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IEVADS

Kartupelu (Solanum tuberosum) lakstu puve, kas inficé kartupelu lapas un
bumbulus, ir viena no nozimigakajam slimibam §im kultiiraugam. Pirmais gadijums par
1876). Ta pasa gada beigas lakstu puve jau izplatijusies pa visu kontinentu.

Misdienas lakstu puve ir izplatita visos kontinentos un nodara iev€rojamus
zaud&jumus gandriz katru gadu. Slimibu ierosina Phytophthora infestans Mont. de
Bary, kas ir viens no visvairak pétitajiem augu patogéniem (De Bary, 1876; Crosier,
1933; Fry and Mizubuti, 1998; Harrison, 1995; Gregory, 1983).

Kaut arT P. infestans ir patog€ns, kur$ ir pazistams jau gandriz 160 gadus,
interese par to nemazinas. To var izskaidrot ar patogéna mainibu, kuru veicina
dzimumvairo$anas process un oosporu veidoSanas, patog€na migraciju un
ekonomiskajiem zaud&jumiem, ko nodara lakstu puve.

P. infestans populacijas izmainas katra valsti notiek nedaudz atskirigi, jo ir
dazadi meteorologiskie apstakli un nav vienads audz&to kartupelu Skirpu sortiments.
Tomér ir kluvis skaidrs, ka patogéns kluist agresivaks, Iidz ar to griitak ierobezojams.

Latvija pétijumi saistiba ar lakstu puvi uzsakti 1924. gada, kad Augu
aizsardzibas institita Priekulu nodala tika iekartoti izmé&ginajumi ar mérki noteikt
efektivako kimisko augu aizsardzibas lidzekli lakstu puves ierobeZoSanai (Eglitis,
1938).

Ar1 1980 — gados un Iidz 1993. gadam Latvija Vissavienibas augu aizsardzibas
zinatniski pétnieciska institiita Baltijas filiale p&tijumi turpinajas. Sajos pétijumos bez
dazadu kimisko augu aizsardzibas lidzeklu izm&ginajumiem uzmaniba tika pieversta ari
Latvija eso$as P. infestans populacijas izpétei.

Visa pasaulé liela uzmaniba tiek veltita kartupelu lakstu puves ierobezoSanai.
Ierobezosanu veic gan izvéloties veselu stadamo materialu, gan lietojot iev@rojamu
daudzumu dazadu fungicidu. Pagaidam fungicidu lietosana ir efektivakais veids ka
ierobezot §1s slimibas attisttbu un pasargat kartupelu lakstus un bumbulus no
infic€Sanas.

Latvija lidz Sim kartupelu lakstu puve galvenokart tika ierobezota —
smidzinajumus veicot tikai ar pieskares iedarbibas preparatu, ik péc 7 — 10 dienam, vai
ar pirmos divus smidzinajumus veicot ar pieskares - sisteémas iedarbibas un nakosos
smidzinajumus ar pieskares iedarbibas preparatiem. Abos gadijumos pirmais
smidzinajums veikts laika, kad kartupelu laksti vagas sak saklauties.

Fungicidu smidzinajumu skaits visas vegetacijas sezonas nav vienads. Tas
mainas atkariba no meteorologiskajiem apstakliem un kartupelu audzéSanas
tehnologijas konkrétaja valsti. Vid€jais smidzinajumu skaits Eiropa vari€ no 8 lidz 16
smidzinajumiem, atkariba no vegetacijas sezonas.

Pieaugot pieprasijumam p&c kvalitativakas un ekologiski tiras produkcijas, ka
arT attistoties informacijas tehnologijam, picauga interese par datormodelu izmantoSanas
iesp&jam slimibas attistibas prognozeSanai.

Pedgjos 60 gados pasaule plasi tiek stradats pie datormodelu izmantoSanas
lakstu puves attistibas prognozéSanai. Prognozésana balstita uz patogéna sekundaras
infekcijas izplatiSanas atkaribu no meteorologiskajiem apstakliem. Datormodelu
lietoSana lauj samazinat fungicidu smidzinajumu skaitu, izmantojot informaciju par
konkrétas geografiskas vietas meteorologiskajiem apstakliem, audz&to kartupelu Skirni
un tas rezistenci pret lakstu puvi un lietoto fungicidu iedarbibas veidu.



Latvija pétijumi saistiba ar lakstu puvi tiek turpinati ar meérki samazinat
fungicidu smidzinajumu skaitu, pamatojoties uz datoriz€tam l€mumu pienemsanas
sisttmam. Viens no sist€émas elementiem ir arT datormodelis NegFry.

Darbs izstradats Latvijas Lauksaimniecibas universitates Lauksaimniecibas
fakultates Augu biologijas un aizsardzibas katedra un Macibu un P&tijumu saimnieciba
‘Vecauce’ no 2000. lidz 2003. gadam.

Petijuma meérkis: Samazinat fungicidu smidzinajumu reizu skaitu lakstu puves
ierobezoSanai, pamatojoties uz datoriz€tdm lémumu pienemSanas sisttmam, kuras
galvenie parametri ir patogéna biologijas Tpatnibas Latvijas klimatiskajos apstaklos.

Merka sasniegSanai izvirziti $adi uzdevumi:

e Analizet un izvertét kartupelu lakstu puves prognozeésanas datormodela NegFry
adaptacijas izm&ginajuma datus.

e Precizet kartupelu skirnu jutibas pret lakstu puvi lauka apstaklos raksturojosos
parametrus, lietoSanai datormodelr.

e Veikt kartupelu lakstu puves ierosinataja P. infestans populacijas inventarizaciju
Latvija nosakot iesp&jamas biologijas izmainas un, tai skaitad, oosporu
veidoSanos.

Pétijjuma novitate:

Pétita lakstu puves epidemiologija un Phytophthora infestans populacijas
izmainas Latvijas klimatiskajos un agrotehniskajos apstak]os.

Slimibas attistibas dinamikas raksturo$anai izmantoti parametri — AUDPC un
saskatamas infekcijas izplatiSanas atrums.

Pirmoreiz laboratorijas izméginajumos pieradita oosporu veidoSanas Latvija
esoSaja Phytophthora infestans populacija.

Pirmo reizi Latvija lakstu puves ierobezoSanai lietots prognozeSanas
datormodelis.

Petijuma rezultati atspoguloti 10 zinatniskajas publikacijas un par tiem zigots 9
konferences.



IZMEGINAJUMU MATERIALI UN METODIKA

Lauka izméginajumi tika veikti divas sadalas — prognozéSanas datormodela
NegFry adaptacija Latvijas apstaklos un kartupelu Skirgu jutibas pret lakstu puvi lauka
apstak]os noveértésana.

[zméginajumi saistiba ar datormodela NegFry adaptaciju iekartoti Danijas —
Baltijas valstu un Polijas kopprojekta ietvaros ,,Development and Implementation of an
Internet based Decision Support Systems for Integrated Pest Management in Latvia
2000 — 2002”. Projekts tapis pateicoties Danijas valsts atbalstam, jo prognozeSanas
datormodela ievieSanas un ekspluatacijas izdevumi ir pietickami augsti. Lielakas
izmaksas saistitas ar kvalitativu meteorologisko datu nodro$inajumu.

Latvija prognozéSanas datormodela NegFry adaptéSana iesaistitas vairakas
institcijas — Latvijas Lauksaimniecibas Universitates Augu biologijas un aizsardzibas
katedra, LLU Macibu un P&tjjumu saimnieciba ,,Vecauce”, Valsts Augu Aizsardzibas
cents (tagad Latvijas Augu Aizsardzibas pétniecibas centrs), Stendes Selekcijas stacija,
Valsts Augu Aizsardzibas dienesta prognozésanas un diagnostikas regionalajas nodalas
Priekulos, Bauska, Aizkrauklé un Saldd. Dati no visam izm&ginajumu vietam katru
gadu tika apkopoti vienota atskaité. legiitie rezultati promocijas darba ir analizeti
plasak.

