence

BOVET L.; HILFIKER A.; BATTEY J.; SIERBEPKRERT S.
PMI R&D, Philip Morris Products S.A., Quai Jeanrenaw®80CNeuchatel, Switzerland

Tobacco is harvested after plant flowering, when the leaf senescence is more or less
visible depending on cultivars. Before the drying phase, current practices dilew t
senescence to proceed until the detached leaf becomes yellow. This yellowing phase is
known to be critical for the finaproperties of the leaf. This phase was ansdyg for
chemical and expression changes in leaves of cultivars belonging to the three main
tobacco types, VirginiaBurley, and Oriental, grown according to their respective
practices. In line with important metabolic changes, we observed a significarditicn

in the genetic programe, including chlorophyll degradation, amino acids, and reducing
sugar production within hours following the field harvest. We found thaBuney and
Oriental tobacco varieties, certain amino acids, such as asparagineraprdly
synthessed upon detachment, whereas the Virginia tobacco variety mainly produces
reducing sugars. Genes differentially expressed after two days of leaf senescence were
identified. Downregulated genes mostly belong to metabolic pathways, suckidegion
reduction, carbohydrate and lipid metabolism, and photosynthessy.(RuBisCO
subunits). On the other hand, upregulated genes are related to redox reactions,
transcription regulation, proteolysis, hydrolase activity, and other catabolic processes
This finding is consistent with previous studies depicting leaf senescence processes. Go
terms analysis performed after 48 hours allowed identification of key transcripts involved
in sugar and amino acid metabolism pathways, which may explain some oha@rnved
biochemical changes linked to the redistribution of carbon and nitrogen resources during
tobacco leaf senescence.
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AP 38

Metabolic profiling of mutant tobaccos with distinctive aroma based on gas
chromatographymass spectrometry and multivariate analysis

CAO Jianmin; XU Xiaoling; LIU Guanshan; CAO Pengyun; LIN Yingnan

Tobacco Research Institute of Chinese Academy of Agricultural Sciences, Qingdao 266101,
P.R. ChinaGraduate School of CAAS, Beijing 100081, P.R. China

A large number of mutant materials were obtained by chemical mutagenesis of tobacco
with ethyl methysulfonate (EMS) and new materials with distinctive aroma
characteristics were achieved by field screening, identification and sensory evaluation. To
investigate the chemical natures in mutant tobaccos with distinctive aramse@nd
lemon), principal component analysis (PCA) and partial least segdiaiminant analysis
(PLSDA) were applied to anadg the differences of volatile composition and metabolites

in tobacco buds at bud stage by a n@mget detection method based on gas
chromatograhy-mass spectrometry (GRIS). The results showed that 27 volatile
components were detected in the three materials, including 8 alcohols, 2 aldehydes,
3 ketones, 11 olefins and 3 others. Among them, the content of thetg-ocimene in

rose material wa significantly higher than that ithe other two materials, while the
content of linalool inlemon material was higher. A total of 60 metabolitascluding
amino acids, sugars, alcohols, organic acids and fatty acids were detected in the three
materials Fourteen metabolite markers, including 5 amino acids, 4 organic acids, 3
carbohydrates and 2 other metabolites, were screened from the metabolites of the three
materials by VIP analysighe results indicated that the metabolic pathways of
terpenoids, amino acid metabolism, organic acid metabolism, sugar metabolism and
KREBS cycle of the two mutant materials were altered. This study can provide ideas for
the molecular breeding and genetimprovement of mutant tobacco materials, as well

as some suggestions for the industrial gétion of these new tobacco materials agoh

at the development of new tobacco products.
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AP 39

First report of apepper potato virus Y isolate affecting tobacco in Zimbabwe

MUFUNDA F.; CHINHEYA C.C.; MAGAMA F.; GARWE D.; DIMBI S.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Harare, Zimbabwe