Datormodela NegFry adaptéSanas izm&ginajumi veikti péc vienotas shémas —
izmantojot sertificétu s€klas materialu, ievérojot augu mainu, izmantojot vienadas
kimiskas grupas fungicidus un to devas, izmantojot vienadas kartupelu Skirnes, veicot
patogena attistibas uzskaites péc vienota protokola (Hansen, 1998, 1999; Hansen and
Lassen, 2000).

PrognozeSanas datormodela NegFry adaptesanas

_____

Prognozésanas datormodela  NegFry adaptéSanas un salidzinaSanas
izméginajumi MPS ”Vecauce” veikti no 2000. lidz 2002. gadam. Saja izméginajuma
ieklautas divas kartupelu 3kirnes ‘Mutagenagrie’ un ‘Sante’. Skirne ‘Mutagenagrie’
izméginajuma tika ieklauta tikai ka modela variants un ari lai veiktu nepiecieSamo
prognozi par lakstu puves attistibu Skirnei ‘Sante’. Izm&ginajums iekartots Cetros
atkartojumos ar dazadu variantu skaitu (1. tabula). Laucina kop&ja platiba 33.6 m’.
Uzskaites laucina lielums 14 m?, jo lakstu puves attistibas un raZas uzskaite veikta divas
vid€jas vagas.

1. tabula
Salidzinato variantu shéma, Skirnei ‘Sante’, LLU MPS ,,Vecauce”
N.p.k. 2000 2001 2002
1. Kontrole Kontrole Kontrole
2 Standartizetais Standartizetais Standartizetais
variants variants variants
3. Eksperta slédziens Eksperta slédziens Eksperta slédziens
4. NegFry datormodelis | NegFry datormodelis | NegFry datormodelis
5. Modificétais NegFry | Modificétais NegFry Modificétais NegFry
datormodelis datormodelis datormodelis
6. NegFry datormodelis | NegFry datormodelis
+ 7 DRV + HMS




e Kontrole — bez fungicidu lietoSanas;

e Standartiz€tais variants - smidzinajumi veikti ar aizsargdjoSu pieskares
iedarbibas fungicidu. Pirmais smidzinajums veikts kad kartupelu laksti sak
saklauties vagas. NakoSie smidzinajumi veikti ik péc 7 — 10 dienam;

e NegFry datormodelis — smidzinajumi veikti ar aizsargajoSu pieskares iedarbibas
fungicidu. Smidzinajumi veikti saskana ar datormodela rekomendacijam,
izmantojot Metpoles datus;

e Eksperta slédziens — pirmie divi smidzindjumi veikti ar pieskares un sist€mas
iedarbibas fungicidu. Nakosie smidzinajumi ar aizsargajosu pieskares iedarbibas
fungicidu. Pirmo smidzinajumu veic, kad kartupelu laksti sak saklauties vagas;

e Modificetais NegFry datormodelis — smidzinajumi tiek veikti ar aizsargajosu
pieskares iedarbibas fungicidu. Pirmo smidzinajumu ar 1/2 devu veic, kad lakstu
puves pirmie simptomi atrasti Skirnei ‘Mutagénagrie’. NakoSos smidzinajumus
veic saskana ar datormodela rekomendacijam, izmantojot Metpoles datus;

e NegFry datormodelis + 7 DRV — smidzinajumi tiek veikti ar pieskares
iedarbibas  fungicidu. Smidzinajumus veic saskapna ar datormodela
rekomendacijam, bet pemot véra modela prognozetas dienas riska vertibas
(DRYV), kuras piedava modelis, izmantojot Metpoles datus;

e NegFry datormodelis + HMS— smidzinajumi tiek veikti ar pieskares iedarbibas
fungicidu saskapa ar datormodela rekomendacijam, izmantojot stacionaras
hidrometeorologiskas stacijas (HMS) datus.

Pargjas minétajas izmeginajumu vietas izmantota viena kartupelu skirne ‘Sante’
un salidzinato variantu skaits bija mazaks neka Vecauces izmé&ginajuma. Visas
izméginajuma vietas visus izm&ginajuma gadus bija 3 varianti - kontroles variants un
varianti, kuros smidzinajumi veikti péc eksperta slédziena un péc NegFry datormodela
rekomendacijam.

Kartupelu lakstu puves ierobezoSanai lietoti gan aizsargajoSi pieskares
iedarbibas, gan sistémas un pieskares jeb kombinétie fungicidi, kas registréti Latvijas
Republika registréto augu aizsardzibas Iidzek]u saraksta 1995. — 2005. gadam.

Slimibas uzskaite veikta divas reizes ned€la péc vienotas shémas. Vegetacijas
sezonas laika veikta uzskaite par lakstu puves pirmo simptomu paradiSanos, slimibas
attistibas dinamiku, slimibas attistibas intensitati sezonas beigas un raZzas izmainam.
Razas uzskaite (t ha™) veikta atseviski péc bumbulu licluma un aprékinot ar inficéto
bumbulu procentualo daudzumu.

Analiz€jot un salidzinot slimibas attistibas dinamiku, pielietojot dazadas
kartupelu lakstu puvi ierobezoSanas metodes, aprékinats saskatamas infekcijas
izplatiSanas atrums (slimibas attistibas atrums) un ta izmainas pirms un péc fungicidu
lietoSanas. Ka arT salidzinats laukums zem slimibas attistibas liknes (AUDPC).

Izméginajuma ieklauto lakstu puves ierobezoSanas metozu ekonomiskajai
izverteéSanai tika salidzinats precu produkcijas iznakums, bumbulu infekcijas raditie
zaud€jumi, ka ar1 razas piecaugums no kartupelu lakstu puves ierobezoSana katra
ieguldita lata. Vert€jumam izmantotas katra gada tirgus cenas (Bruto seguma aprékins
zemnieku saimniecibai 2000; 2001; 2002).



_____

Kartupelu lakstu puves uzskaite dazadu lakstu puvi ierobeZoSanas metozu
salidzinasanai veikta péc vienotas shémas (Turka, Bankina, 1999; Fry, 1978; Dowley
et.al.,, 1999), divas reizes nedéla un pirms fungicidu lietoSanas. P&dgjais slimibas
novert§jums veikts pirms razas novaksanas vai lakstu noplauSanas.

Katra uzskaites reizé registréta kartupelu attistibas faze. Uzskaites laucinos
noverteta slimibas attistiba uz kartupelu lapam katram augam atseviski. Slimibas
attistibu uz auga izsaka % (Cox and Large, 1960):

o (0 —vesels;
0,1 — tikai dazi plankumi uz auga;
1 —ap 10 plankumu uz viena auga;
5 —ap 50 plankumiem uz viena auga vai infic€ta viena pielape no katram desmit;
10 — inficétas 4 pielapes no katram 10, augam vél saglabajusies normala forma;
25 — gandriz katra pielape inficeta, bet augam vél saglabajas normala forma. Pa
gabalu laucins$ var izskatities zals;
e 50 — gandriz 2 lapu ir lakstu puves bojatas. Lauks pa gabalu izskatas zal§ ar
briiniem plankumiem;
e 75 — gandriz % lapu ir lakstu puves bojatas. Lauks izskatas vairak briins neka
zals;
e 95 —tikai dazas lapinas zalas, bet stublaji vel zali;
e 100 — visas lapas un stublaji inficéti, briini gandriz atmirusi.

P&c laucinu apskates un slimo augu uzskaites aprékina slimibas intensitati péc

sadas formulas (Turka, Bankina, 1999):

z a*b

R==— 1
N (D
R—- infekcijas intensitate
a *b—  inficeto augu reizinajums ar atbilstoSo infekcijas pakapi
N-— kopégjais parbaudito augu skaits.

Kartupelu Skirnu jutibas pret lakstu puvi lauka apstaklos

_____

Izméginajums iekartots ar mérki precizét kartupelu Skirpu jutibas pret lakstu
puvi lauka apstaklos raksturojosos parametrus un p&c Siem parametriem iedalit Skirnes 9
ballu skala. Skirpu iedalfjumam tiek lietoti tikai lauka izm&ginajumos iegitie dati. Jauna
skala raksturo kartupelu Skirnes jutibu pret lakstu puvi lauka apstaklos konkréta valsti,
neatkarigi no selekcijas procesa apstiprinatas rezistences.