Potato virus Y (PVY) is an economically importaeiedis, capable of causing 1@yield

losses particularly in late planted tobacco. This is so because the early growth stages
coincide with a peak in aphid vector populations. In December 2017, severe necrosis and
bronzing symptoms were widely reported parlarly on young tobacco plants
throughout the tobacco growing regions. In most of these cases, symptoms were
reported to be most severe just after a rainfall event. This study was, therefore, initiated
to establish the identity of the PVY strain that sad the outbreak. Thirtpne tobacco

leaf samples of PVY symptomatic plants were collected from Banket and Kutsaga lands.
Total RNA was extractezhd reverse transcribed to cDNA. The cDNA was converted to
DNA using primers targeting the coat protein, pofyiNd: &S 6 bmo U0 | YR o0 Qdzy(
regions. The DNA amplicons were cleaned and sequenced. Results of sequence analysis
showed eight isolates identified witRVY JVWI86 Genbank accession KF770835.1 (a
recombinant isolate identified on pepper in Kwazulu NaBaluth Africa) at 9%to 99 %
nucleotide identity and zero E value. Two isolates were identified a8 &wyY PVY
whereas, the remaining 21 sequences had sequence peaks indicatinfection and

were discarded. The sequences of the isolates were depbsitthe GenBank database
(accession numbers MH157082 to MH157091). Phylogenetic construction and molecular
evolutionary analyses showed study isolates clustered with thé 8MYPV Y reference
isolates from various geographic sites and obtained from @enbank. This study
demonstrates continued recombination of PVY strains as contributing to host adaptation,
further highlighting the risk in solanaceous crops. To the best of our knowledge this is the
first report of a peppelPVY JVVI86 strain affecting bbacco in Zimbabwe. This forms

the basis for further studies.
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AP 40

Progress in breeding and biocontrol dual approaches for tobacco broomrape
management

MALPICA A.(1); GUINCHARD L.(2): BACHET S.(1); WABHERTARD L.(4);
REIBEL C.(2); GAUTHERON N.(2); EDELHERMANN V.(2): STEINBERG C.(2);
GIBOT LECLERC S.(2)

(1) Bergerac Seed & Breeding (BSB), La Tour, 24100 Bergerac, France
(2) Agroécologie (AgroSup Dijon, INRA, Univ. Bourgogne Foché), 17 ruSully,
21000 Dijon, France
(3) Arvalis, Institut du Vegetal, La Tour, 24100 Bergerac, France
4/ 221LISNY ABS /¢HCX alAazy RS Q! ANAOdz G§dzNEZ H N

Tobacco broomrapgPhelipanche ramosaPhelipanche aegyptiacand Orobanche
Cernud is awidespread parasitic planfrom the Orobanchaceae familyhat causes
important damagen tobacco crops. Broomrapemainly present in Europe, Middle East
and Asia and no satisfactory chemical control strategy is available for growers. A project
combining breeding and agronomical efforts was initiated in France in 2016 involving
research and technical partners to evaleand implement an integrated broomrape
control strategy. The objectives of this multidisciplinary approach were to improve the
understanding of the genetic broomrape tolerances in connection to different crop
strategies. After several years of herbictdeatment evaluation bringing no satisfactory
results for growers, the key objective of this projaesto develop a new approach based

on the use of broomrape pathogens as biocontrol agents.

The breeding part of the project, led Bergerac Seed & 8eding BSB, focused on
evaluating identified sources of tolerance to different broomrape populations and
species. Testing Wika and two new tolerance soummegopulations of broomrape
collected in different countries revealed thtte Wika re@ssive gene brings interesting
tolerances toP. ramosandP. aegyptiacgopulations while none t®. cernuanes.

The biocontrol part of the project, led by Agroécologie and Arvalis, focused on hundreds
of fungi isolated from symptomatic broomrape2017 and 2018. Based on morphotypes,

a coarse visual identification and original plot locations, one hundred of them were
evaluated for their pathogenicity to broomrape. This screening revealed a dozen fungi
strains as promising mycoherbicide candidates bhbsge in situ efficacy on tobacco
broomrape has yet to be validated.

Combining breeding effortand new biocontrol strategies brings some hdpdobacco
growersfor an integrated control solution to broomrape parasitic activity.
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AP 41

Evaluation of the bieefficacy of the biological control agent3richoderma
PaecilomycesMycorrhizaand Bacillusspecies against roeknot nematodes

MAHERE T.S.; CHINHEYA BIMBI S.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Harare, Zimbabwe

The recent phasingut of fumigant nematicides, coupled with limited land for letegm
rotations in Zimbabwe, brought to the fore the need for new technologies for the
management of rootknot nematodes (RKNSs) in Zimbabwe. The use of biological control
agents is one such method, which is not only environmentally friendly but also
sustainable. The objectives of this trial were, therefore, to evaluate the efficacy of
biologial control agents for roeknot nematode control on tobacco in Zimbabwe. Five
biocontrol agents namelyrichoderma harzianufT 77)Mychorrhizaspp. + Trichoderma
harzianum Paecilomyces lilacinusBacillus firmusMychorrhizaspp. andPaecilomyces
lilacinus were evaluated in a pot experiment in the greenhouse. Rauit nematode
susceptible (KM10) and RKbabistant (K RK64) cultivars were used. The trial was
repeated for three seasons. The experimental design was a factorial replicated five times.
Plantswere individually inoculated with 0, 2000 and 50010 javanicaeggs. Thereafter,

the test biological control agents were applied at the following rakégcorrhizaspp. at
40kg/ha and 6kg/ha, Mycorrhizaspp. +Trichoderma harzianunat 200kg/ha and
300kg/ha andPaecilomyces lilacinwst inoculation. A chemical treatment, fluopyram
was also included as a standard. Root galling assessments were conducted at seven weeks
after inoculation using a scale of8)(where 0 = no galling and 8 plant dead)e Tésults
showed thatPaecilomyces lilacingave some RKN control (galling =1.44) at the lower
initial egg population of 2000 eggs while thachodermasolate was effective even at
5000eggs. Used in combination with resistant varieties, good rotations and
recommended cultural control practices, these two biological control agents provide a
promising sustainable control option for RKNs on tobacco in Zimbabwe.
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AP 42

Studyof the control effect of preceding crops on tobacco black shank

GAlI Xiaotong; XIA Zhenyuan; LU Canhua; HUANG Changjun; YUAN Cheng;
FANG Dunhuang

Yunnan Academy of Tobacco Agricultural Sciences, Yunnan, Kunming 650021aP.R. Chin

The aim of this study was investigate the control effect of preceding crops on tobacco
black shank and the effect on diversity of sni€roorganism.

Ten crops, e.g. rape, wheat, barley, broad bean, pea, garlic and ryegegsselected

as preceding plants and grown in the fields with aggravated tobacco black shank. The
effectivenesf crop rotation on tobacco black shank disease contrat measured by

the density assay ofPhytophthora parasiticavar. nicotianae using fluorescence
quantitative polymerase chain reaction (QPCR) assay, tobacco leaf disk assay and soll
dilution plating More importanty, the diversity of rhizosphere microbial community
structure of different preceding cropwas analysed by terminal restriction fragment
length polymorphisn{T-RFLR

Our resulsshowed that three preceding crops, ryegrass, garlic and hardeyeffectively
reduce the levels oPhytophthora parasiticaar. nicotianae with decreasd morbidity

and decreasé disease indexthe rhizosphere bacterial community structure and
community richness of different preceding crops were revealed by tR&IP method.