2001. gada izmEginajuma tika ieklautas desmit Kkartupelu Skirnes —
Mutagénagrie, Vineta, Sante, Folva, Sava, Red Star, Oleva, Danva, Asterix, Kuras.
2002. un 2003. gada izméginajums tika paplaSinats un taja ieklautas vél seSpadsmit
kartupelu Skirnes — Impala, Rosara, Fresko, Columbo, Planta, Borodjanskij Rozovij,
Latona, Zile, Lasunok, Brasla, Bete, Vebeka, Raja, Magda, Unda, Saturna.

Izméginajums iekartots trs atkartojumos. Katra atkartojuma cetras 6.0 m garas
vagas. Attalums starp vagam 0.7 m, attalums starp bumbuliem vagas 0.24 m.



Vegetacijas sezonas laika veikta uzskaite par lakstu puves pirmo simptomu
paradiSanos, slimibas attistibas dinamiku un slimibas attistibas intensitati sezonas
beigas. Analiz€jot un salidzinot slimibas attistibas dinamiku dazadam kartupelu Skirném
tika aprékinats saskatamas infekcijas izplatiSanas atrums un laukums zem slimibas
attistibas liknes (AUDPC) (2. tabula).

2. tabula
Jutibas pret lakstu puvi lauka apstaklos iedalijuma kriteriji
pec 9 ballu skalas (Hansen, 2001)

Skala | Skirnes AUDPC attieciba pret | Saskatamas infekcijas attistibas atrums

1-9 standarta Skirnes AUDPC
1 > 135 > 0.4 augsts
2 120 — 135 0.2-0.4 vidgjs
3 105 -120 <0.2 zems
4 90— 105 > 0.4 augsts
5 75-90 0.2-0.4 vidgjs
6 60 —75 <0.2 zems
7 45 - 60 > 0.4 augsts
8 30-—45 0.2-04 vidgjs
9 <30 <0.2 zems

Konkrétas skirnes AUDPC attieciba pret standarta skirni tiek aprékinata péc
formulas(Hansen, 2001):

(konkretas skirnes AUDPC / standarta skirnes AUDPC) * 100 (2)

Papildus tiek analizéts ar1 lakstu puves pirmo simptomu paradiSanas laiks un
slimibas infekcijas intensitate, kad standarta skirnei (Sante) lakstu puves intensitate
parsniedz 90 %.

Laukuma zem slimibas attistibas liknes (AUDPC) aprékinasana

Dazadu lakstu puves ierobezoSanas metozu salidzinasanai tiek lietots laukums
zem slimibas attistibas Itknes (AUDPC).

Aprékinos izmantota formula (Shaner and Finney, 1977; Fry, 1978; Flore-
Gutierrez and Cadena-Hinijosa, 1996):

(X X
AUDPC = Z[%} *[t. -1,] 3)
i=1
Xi— lakstu puves infekcijas intensitate konkréta i-taja uzskaites reizeé
t— laiks dienas no sadigSanas konkréta i-taja uzskaites reizé
n— kopégjais uzskaites reizu skaits



Slimibas saskatamas infekcijas izplatiSanas atruma aprekinasana

Lai salidzinatu dazadu lakstu puves ierobezoSanas metozu efektivitati, tika
aprékinatas slimibas saskatamas infekcijas izplatiSanas atruma (r) izmainas. Aprékinos
tika pielietoti ieprieks lauka apskates iegiti dati par lakstu puves infekcijas intensitati
(Hughes, 2003):

_ N X2 X1
! 12—-11 (bgl—XZ 10gl—le @)
r— saskatamas infekcijas izplatiSanas atrums
t1 — laiks dienas no sadigSanas, pirms fungicidu lietoSanas vai kad paradas pirmie
lakstu puves simptomi
12— laiks dienas no sadigSanas, péc fungicida garantétas lakstu aizsardzibas vai
kad veikts pedgjais slimibas novérojums
X1 — lakstu puves infekcijas intensitate pirms fungicidu lietoSanas vai kad paradas

pirmie lakstu puves simptomi
X2 — lakstu puves infekcijas intensitate pec fungicida garantétas lakstu
aizsardzibas vai kad veikts pedgjais slimibas novérojums

Oosporu sastopamibas petijumi

Laboratorijas izmé&ginajumi veikti LLU Augu biologijas un aizsardzibas
katedras laboratorija. Ar lakstu puvi infic€to lapu paraugi ievakti 2002. un 2004. gados
vairakas Latvijas vietas. 2002. gada paraugi ievakti gan no prognoz&Sanas datormodela
NegFry novértésanas izméginajumiem Vecauc€ un Priekulos, gan kartupelu Skirpu
jutibas pret lakstu puvi lauka apstak]os novértéSanas izméginajuma Vecauce. 2003. gada
paraugi ievakti no kartupelu Skirnu salidzinasanas izméginajumiem Priekulos, razoSanas
laukiem Liepajas, Kuldigas un Dobeles rajonos, bet 2004. gada no izméginajumiem
sertificéta biologiska lauka — Vecaucg, razoSanas lauka Saldii un no mazdarziniem
Jelgavas rajona.

Paraugiem tiek ievaktas inficétas kartupelu lapas, uz kuram skaidri saskatamas
savstarp€ji norobezotas divas vai vairakas 1€zijas. levaktie lapu paraugi tiek ievietoti
petr1 platés (ar @ 10 cm), kuras ielieti 20 ml destiléta tidens. Petri plates tiek novietotas
istabas temperatura. Péc 2 — 4 ned€lam (atkariba no parauga lieluma) mikroskopé ar
palielinajumu 100 reizes.
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IZMEGINAJUMU REZULTATI UN TO ANALIZE

_____

Kartupelu lakstu puves pirmo simptomu paradiSanas pétijumu gados. Kartupelu
lakstu puves pirmie simptomi katru gadu novéroti dazados laikos. Slimibas simptomu
paradiSanas ir atkariga gan no meteorologisko apstaklu ietekmes, gan no slimibas
ierobezosanas pasakumu efektivitates.

Visagrak MPS ,,Vecauce” lakstu puves pirmie slimibas simptomi novéroti 2001.
gada (3. tabula).

Salidzinot datormodela NegFry prognozes par iesp&jamo slimibas pirmo
simptomu paradiSanas laiku ar realo slimibas simptomu novéroSanu, paradas tendence,
ka datormodela prognozes ir paragras. Ta ka fungicidu smidzinajumi tika veikti saskana
ar modela prognozém, tad Iidz realam kartupelu lakstu puves paradiSanas laikam,
kartupelu stadijumos jau tika veikti vairaki smidzinajumi.

3. tabula / Table 3
Kartupelu lakstu puves pirmo slimibas simptomu paradiSanas,
LLU MPS ,,Vecauce”

First symptoms of potato late blight, LLU Research and Study farm ,, Vecauce”

Skirne / [zm&ginajuma / Datormodela NegFry | +/-, dienas/
Variety On trial prognoze / Model + /- days
recommendations
2000
‘Mutag@nagrie’ 24.07. 30.06. 24
‘Sante’ 31.07. 02.07. 29
2001
‘Mutagénagrie’ 06.07. 26.06. 10
‘Sante’ 10.07. 02.07. 8
2002
‘Mutagénagrie’ 12.07. 27.06. 15
‘Sante’ 12.07. 27.06. 15

Analizgjot un salidzinot, kad paradas lakstu puve dazados izm&ginajuma gados,
jasecina, ka datormodelis lakstu puves attistibai labvéligaka gada dod precizakas
prognozes. Tacu lakstu puves attistibai nelabvéliga gada, prognoze ir paragra, kas nebiit
nesamazina kopgjo fungicidu smidzinajumu skaitu vegetacijas sezona.

Kartupelu lakstu puves attistibas tendences. Kartupelu lakstu puves attistibas
tendence liela méra ir atkariga no meteorologiskajiem apstakliem kartupelu aktivas
augSanas laika. Izméginajuma gadi $aja zina bija loti atSkirigi. Lai salidzinatu lakstu
puves attistibas dinamiku pa izméginajuma gadiem un smidzinajuma variantiem,
analizéta lakstu puves intensitate vegetacijas sezonas beigas un aprekinats AUDPC
(4. un 5. tabula).