Our present study indicated thdarley, which showed the highest control efficiency on
redraining and reducingpbacco black shank pathogens, was the best precedingforop
tobacco cultivation. We also demonstrated thidie rhizosphere bacterial community
structure, which is critical for the health of land plants, wlamatically affected by
different preceding crops.
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AP 43

Tobacco crop protection against blue mtul: what strategy with organic and
biocontrol products?

KANE K.(1): LERQY,(1); VALADE.(1); GOUDOUNECHE(1); GUERY B.(2);
BRAY 0O.(3); MECHENIN V.(3); TARASCOU M.(3); SALGADO J.(3)

(1) Arvalis Institut du Végétal, Domaine de la Tour, 769 route de Sainte Alvere, 24100 Bergerac,
France

(2) Service Régional de I'Alimentation (SRAL)admeit5 A NSOl A2y DSYSNIfS RS Q!
(DGAL), France

(3) Fédération Régionale de Défense contre les Organismes Nuisibles (FREDON) Aquitaine,
71 Avenue Edouard Bourlaux, 33882 Villeld&®enon, France

Blue mauld, Peronospora tabacinas one ofthe most dangerous diseases for tobacco
crops in Europe angarticularly in FranceProtection against this disease is systematic
during the period of high rislas all registered crop protection agents are rather
preventive.

Currently, the cotrol of blue mauld revolves aroundixactive ingredients: Mancozeb +
Dimethomorph, Acibenzola&Methyl + MetalaxylM, Cyazofamid and Orange peel olil.
The latter is the only active ingredient allowed in organic farming and is also a compound
of biocontol products Almost all the conventional active substances are facing hurdles
in the European procedure for the renewal of their reapproval due to their unfavourable
toxicological and/or ecotoxicological profile, hence a need to look for new misdo
manage this disease.

In France, between 2009 and 2019, experiments agdilug mould have been set up
each year with several organic or biocontrol produatsorder to screen the most
effective which are selected to go through the approval stage.

In 2009 and 2010, the products tested alone presented low efficacies. From 2011
onwards, an increasein efficacy was noticed aghe rates of the treatmentswere
increasedand also becausgroduct associationgere investigated From 201@®nwards
trials have consistently shown good efficacy with biocontrol and organic products.

Today, despite a higher cost than current conventional registered solutibnan be
confirmedthat new effective organiand biocontrol solutions exist to contrblue mould
and that theseproducts have their place in an Integrated Pest Management.

112 CORESTA AP2019 Conference i Abstracts



Notes

CORESTA AP 2019

Victoria Falls - Zimbabwe

CORESTA AP2019 Conference i Abstracts 113



114

AP 45

The role of laboratory Quality Management Systems in ensuring compliance in
the tobacco industry: the case of the Tobacco Research Board's Analytical
Chemistry Services (TRB ACS)

MUSUNAGARWE C.C.; MUDYAWABIKWA B.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Harare, Zimbabwe

The role of analytical chemistry sa®s in agricultural production cannot be over
emphassed. Fundamental questions emanating from soil quality righttapagro
produce quality can never be fully addressed without an accurate and precise analytical
chemistry answer. It is, therefore, ciatthat the analytical chemistry services be of the
highest quality so that ensuing decisions are made from an informed position.
Agricultural laboratories shouldhus, implement a credible quality management system
robust enough to support the agricultal industry. The Tobacco Research Board (TRB)
laboratory offers a wide range of analytical servjgasmarily to the tobacco industry
which include soil analysis, pesticide residue analysis, water analysis, plant chemistry
analysis and agrohemical anbysis. Central to these services is the issue of competence
and credible results. This review highlights how the TRB laboratory has managed to
develop and implement a quality management systigyat has promoted confidence in

the operation of the labmatory and has also enabled the laboratory to demonstrate
operational competence. Key pillars to the establishment of the quality management
system will be highlighted as well as the current and potential benefits of implementing
such a system.
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AP 47

In field photonic sensing of tobacco leaves for the ndestructive assessment
of nitrogen content and quality prediction

TUCCIO L.(IBARGIACCH(®; MILLI G.(3); MIELE S.(2); AGATI G.(1)

(1) CNRIFAC,-65019 Sesto Fiorentino, Fl, Italy
(2) Consortium INSTMBD121 Firenze, Italy
(3) Fattoria Autonoma Tabacchi (FAT) & H0BQIL2 Citta di Castello, PG, Italy

Nitrogen (N) fertikation is one of the most important aspects of tobaaadtivation.
Right N rates increase leaf yield and qualéyd influence vegetative cycle, disease
resistance, leaf nicotine and sugeontent. Good N availability to the plants must be
guaranteed until plant topping, without makingtensive use ofdttiliser or inducing soll
depletion. This study was aimeat defininga new optical method for the proximal
detection of N status and pigments of tobacco leaves.

Four different N levels (0, 50, 100 and ¥sha') were applied to a total d264 Virginia
Bright tobacco plants cultivated #&attoria Autonoma TabacclfFAT- Citta di Castello
[PQ, Italy). The upper suaxposed side of a single leaf for each plant was measured in
the field by a portable fluorescence sensormiddle June, middikend July and early
August2018. The fluorescence sensor provided indices of leaf chlorophyll (@&Manols
(FLAV) and nitrogen (the Nitrogen Balance Index, NBI=CHL/RLbA&§found that the

NBI could discriminate thiour plots treated at thefour different N levels. The NBI was
significantly (R=0.69) linearly correlated to the leaf N demt, assessed by destructive
Kjeldahl method. A good (R2=0.85) linear correlation was found between the CHL index
and the actual leaf chlorophyll content. The NBI measured in the field at the stage of the
maximal plant N assimilation (midde&nd of July)was strongly (R=0.98) linearly
correlated with leaf nicotine conten®4) destructively measured at harvest (beginning of
September).

The results of this study indicatethe usefulness of the developed photonic sensing
method fordetermining the nitrogen status of plants and applying precision featibn.
It wasalso as an interesting tool for early prediction of final leaf nicotine content.
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AP 48

A comparison of methods for handling data that is Missing Completely at
Random(MCAR)n crop experiments at Kutsaga

MAWIRE B.; MAHERIS.TMUTAMBWA M.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Harare, Zimbabwe

Missing values repsent a potential source of bias in research trials and thus every effort
should be made to ensure that all the relevant data are collected and availed for analysis.
However, in reality, there are times when some data are missing and in agricultural
expetiments missing data occur for example when test tubes accidentally break, plants
die due to an extraneous factdnat is not the treatment under study and or part of the
crop is lost during handling or processing. This results in the loss of stdtdwer and
introduces bias which leads to misinterpretation of the actual treatment effect and
ultimately the wrong conclusions may be drawn. However, there are methods of handling
missing data to enable an analysis that yields a result as close tutheralue as is
possible. These include the Complete Case Analysis, the Mean Substitution, Regression
Imputation and Multiple Regression Imputation using the Fully Conditional Specification
(FCS) method. To establish the best method to use, a study wasimavhich a complete

data set of plant height measurement from a Kutsaga nematological trial was obtained
and analysed. Thereafter, some readings were randomly removed from the data set to
obtain subsets with data that was Missing Completely At Rando8AM®). Two such data
sets, one with 3% and another with 206 missingness were obtained. These two data
sets were subjected to the four different methods of handling missing data. Analysis Of
Variance (ANOVA) of the data obtained from each of the methods aeanputed for
comparison with that obtained from the complete data set. The results showed that
Multiple Regression Imputation using the Fully Conditional Specification (FCS) method
was the most ideal and had the least bias. In this paper, a detailed nkgnadion of the
application of the four different methods of handling missing data will be done.
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AP 49

Nicotine variability of low nicotine cultivars versus normal nicotine cultivars

LION KADAMS AMORRIS W.; BROWN E.; IRVING B.; LUSSO M.; XU D.