Analizetie dati parada, ka lakstu puves attistibai labvéligaks bijis 2001. gads.
Lakstu puves intensitate kontroles varianta abam izm&ginajuma ieklautajam skirném
sasniedza 100 %. Smidzinatajos variantos ta ar1 bija salidzinoSi augsta. 2001. gada
laukums zem slimibas attistibas liknes bija vislielakais salidzinot ar par€jiem
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izméginajuma gadiem. Savstarpgji salidzinot variantus, pie varbiitibas 95 %, butiskas
atSkiribas ir starp visiem variantiem.

4. tabula / Table 4

Lakstu puves intensitate vegetacijas sezonas beigas un AUDPC izmainas, pielietojot
dazadas ierobezoSanas metodes, Skirnei ‘Mutagénagrie’

Effect of different late blight control models on disease severity at the end of season and
AUDPC, variety ‘Mutagenagrie’

Varianti / 2001. 2002.
Treatments Intensitate / AUDPC Intensitate / AUDPC
Severity, % Severity, %
Kontrole/Untreated 100 1267.4 9 19.9
Standartiz€tais 84 434.8 0.1 0.2
variants/ Standard
NegFry 90 882.8 0.1 0.2
datormodeli/
NegFry
RS .05 7.76 34.06 1.24 4.85

5. tabula / Table 5
Lakstu puves intensitate vegetacijas sezonas beigas un AUDPC izmainas, pielietojot
dazadas ierobezoSanas metodes, Skirnei ‘Sante’

Effect of different late blight control models on disease severity at the end of season and
AUDPC, variety ‘Sante’

Varianti / 2000. 2001. 2002.
Treatments % = O .‘% = 0 % = O

ZS8s |8 ZS8s¢ |8 Z38s |8
S8° |2 587 |2 S8° |2
EQ | < EZ2 | < E2 | <

Kontrole / Untreated 50 610.4 100 1966.5 71 660.7

Standartizétais variants / 25 138.7 70 749.6 2 16.7

Standard

Eksperta slédziens / 25 138.7 76 874.2 2 15.8

Expert decision

NegFry datormodelis / 30 212.9 70 759.7 2 13.5

NegFry

Modificé&tai NegFry 50 277.6 84 1099.0 4 37.5

datormodelis /

Modified NegFry

NegFry datormodelis + 7 27 155.2 - - - -

DRV / NegFry 7 DRV

NegFry datormodelis + - - 73 730.9 - -

HMS / NegFry HMS

RSy 05 14.11 77.61 1499 |280.47 | 16.74 | 17291

2002. gads, salidzinot ar par€jiem izméginajuma gadiem, bija visnelabvéligakais
lakstu puves attistibai. Smidzinatajos variantos ne tikai slimibas intensitate vegetacijas
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sezonas beigas, bet ar1 aprékinatais AUDPC bija zems Veicot datu matematisko analizi,
pie varbiitibas 95 %, bitiskas atSkiribas ir starp kontroli un smidzinatajiem variantiem,
bet starp dazadiem smidzinajuma variantiem nav biitisku atskiribu.

Salidzinot Vecauces izméginajuma iegiitos AUDPC vidgjos raditajus ar pargjam
izméginajuma vietam, starp raditajiem ir batiskas atSkiribas ne tikai starp dazadiem
variantiem, bet arT izmé&ginajuma vietam. Visizteiktakas atskiribas starp AUDPC
raditaju verojamas, salidzinot kontroles variantus.

Fungicidu smidzinajumu ietekme uz saskatamas infekcijas izplatiSanas atrumu.
Slimibas saskatamas infekcijas izplatiSanas atrums (r) atkariba no fungicidu
smidzinajuma veikSanas laika tiek aprékinatas pa periodiem, no vienas smidzinaSanas
reizes 11dz otrai un ari perioda no péd€jas smidzinaSanas lidz garant€tajam fungicidu
aizsardzibas perioda beigam.

Skirnei ‘Mutagénagrie’ fungicidu ietekme uz lakstu puves izplatiSanas atrumu
vérojama tikai 2001. gada (1.att.). Pargjos izméginajuma gados, kaut ari fungicidi tika
lietoti, to ietekme nav vérojama. Lakstu puves pirmie slimibas simptomi novéroti laika,
kad fungicidu lietosana jau bija partraukta.

infection rate
N
2 o
1

Saskatamas infekcijas
izplatiSanas atrums Apparent

0,2 / o
0

1 2 3 4

Pariodi starp smidzinajumiem / Periods between fungicide application

—e— Kontrole / Untreated
—s— Standartizetais variants / Standard
—— NegFry datormodelis / NegFry

1.att. Saskatamas infekcijas izplatiSanas atruma izmainas, 2001. gada,
Skirnei ‘Mutagénagrie’

Fig. 1. Changes of apparent infection rate during growing season 2001,
variety ‘Mutagenagrie’

Lakstu puves saskatamas infekcijas izplatiSanas atruma izmainas visos variantos
saglaba vienadas tendences. Sezonas sakuma, paradoties pirmajiem slimibas
simptomiem, izplatiSanas atrums ir augsts, jo 1sa laika perioda strauji palielinas slimibas
intensitate. Toties sezonas beigas, kad ir samazingjies relativi veselo lapu skaits,
slimibas izplatiSanas atrumam ir tendence strauji samazinaties.

Skirnei ‘Sante’ fungicidu ietekme uz r novérota visus izméginajuma gadus, tiesa
ne visos variantos. Visizteiktaka ietekme veérojama 2001. gada, kad visos smidzinatajos
variantos bija vienads smidzinagjumu skaits (4 reizes). Par€jos izmé&ginajuma gados

13



fungicidu ietekmei uz lakstu puves izplatiSanas atrumu ir lidziga ka Skirnei
‘Mutageénagrie’ (1. att.).

Ka redzams 2. att€la gan kontroles varianta, gan smidzinatajos variantos
saglabajas vienadas lakstu puves izplatiSanas atruma izmainas visas sezonas garuma.
Novérotas tendences par izplatiSanas atruma izmainam liecina par to, ka fungicidu
lietoSanas ietekme konkrétaja gada ir minimalas.

2001. gads pierada, ka kartupelu lakstu puves attistibai labvéliga gada, jebkura
fungicidu lietosanas metode tikai dalgji ietekmé slimibas izplatiSanas atrumu. Tadg] loti
svarigi ir nenokaveét pirmo smidzinajumu, lai savlaicigi pasargatu kartupelu lakstus no
iesp&jamas infice€Sanas. Tomér, ja infic€Sanas jau ir notikusi, izv€l€tajai ierobezoSanas
metodei nav nozimes.

% - N 0,7 7

T —

g s 2 03

£g 302

- =5 =

S = 3 0,1+

B I

i

< 1 2 3 4

Periodi starp smidzinajumiem / Periods between fungicide application
—e— Kontrole / Untreated

—a— Standartizetais variants / Standard

—— Eksperta slédziens / Expert decision

—a— NegFry datormodelis / NegFry

—x— NegFry datormodelis + HMS / NegFry HMS

—e— Modificétais NegFry datormodelis / Modified Negkry

2.att. Saskatamas infekcijas izplatiSanas atruma izmainas, 2001. gada, skirnei ‘Sante’

Fig. 2. Changes of apparent infection rate during growing season 2001, variety ‘Sante’

Vecauces izméginajuma iegltie dati, par lakstu puves saskatamas infekcijas
izplatiSanas atruma izmainam atkariba no ierobezoSanas metodes, tika salidzinati ar1 ar
datiem, kas iegliti no citam izm&ginajumu vietam. Atskiriba no Vecauces datiem, kas
analizeti sikak, salidzinadjumam tika aprékinats lakstu puves izplatiSanas atrums vidgji
sezona, dazadas izm€ginajumu vietas, lietojot dazadas ierobezosanas metodes.

Matematiski pieradas, ka lakstu puves attistibai nelabvéliga gada, lielakas
saskatamas infekcijas izplatiSanas atruma atskiribas ir starp smidzinajumu variantiem
nevis starp dazadam izméginajumu vietam. Savukart lakstu puves attistibai labvéligos
apstaklos svarigi ir vispar ierobezot lakstu puvi, neatkarigi no izvéletas ierobezoSanas
metodes.