Altria Client Services LLC, Product Design & Maintenance, 601 East Jackson St., Richmond,
VA 23219, U.S.A.

Nicotine is the most abundant alkaloid in cultivated tobacdbcétiana tabacum
typically constuting more than 90%of total alkaloids. Recently, the U.S. Food and Drug
Administration (FDA) issued an Advance Notice of Proposed Rulemaking (ANPRM) to
obtain information for consideration in developing a tobacco product standard to set the
maximumni@ G Ay S t S@St Ay OAIINBIGSI RRXOENDSE2 &GS
Nicotine levels are highly variable across different years and locations as data collected
over decades in the Minimum Standards Programs show. Analysis &uthey check
varieties in the Minimum Standards Program showed relative standard deviations ranging
from 20%to 28% for individual varieties across locations from 2012 to 2018. Though
there are decades of nicotine analysis from the Minimum Standards Program, tinete is
much data collected and publicly availableroootinevariability in low nicotine cultivars.

The purpose of this study is to determine variability in nicotine content across multiple
years and locations from low nicotine cultivars and compare it dontal nicotine
cultivars. To initiate this long term study we analyzed low nicotine cultivars alongside
normal nicotine cultivars at the same locations from 2012 to 2018. Assuming the
variability in nicotine content for low alkaloid cultivars is similaotogreater than the
variability in normal nicotine cultivars, it will have major impacts on meeting any
regulatory standard. This could suggest that to meet a standard €9.6.8&1g/g nicotine
content the cultivars themselves may need to have much lowieptime levels to
consistently meet the proposed standard year after year. This will have major
implications on the technical achievability of such a standard.
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AP 50

Reducing nicotine ilBurley tobacco bycombining low alkaloid varieties and
agronomic practices

FISHER A.M.; FISHER C.R.; JI H.
University of Kentucky, 1401 University Drive, Lexington, KY-a31246J).S.A

The United States Food and Drug Administration (FDA) has requested comments on a
possible nicotine standard of B85 mg/g in tobacco filleThere are currently no publicly
available varieties that approach this levEhe objective of this study was to test whether
this level could be achieved if the currently available low alkalbA)) varieties were
grown using all agronomic practices that are known to lower nicotibee standard
variety, TN 90LC (check), and three LA varieties, LA TN 90, ITB 1501 and ITB 259, were
grown with standard recommended practices and also with practiessgned to lower
nicotine (no topping, close spacing, low nitrogen, early harvest, irrigatiduome of the
varieties grown with standard practices had nicotine levels below 0.5 mg/g, in any stalk
position. When grown with the nicotingeducing practicesall three LA varieties had
nicotine <0.5 mg/g in the primings (lowest stalk position) only. In the-stalk lugs and

leaf, and the overall weighted concentration, only ITB 1501 had nicotin®.6.4ng/qg,

and in the tips, all varieties were0*5 mg/g.The abnormally wet 2018 growing season
resulted in atypically low nicotine level§he check nicotine was only 36 mg/g:
historically, this is at the lower limit of the normal nicotine range.the standard
agronomic practices, the two ITB varieties hack thighest yield (2,35kg/ha and
2,287kg/ha) and LA TN 90 the lowest (1,8%8ha).In the nicotinereducing practices,

LA TN 90 again had the lowest yield (1,R§Ma) and the other three varieties had similar
yields (1,5531,568kg/ha).LA TN 90lao had the lowest grade index in both the standard
and nicotinereducing agronomic practices (36 and 29, respectivéhg.two ITB varieties

had much better quality, not very different from the chedM! LA lines were heavily
infested with aphids.
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AP 51

Genetic and biochemical analysis of very low nicotine tobacco leaf
KUDITHIPUDI C.(1); GOVINDARAJULU R.(2); BHUIYAN N.(2); SHEN Y.(1); XU D.(1)

(1) Altria Client Services LLC, 601 East JacksRicBinond, VA 23219, U.S.A.
(2) Eurofins Lancaster Laboratories, c/o Altria Client Services LLC, 601 East Jackson Street,
Richmond, VA 23219, U.S.A.