Lakstu puves ierobeZo$Sanas metodes izveles ietekme uz kartupelu raZu un
bumbulu infekcijas pakapi. Visus izméginajuma gadus, razas vaksanas laika tika
uzskaitita kartupelu raza (t ha™). Salidzinot izméginajuma gadus kopuma, visaugstakas
kartupelu razas iegtitas 2000. gada, bet viszemakas 2001. gada. Smidzinatajos variantos
razas samazinajums ir 44 — 49 %, bet kontroles varianta pat par 55 %. Savukart 2002.
gada iegiitas razas ir augstakas par 2001. gada iegiitajam (25 — 45 %), bet zemakas ka
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2000. gada (19 — 24 %). Analiz§jot katru gadu atseviski abam izmé&ginajuma
ieklautajam skirn€m tomér visus izméginajuma gadus saglabajas vienadas tendences,
lietojot fungicidus raza pieaug (6. tabula).

Salidzinot izm&ginajuma gadus, kas bija atskirigi péc ietekmes uz lakstu puves
attistibu, jasecina, ka vislielakais inficéto bumbulu daudzums (%, no iegiitas razas), bija
2000. gada un 2001. gada (6. tabula). Infic€to bumbulu daudzums ir lielaks tiesi
smidzinatajos variantos, nevis kontroles varianta, kur lakstu puves attistiba notika
straujak un arT slimibas intensitate vegetacijas sezonas beigas bija lielaka. Salidzinot
bumbulu infekcijas pakapi pa izméginajuma gadiem kopuma, pie varbiitibas 95 %, ne
starp dazadajiem variantiem, ne izméginajuma gadiem nav v&rojamas bitiskas
atskiribas.

6. tabula / Table 6
Iegtita kartupelu raZza un bumbulu infekcijas pakape, Skirnei ‘Sante’,
LLU MPS ,,Vecauce”

Effect of different late blight control models on tuber yield and tuber infection, variety
‘Sante’, LLU Research and Study farm ,, Vecauce”

Varianti / 2000 2001 2002
Treatments Raza / Bumbulu | Raza/ | Bumbulu | Raza/ | Bumbulu
Yield, infekcija | Yield, | infekcija | Yield, | infekcija
t ha / Tuber tha / Tuber tha / Tuber
infection, infection, infection,
% % %
Kontrole / 54.50 0 24.60 0 44.41 0.2
Untreated
Standartizétais 62.71 0.8 35.57 1.0 47.49 0.2
variants / Standard
Eksperta slédziens / 62.96 0.8 32.35 0 49.90 0.1
Ekspert decision
NegFry 62.90 1.5 34.79 0.3 48.05 0
datormodelis /
NegFry
Modificetais 61.70 0 31.93 1.5 48.42 0
NegFry
datormodelis /
Modified NegFry
NegFry 64.93 0.8 - - -
datormodelis + 7
DRV / NegFry
7DRV
NegFry - - 38.66 0 -
datormodelis +
HMS / NegFry
HMS
RSy 05 4.585 - 4.328 - 3.228 -

Salidzinot kartupelu razas, kas ieglitas divos izm&ginajuma gados, dazadas
izméginajuma vietas gan starp izméginajumu vietam (faktors A), gan smidzinajumu
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variantiem (faktors B), vérojamas bitiskas atSkiribas. Ne tikai Vecauces izméginajuma,
bet arT pargjas izmeginajumu vietas 2000. gada iegiitas kartupelu razas ir augstakas ka
2001. gada.

2000. gada viszemakas razas ieglitas Bauskas un Saldus izm&ginajumu laukos.
Tomer, jasecina, ka tas ir tuvak realajam, Latvija vid€ji iegutajam. Salidzinot kontroli ar
standartiz€to variantu razas pieaugums ir par 5 — 25 %, savukart varianta, kur
smidzinajumi veikti saskana ar NegFry datormodela rekomendacijam, razas picaugums
ir 10 — 30 %. Pie varbitibas 95 %, izm&ginajumu vietai un izv€l&tajai lakstu puves
ierobezosanas metodei ir biitiska ietekme gan uz kartupelu razu, gan bumbulu infekcijas
pakapi. Jasecina, ka konkrétajai izméginajumu vietai ietekme uz razu bls verojama
vienmer, jo ne visur augsnes sastavs ir vienads.

Salidzinot Sos divus raditajus var€tu secinat, ka vislielaka bumbulu infekcijas
pakape ir gadijumos, kad lakstu puves intensitate sezonas beigas ir intervala starp 30 —
70 %. Pie Sadas slimibas intensitates kartupelu laksti vel ir zali, kas savukart veicina
P. infestans sporulaciju un izplatibu.

Fungicidu smidzinajumu skaita izmainas atkariba no ierobeZoSanas metodes.
Salidzinot fungicidu smidzindgjumu skaitu pa izmEginajuma gadiem Skirnei
‘Mutag@nagrie’(7. tabula), jasecina, ka starp salidzinatajiem smidzinajumu variantiem
2001. un 2002. gados ir veérojamas atSkiribas. Analiz&jot vidgjos raditajus (pa tris
izméginajuma gadiem), izmantojot prognozéSanas datormodeli NegFry ir iesp&jams
samazinat fungicidu smidzinajumu skaitu par 21 %, salidzinot ar standartizeto
smidzinajumu variantu, kur smidzinajumi tiek uzsakti lidz ar kartupelu lakstu
saklauSanos vagas un turpinati katras 7 — 10 dienas.

7. tabula / Table 7

Fungicidu smidzinajumu skaits Skirnei ‘Mutagenagrie’, 2000 — 2002 gados

The number of fungicide application, variety ‘Mutagenagrie’

Varianti / Treatments 2000 2001 2002 Vidgji
Standartiz&tais 3 4 3 3.3
variants / Standard
NegFry datormodelis / 3 3 2 2.6
NegFry

Skirnei ‘Sante’ katru izméginajuma gadu bija atikirigs variantu skaits.
Aprékinot vid€ji, smidzinajumu skaitu pa gadiem un variantiem, datormodela NegFry
pamat modela lietoSana lauj samazinat fungicidu smidzinajumu skaitu par 32 %,
salidzinot ar standartiz€to variantu, un par 26 %, salidzinot ar variantu, kur
smidzinajumi veikti saskana ar eksperta slédzienu (3.attels).

ArT modelis, kur prognozém tiek izmantoti meteorologiskie dati no
stacionarajam meteorologiskajam stacijam dot 30 % samazinajumu, salidzinot ar
standartiz€to variantu. Variants, kur smidzinajumi tiek veikti balstoties uz eksperta
sledzienu dod tikai 9 % smidzindjumu samazinajumu, salidzinot ar standartizéto
variantu.
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Fungicidu smidzinajumu
skaits / Number of treatments
[\

1

11T

1 4
0
Standartizétais  Eksperta =~ Modificétais NegFry Negkry
variants / sledzens / NegFry  datormodelis datormodelis /
Standard Expert modelis / + HMS / NegFry
decision Modified Negkry HMS
NegFry

3.att. Fungicidu smidzinajumu skaits vidgji pa smidzinajuma variantiem,
no 2000. Iidz 2002. gadam, Skirnei ‘Sante’

Fig.3. Average number of fungicide treatments during period 2000. — 2002,
variety ‘Sante’

Kaut arT smidzinajuma skaita samazinajums ir verojams, starp dazadajiem
variantiem nav butisku atskiribu. ArT konkrétajai izmeéginajumu vietai ir maza ietekme
uz smidzinajumu skaitu.

Dazadu lakstu puves ierobeZoSanas metoZu ekonomiskais vertéjums. Lai veiktu
izméginajuma ieklauto lakstu puves ierobezoSanas metozu ekonomisko izveértésanu, tika
salidzinats precu produkcijas iznakums, bumbulu infekcijas raditie zaud&jumi, ka ari
razas pieaugums no kartupelu lakstu puves ierobezosanas katra ieguldita lata.

Analizgjot iegiito precu produkciju pa izméginajuma gadiem ta sastada vidgji 88
— 98 % no kopejas kartupelu razas. Aprékinot bumbulu infekcijas raditos
zudumus (t ha™) razas vakSanas laika un radusos zaud&jumus (Ls ha™), tie ir atsSkirigi
pa izm&ginajuma gadiem (8. tabula). Situaciju, ka kontroles varianta ne 2000. ne 2001.
gada nav noveroti razas zudumi, var izskaidrot ar to, ka lakstu puves infekcija rezultata
kartupelu lakstu infekcijas pakape strauji sasniedza 50 %.
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LLU MPS Vecauce

8. tabula/ Table 8
Bumbulu infekcijas raditie razas zudumi un zaud&jumi, Skirne ‘Sante’,

Losses caused by tuber infection with late blight damages,
LLU Research and Study farm ,, Vecauce”

Varianti /
Treatments

2000

2002

Zudumi /

gjumi

Losses
t ha!
Zaud

/ Losses
Lsha'

Zudumi/
Losses
tha'

2001

Zaud&jumi
/ Losses
Ls ha™

Zudumi/

gjumi

Losses
t ha!
Zaud

/ Losses
Lsha'

Kontrole / Untreated

[e)

(e}

[e)

0.3

Standartizetais
variants / Standard

—
(e} fenl
S

3.0

240

N
N~

Eksperta slédziens /
Ekspert decision

1.3

104

0.1

[o¢)

NegFry datormodelis
/ NegFry

2.5

200

1.0

80

)

Modificetais NegFry
datormodelis /
Modified NegFry

1.3

104

53

424

NegFry datormodelis
+ 7 DRV / NegFry
7DRV

NegFry datormodelis
+ HMS / NegFry
HMS

Izmantojot jebkuru no lakstu puves ierobezo$anas metodém, ir vérojams precu
produkcijas pieaugums. Uzsakot NegFry datormodela adaptaciju Latvija, galvenais
mérkis bija samazinat fungicidu smidzinajumu skaitu. Tomé&r svarigi ir samazinat ne
tikai fungicidu smidzinajumu skaitu, bet arT kop€jo izlietoto fungicidu daudzumu viena

vegetacijas sezona.

Raas piecaugums (t ha') uz katru latu, kas iztéréts lictojot fungicidus ir

verojams katru gadu (9. tabula).
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9. tabula / Table 9

Fungicidu lietoSanas izmaksas, LLU MPS ‘Vecauce’

Outlay of fungicide application with different potato late blight control models

LLU Research and Study farm ,, Vecauce”

Varianti
| Treatments

2000

2001

2002

Fungicidu lietoSanas izmaksas /
Outlay of fungicides application,

Ls ha’!

Razas pieaugums
(t ha™) uz katru izlietoto Ls /
Increase of yield (t ha) on each Ls

Fungicidu lietoSanas izmaksas /
Outlay of fungicides application,

Ls ha’!

Razas pieaugums
(t ha™) uz katru izlietoto Ls /
Increase of yield (t ha™) on each Ls

Ls ha™
Razas pieaugums
(t ha™) uz katru izlietoto Ls /
Increase of yield (t ha™) on each Ls

Fungicidu lietoSanas izmaksas /
Outlay of fungicides application,

Kontrole /
Untreated

(e}

(e}

(e}

(e}

(e}
(e}

Standartizetais
variants / Standard

92.75

0.08

95.63

0.06

107.02 0.05

Eksperta sleédziens
/ Ekspert decision

59.91

0.13

79.25

0.11

72.21 0.05

NegFry
datormodelis /
NegFry

50.79

0.13

72.85

0.08

96.32 0.04

Modificetais
NegFry
datormodelis /
Modified NegFry

75.88

0.13

NegFry
datormodelis + 7
DRV / NegFry
7DRV

79.25

0.12

Vidgjais razas pieaugums 2000. un 2001. gados svarstas no 0.06 — 0.14 t ha™ uz
katru izlietoto latu. Naudas izteiksme 1 Ls, kas izteréts lakstu puves ierobezosanai, dod
4.8 — 11.2 Ls. Tas nozimé, ka kopuma visos variantos fungicidu lietoSana atmaksajas,
jo, no papildus iegtitas produkcijas atrékinot bumbulu infekcijas raditos zaud€jumus,

pelna ir vérojama.

Analizgjot fungicidu lietosanas izmaksas dazadas izm&ginajumu vietas, vairuma
gadfjumu lielakas izmaksas verojamas varianta, kur smidzinajumi veikti saskana ar
eksperta slédzienu. Tomér ne vienmer ari razas pieaugums $aja varianta ir zemaks. Kaut
ar1 NegFry modela varianta fungicidu lietoSanas izmaksas ir zemakas, parrékinot
kopgjos ienakumus no katra izteréta lata starpiba starp abiem variantiem ir nebitiska.
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Kartupelu Skirnu jutibas pret lakstu puvi lauka apstaklos novértéjums

Kartupelu skirnu jutibas pret lakstu puvi novértéSanas izméginajums iekartots
LLU macibu un pétijumu saimnieciba ”Vecauce” no 2001. Iidz 2003. gadam. Darba
uzdevums ir preciz€t kartupelu Skirpu jutibas pret lakstu puvi lauka apstaklos
raksturojosSos parametrus, lietoSanai datormodeli.

Galvenie parametri, kas izmantoti aprékinos, lai raksturotu kartupelu Skirnu
jutibu ir AUDPC un saskatama infekcijas izplatiSanas atrums. Papildus tiek analizets ar1
lakstu puves pirmo simptomu paradiSanas laiks un slimibas infekcijas intensitate, kad
standarta Skirnei lakstu puves intensitate parsniedz 90 %. Kaut arT izm&ginajumi
kartupelu $kirpu jutibas pret lakstu puvi novérté$anai izm&ginajumi tika iekartoti laika
posma no 2001. gada lidz 2003. gadam turpmak analiz&ti tiks tikai divi (2001. un 2002.)
izméginajuma gadi. lemesls tam ir tads, ka 2003. gada Vecaucé iekartotaja
izméginajuma kartupelu lakstu puve vispar netika novérota.

Kartupelu lakstu puves pirmo simptomu paradiSanas. 2001. gads bija loti labveligs
kartupelu lakstu puves attistibai. Tas pieradijas ar1 kartupelu Skirpu jutibas pret lakstu
puvi lauka apstaklos novértéSanas izméginajuma. Kartupelu lakstu puves pirmie
slimibas simptomi tika novéroti jau 30 dienas (6. jiilija) pec kartupelu sadigsanas skirnei
‘Sava’. Kartupeli Saja laika bija sakusi ziedet (60 — 65 attistibas stadija). Ar1 Skirnei
‘Mutag@nagrie’ slimibas simptomi tika nove€roti $aja pasa datuma, tomér, salidzinot
dienu skaitu no sadigSanas, tas bija 10 dienas vélak ka Skirnei ‘Sava’. Savukart Skirnei
sadigSanas. Salidzinot ar izvél&to standarta Skirni ‘Sante’, lakstu puves pirmie simptomi
tika noveroti agrak Skirném — ‘Sava’, ‘Redstar’, ‘Mutagénagrie’, ‘Oleva’, ‘Asterix’ un
‘Folva’. Velak ka standarta Skirnei slimibas simptomi tika novéroti skirném ‘Vineta’,
‘Danva’, un ‘Kuras’.

2002. gada situacija bija atSkiriga. Lakstu puves pirmie slimibas simptomi
— 75 attistibas stadiju (ogu veidoSanas laiks). Analizgjot visagrak lakstu puves pirmie
slimibas simptomi tika novéroti Skirnei ‘Rosara’ (2 dienas agrak ka standarta Skirnei
‘Sante’. Pargjam Skirném slimibas simptomi paradjjas velak. Tadam skirném ka
‘Lasunok’ un ‘Borodjanskij Rozovij’ pat 16 — 17 dienas vélak ka ‘Santei’.

Sakara ar to, ka 2002 gada analiz€to kartupelu Skirgu skaits bija lielaks, Skirnu
inficéSanas periods arT bija ilgaks. Starpiba no pirmo lakstu puves simptomu
noveroSanas briza Skirnei ‘Rosara’ un Skirnei ‘Borodjanskij Rozovij’ bija 19 dienas.