Recentlythe U.SFood and Drug Administratiossued an advance notice of proposed
rulemaking to ®tain information for consideration in developing a tobacco product
standard to set the maximum nicotine level in cigarette filler. Tobacco industry and public
institutions have been working on further understandingotine biosynthesis and on
developng tobacco varieties with reduced nicotine levels. Genetic alteration via
traditional breeding, mutation breeding, and genetic engineering has been effective to
reduce nicotine to various leveldowever, historically, low alkaloid traits are associated
with poor leaf quality with characteristics such as delayed maturation, thin body and rigid
cured leaf etc. To understand the effect of lowering nicotine on leaf quality, experiments
were conducted to obtaitranscriptomicsand metabolomics expression dataingseven
Burley andfour flue-cured lines at different plant growth stages. An integrative analysis
2F GKS a2YAOa¢ RIGF KFra LINPODARSR AYyaaakaTd
complex and tightly regulated tobacco leaf developmental and matmaprocess.
Computational analysis has led to the identification of more than 200 potential candidate
genes that include transcription factors, secondary metabolismyalland senescenee
related elements that could be associated with leaf qualitywe®é&four of these genes
were validated usingeakltime quantitative reverse transcription polymerase chain
reaction RFPCR Functional analysis of some of these genes is under way.
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AP 52

Changes in TSNgontents and sensory quality of ultridow nicotine tobacco
leaves produced by grafting with eggplant

REN Mengjuan(18HI Hongzfi); LI Hongliang(2); ZHOU Jun(3); TANG Chaoqi(3);
BAI Ruoshi(3); ZHANM&ENngyue(1)

(1) College of Tobacco Science of Henaitityiral University / Tobacco Cultivation Key
Laboratory of China Tobacco / Tobacco Harm Reduction Research Center of HAU,
Zhengzhou 450002,.RChina

(2) Xuchang Tobacco Company of HeRkaR,China

(3) Shanghai Tobacco (Group) Co., Shanghai 20BBEZhina

Ultra-low nicotine tobacco production has been given broad attention due to the possible

regulation of nicotine content in cigarette tobacco. Based on grafting with eggplant

(eggplant as rootstock, flueured variety Yunyan 87 as scion), the feeding select

behaviar of budworms Keliothis assultawas compared between ultrdow nicotine

tobacco and regular tobacco leaves, and the contehtTSNAs and neutral aroma

components, smoke parameters and sensory quality of cigarettes were also determined

and evaluated. Tobacco samples were from the followimge G NS G YSy Gay ai206tl
/G206 O02 ¢ ESIALE A lYAO26 A (i K2 dzii  /Bggpladntnitly earthidglLJe = & G 2 (
dzLJE @ ¢ KS NBadzZ 64 aK26SR (0KIdG Ay GKIBa- SyOf 2aS|
low nicotine tobacco leaves to regular tobacco leaves, and the budworms began to feed
on the regular tobaccteavesonly after the ultralow nicotine leaves had been eaten up.

The contents of NNN, NNK, NAT and total TSNAs inloltraicotine tobacce were
reduced dramatically, with NNN, NNK and TSNAs contents in upper leaves from tobacco
/ eggplant without earthing up being 829% 79.5%and 68.8%lower than that of regular
tobacco, respectively, and being 7947 79.8%and 68.6%lower for middle leaves. The
differences in contentof neutral aroma components were not significamicotine
content in mainstream cigarette smoke made from uHoaw nicotine tobaccowas
markedly lower than that in control cigarettes, while teevere no significant differences

in total particle matter, moisture, CO, tar level and puff number. There were no significant
differences in aroma quality, smoke density, irritation and combustibility, while the
aroma quantity, odar score and after tagt were decreased to some exter@ignificant
reductions were perceived for strength, consumer satisfaction and acceptance. The
results showed that the selective reduction of nicotine by grafting had different impacts
on leaf and smoke chemistry and sensparameters.
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SUSTAINABILITY FORUM

Topic #1¢ Tobacco Supply Chain

Multinational companies are expected to take their full responsibility of due diligence.
They are responsible of their products, and they are also responsible of their sourcing.