Atskiribas lakstu puves pirmos simptomu paradiSanas laika starp izm&ginajumu
gadiem var€tu skaidrot ar lielo infice€Sanas risku 2001. gada, kuru sekméja labveligi
meteorologiskie apstakli. Tomér jasecina, ka abos izm&ginajumu gados analiz&tajam
Skirn€m infic€Sanas periods bija vienads (divas nedélas).

Kartupelu lakstu puves attistiba pétijuma gados. Analizgjot divu gadu izmeginajumu
rezultatus, salidzinamas ir tikai 10, abos izméginajuma gados ieklautas kartupelu
Skirnes. Kaut ari lakstu puves attistiba pa izm&ginajuma gadiem vérojamas neliclas
atSkiribas, tomér tas nav bitiskas. Lielaka ietekme ir audzgSanai izvéletajai kartupelu
skirnei (4. att.).
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4.att. AUDPC raditajs dazadam kartupelu Skirném, 2001. un 2002. gada
Fig.4. AUDPC of different potato varieties in the years 2001 and 2002

Matematiski salidzinot iegiitos rezultatus pieradits, ka faktors B, kas Saja
gadijuma ir izm&ginajuma gads bitiski neietekm& lakstu puves attistibu konkrétajai
kartupelu Skirnei. Savukart faktora A (konkréta kartupelu Skirne) ietekme ir bitiska un
Frae = 4.060 > Fyie = 2.124. Rezultats pierada to, ka kartupelu lakstu puves attistibas
tendences konkrétai skirnei paliek nemainigas, neatkarigi no audzésanas gada.

Lakstu puves saskatamas infekcijas izplatiSanas atruma salidzinajums. Ne tikai
fungicidu lietoSanai ir ietekme uz lakstu puves infekcijas izplatiSanas atrumu, bet
nozime ir ar1 audz&Sanai izvéletajai Skirnei un konkréti §is Skirnes rezistences pakapei
pret konkréto slimibu un ar1 Skirnes jutibai pret slimibu lauka apstaklos. Ka viens no
Skirnes jutibas pret lakstu puvi raksturojoSiem raditajiem tiek lietots slimibas
saskatamas infekcijas izplatiSanas atrums (r).

Lai salidzinatu abos izméginajuma gados ieklautas kartupelu Skirnes, tika
aprékinats lakstu puves saskatamas infekcijas izplatiSanas atrums vidéji sezona. Ka
redzams 5. att€la, visam min€tajam Skirném saglabajas vienadas tendences. Biitiskakas
atSkiribas ir tikai Skirnei ‘Mutag€nagrie’ (starpiba starp vegetacijas sezonam 0.22
slimibas vienibas) un Skirnei ‘Vineta’, kur situacija ir lidziga (starpiba 0.18 slimibas
vienibas).
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5.att. Saskatamas infekcijas izplatiSanas atrums vidéji sezona, 2001. un 2002. gada

Fig.5. Apparent infection rate during the growing season 2001 and 2002

Kaut ari 2001. gada un 2002. gada vegetacijas sezonas péc meteorologiskajiem
apstakliem bija dazadas, tomér lakstu puves infekcijas izplatiSanas atrums dazadam
Skirném paliek nemainigs. Tas sava zina pierada ar1 katras konkrétas Skirnes stabilitati
attieciba pret lakstu puvi.

Lakstu puves intensitate vegetacijas sezonas beigas. Lakstu puves intensitate
vegetacijas sezonas beigas raksturo kartupelu Skirnu jutibu pret lakstu puvi lauka
apstaklos, bet Sis raditajs netieck nemts véra aprékinot katras Skirnes lauka jutibas
pakapi. Izméginajuma ieklautajam kartupelu Skirném ir atSkirigs vegetacijas sezonas
garums, tade] salidzinajumam par pamatu tiek nemta standarta Skirnes ‘Sante’ lakstu
puves intensitate. Skirnu lakstu puves intensitate tiek salidzinata laika, kad standarta
Skirnei ta parsniegusi 90 %.

Divu gadu rezultatu salidzinajums parada, ka izméginajuma ieklautas Skirnes ir
pietickami stabilas attieciba uz lakstu puves intensitati sezonas beigas. Standarta Skirnei
‘Sante’ abus izméginajuma gadus lakstu puves intensitate vairak ka 90 % sasniedz julija
beigas. Viszemaka slimibas intensitate $aja uzskaites reize ir Skirnei ‘Kuras’.
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6. att. Slimibas intensitate, kad Skirnei ‘Sante’ intensitate ir > 90 %

Fig. 6. Disease severity when severity of variety ‘Sante’ is > 90 %
Rs 0.05 =12.80 (20001) Rs 0.05=16.29 (2002)

6. att€la redzams, ka $kirném, kuras izméginajuma tika icklautas abus gadus,
starpibas starp gadiem nav bitiskas. Biitiskas atSkiribas ir tikai starp dazadajam
Skirném. Lakstu puves intensitate sezonas beigas ir atkariga tiesi no kartupelu Skirnes,
nevis audzeSanas gada. Protams, tas ir pie nosacijuma, ja lakstu puve vispar attistas
konkrétaja vegetacijas sezona. 2003. gada vegetacijas sezona to apliecina, jo lakstu
puves attistibai nelabvéliga gada, kad vispar nenotiek slimibas attistiba, visas kartupelu
Skirnes var€tu uzskatit par izturigam attieciba pret lakstu puvi, kas biitu kliidains
pien€mums.

Kartupelu Skirpu jutibas pret lakstu puvi lauka apstaklos iedalijums péc 9 ballu
skalas. Kartupelu Skirgu jutibas pret lakstu puvi novértgjuma 9 ballu skalas galvena
atSkirtba no ieprieks lietotas kartupelu Skirnu rezistences noveért€jumu skalas ir ta, ka
aprékinos tiek izmantoti tikai lauka izm&ginajumos iegtitie rezultati.

Aprekinos tiek izmantoti $adi galvenie parametri - lakstu puves pirmo simptomu
paradiSanas laiks katrai konkrétai kartupelu Skirnei, AUDPC raditajs, Skirnes AUDPC
attieciba pret standarta Skirnes AUDPC un saskatamas infekcijas izplatiSanas atrums (r).
AUDPC raditajs un saskatamas infekcijas izplatiSanas atrums tika aprékinats laika
perioda no pirmo slimibas simptomu noveérosanas Iidz lakstu puves intensitate standarta
Skirnei (‘Sante’) parsniedza 90 %.

2001. gada péc veiktajiem aprékiniem puse no izméginajuma ieklautajam
skirném tika novértétas ar 4 ballem — ‘Sante’, ‘Vineta’, ‘Folva’, ‘Red Star’ un ‘Asterix’.
Viszemakais jutibas vert€jums bija skirnei ‘Mutagénagrie’. Savukart Skirne ‘Kuras’ tika
novertéta ar 9 ballem.

2002. gada izméginajumos situacija ir atskiriga no iepriek3gja gada. Skirném —
‘Mutagénagrie’, ‘Sante’, Danva’ un ‘Kuras’ aprékinata jutibas pakape pret lakstu puvi
palikusi nemainiga. Skirnei ‘Vineta’ jutibas novértgjums lauka apstak]os mainijas no 4
ballem 2001. gada uz 1 balli 2002. gada. Savukart Skirnes ‘Oleva’ un ‘Sava’ paradija
lielaku izturibu pret lakstu puvi, salidzinot ar 2001. gadu. Atskiribas pa gadiem pierada,
ka Skirpu jutibas vertgjums pret lakstu puvi lauka apstaklos nav stabils.
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Divu gadu izméginajuma dati pierada, ka ir kartupelu Skirnes, kuras péc to
jutibas pret lakstu puvi migré no vienas ballu grupas uz otru. Tad€] izm&ginajumi ir
jaturpina un ari japaplasina, jo Latvija audzeto kartupelu Skirnu klasts ir loti plaSs.
Prognozgsanas datormodelu adaptacija un ieviesana tikai sekmés $adu izméginajumu
turpinasanu.