Luke Wilde, Chief Executivetatentyfifty, acompany specialised in the inghentation

of responsible business practicesyil make a general presentation on social
expectations, risk identification and managemaiong supply chains. Luke is widely
known for his grounéreaking work in integrating respect for human rights into
corporate practices, and he will share his expertise, his experiences and his views on the
tobacco supply chain.

The next tallwill be a presentatiorby Vuk Pribd, Sustainable Leaf Operations Director
for Japan Tobacco International, and currently chairnoérthe Sustainable Tobacco
Programme (STP) Steering Committee. Vukowtline the STR) @urrentactions andhe
anticipatedfuture initiatives.

A debate will be opened with the audience after these two introdugpresentations.

Topic #2¢ Water Scarity

Pollution, economic and population growtand climate changeare all impactng water
qualityand supplySeveal projects ardbeingimplementedto tackle the negative trends
observed ando improwve access to water. T discussion will look @he issue globally
and, more specificallythe consequencefor the tobacco sector.

Eduardo Royo, Manager Sustainable Agriculture at Philip Morris International (£iNI1)

charge ofall PMI Water Sanitation and Hygiene (WASH) initiatives in Africathveithim

G2 ISYSNIGS | LRaAaAGAGS AYLI OO Ay LIS2LX SQa f A
launchedand how thér impact is assessed and monitoreder time

A presentation by mother expert on thesubjectof climate change and future available

water is also expected before the debateened to the audience
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APPOST 01

The effect ofMycorrhizaenriched biofertiliser on tobacco growth and yield
CHIBJDU C.; MAVUKA R.

Tobacco Research Board, Kutsaga, P.O. Box 1909, Airport Ring Road, Harare, Zimbabwe

Due to the inherent poor fertility of soils on which tobacco is grown in Zimbabwe,
production relies on inorganic ferskrs to provide the cropwith macro and
micronutrients required for optimum plant growth and maintenance of soil fertility.
Globally, however, total reliance on the use of mineral fegrs has been shown to pose
environmental risks and increase tobacco production costs. Tihestrend towards
organic production practices in agriculture has increased in the recent past. Arbuscular
mycorrhizal fungi have been reported to improve the uptake of many nutrients including
phosphorus (P), nitrogen (N), copper (Cu) and zinc (Zn) ams tmprove nutrient
acquisition from fertiers. In addition, colosation of plant roots by the mycorrhizal
fungi enhances plant water relations and increases resistance to cultural and
environmental stresses, and consequently improves plant growttanl endeavour to
NERdzOS %A Yol 06SQa (206l 002 LINR RdzOserAtRay Sy @A NP
containsarbuscular mycorrhizal fungi was tested for its efficacy on tobacco growth and
yield. The trial was conducted at Kutsaga Rese&ation for two seasons from 20179.
Three rates 30, 48nd50kg/ha of the product were tested against the standard mineral
fertiliser treatment in a complete randorsed block design witffive replications. Results
showed that leaf geomean was significantlyh@gin standard fertiser treatment and

that this was not significantly different from that in plots treated wtkg/ha of the
biofertiliser. The mean tobacco yield in the standard mineral fegtilireatment was,
however,significantly higher at 288Kg/ha than in the biofertiier treated plots where
yields ranged from 1902162kg/ha. A cost benefit analysis of using either of these
nutrient sources will be discussed in this paper.
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