Oosporu sastopamibas petijumi

Laboratorijas izm&ginajumi saistiba ar oosporu veidosanos veikti LLU Augu
biologijas un aizsardzibas katedras laboratorija. Ar lakstu puvi inficéto lapu paraugi
ievakti no 2002. lidz 2004. gadam dazadas Latvijas vietas.

Par to, ka arT Latvija ir novérojama oosporu veidoSanas, liecina jau tas, ka sakot
ar 1980. gadu sakumu arvien biezak tiek noverota lakstu puves stublaju forma. Stublaju
formas paradiSanas un izplatiba liecina par patog€na agresivitates un virulences
izmainam. ST lakstu puves izpausmes forma ir griitak ierobeZojama ar fungicidiem.
Tade] daudzi lakstu puves pétnieki uzskata, ka stublaju formas veidoSanos ir veicinajis
tieSi dzimumvairoSanas process, kura rezultata veidojas oosporas.

Par oosporu iesp€jamo veidoSanos liecina kartupelu lapu paraugi uz kuram ir
noverojamas divas vai vairakas lezijas (7. att€ls). Tomér ne vienmér, analiz€jot Sadu
paraugu, biis noveérojamas oosporas. Oosporas veidosies gadijuma, ja katra no I€zijam
saturés dazadu genotipu micé€lijus, viena Al un otra A2. Tacu gadijuma, ja abas I€zijas
bis veidojusas no vienada genotipa micélija, oosporas neveidosies. Paraugiem derigas
kartupelu lapas (ar divam vai vairakam I&zijam) nov€rojamas vairak uz vegetacijas
sezonas beigam, kad lakstu puves intensitate parsniedz 50 %.

iespéjama oosporu
veidoSanas vieta

P. infestans
micelijs

P. infestans
micelijs

7. att. Lakstu puves inficéta lapa ar divam lezijam

Fig. 7. Leaf infected by potato late blight (two spots)

Ar lakstu puvi infic@ti lapu paraugi tika ievakti dazadas Latvijas vietas
(10. tabula).
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Ievakto paraugu analize

Test of collected samples

10. tabula / Table 10

Gads / Year Ievakto paraugu Paraugu skaits, kuros %
skaits / Number of | atrastas oosporas / Number
samples of samples with oospores

2002 79 74 94
2003 59 47 80
2004 77 57 74
Kopa/ 215 178 83
Total number

Mazakais paraugu skaits (29 %), kuros ir novérotas oosporas, atziméts Vecauce.
Konkrétaja kartupelu lauka tika iekartoti izméginajumi saistiba ar biologisko kartupelu
audzeéSanu. Pirms tam $aja lauka kartupeli nav bijusi audzeti vismaz 30 gadus.

Promocijas darba izstrades laika gitie rezultati pierada, ka oosporu veidosanas
Latvija esoSajai P. infestans populacijai ir raksturiga. Tomér pasreiz kopigi ar kartupelu
audzgtajiem un konsultantiem ir jaturpina p&tijumi par to, kada ir abu genotipu Al un
A2 procentuala attieciba un cik liela ir A2 izplatiba Latvija.

Oosporu sastopamiba nozim&, ka kartupelu audz€tadjiem lielaka uzmaniba
japiever§ augu mainai. Arl augu aizsardzibas lidzeklu razotaju un izplatitaju firmam ir
svarigi nemt véra $o faktoru, jo Iidz $m lietotie fungicidi nav efektivi pret oosporam.
ArT lakstu puves stublaju forma ir griitak ierobezojama.
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SECINAJUMI

Datormodela NegFry izmantoSana lakstu puves pirmo slimibas simptomu
prognozesanai ir efektiva slimibas attistibai nelabvéligos gados. Kopuma sados
gados izmantojot NegFry datormodeli vai ta modifikacijas ir vérojams fungicidu
smidzinajuma skaita samazinajums par 20 — 40 %.

Analiz€jot vienas izm&ginajumu vietas datus par lakstu puves attistibu
vegetacijas sezonas laika un iegito razu, ta ir atkariga no slimibas
ierobeZoSanas, bet nav atkariga no konkrétas izveletas ierobeZosanas metodes.

Fungicidu smidzinagjumu ietekme uz lakstu puves saskatamas infekcijas
attistibas atrumu v€rojama tikai gadijumos, kad reali ir nov@roti lakstu puves
simptomi.

Bumbulu infekcijas pakapi ietekmé lakstu puves intensitate vegetacijas sezonas
beigas. Vislielaka infic€Sanas noverojama, kad lakstu puves intensitate sezonas
beigas ir robezas no 30 — 70 %. Tas izskaidrojams ar to, ka pie $§adas intensitates
patogena sporulacija ir lielaka un bumbulu inficeé$anas risks pieaug.

Ekonomiski pieradits, ka lakstu puves ierobezo$ana ir nozimigs process, bet
izveletajai ierobeZzoSanas metodei nav bitiskas nozimes. Kamér Latvijas
kartupelu audzgetaji smidzinasanu veiks nevis skatoties no nepiecieSamibas, bet
ekonomisku apsvérumu dél, NegFry datormodela izmantoSanai nav nakotnes.

Kartupelu skirnu jutiba pret lakstu puvi lauka apstak]os tiek noteikta izmantojot
tikai lauka izméginajuma datus. P&c pasreiz€jiem pétijumiem Skirném piemit
tendence migrét no vienas ballu grupas uz otru, tomér 9 — ballu jutibas skalai
biis biitiska nozime, ja arvien plasak Latvija saks pielietot prognozeSanas
modelus.

Ievaktajos kartupelu lapu paraugos 83 % gadijumu veidojas oosporas. Oosporu
veidoSanas Latvija esoSaja P. infestans populacija var sekmét lakstu puves
pirmos slimibas simptomu agraku paradiSanos un ietekmét lakstu puves
ierobezosanu vegetacijas perioda laika. PEtijumi saistiba ar P. infestans
populacijas struktiiru Latvija jaturpina, lai noteiktu genotipa A2 izplatibu un abu
genotipu Al un A2 procentualo attiecibu.

26



PATEICIBA

Pateicos par praktisko palidzibu un atbalstu pétijumu veikSanai LLU MPS
»Vecauce” direktora vietniecei zinatniskaja darba asoc. prof. Zintai Gailei un
agronomém Anitai Capus un Intai Zaikai.

Pateiciba Danijas — Baltijas valstu un Polijas kopprojekta ,,Development and
Implementation of an Internet based Decision Support Systems for Integrated Pest
Management in Latvia 2000 — 2002 iesaistitajiem partneriem Ilzei Priekulei no Valsts
Augu Aizsardzibas centra (tagad Latvijas Augu Aizsardzibas pétniecibas centra) un
Stendes Selekcijas stacijas, Karlim Bebrim un Ilvai Bebrei, Janim Miglanam un Aigai
Radenai, Leonam Skrabanam, Antrai Zeivotei no Valsts Augu Aizsardzibas dienesta
prognozésanas un diagnostikas regionalajam nodalam Priekulos, Bauska, Aizkrauklé un
Saldd.

Liels paldies koleégiem LF Augu biologijas un aizsardzibas katedra par moralo
atbalstu un uzmundrinajumu darba tapSanas gaita.

Paldies Somijas Lauksaimnieciba zinatnes centra Augu Aizsardzibas
departamenta kolektivam un 1pasi Dr. Asko Hannukkala par iesp&ju apgit iemanas un
laboratorijas metodes P. infestans populacijas analizei.

27



10.

Zinatnisko publikaciju saraksts / Scientific publications

Turka 1., Bimsteine G., Gaile Z. Kartupelu lakstu puves ierosinataja
Phytophthora infestans (Mont) de Bary prognozéSanas pieredze izmantojot
datormodeli NegFry Latvijas apstaklos // Agronomijas vestis / LLMZA, LLU
LF —2001. Nr. 3., 40 — 46 lpp.

Bimsteine G. Kartupelu lakstu puves prognozesanas iespéjas Latvija. // LLU
Starptautiska doktorantu zinatniska konference ,,Zinatne lauku attistibai”,
Jelgava, Latvija, 23.-25.maijs, 2001., 31 — 34 Ipp.

. Bimsteine G., Turka I. Kartupelu lakstu puves ierobeZoSanas dazadu modelu

efektivitate. / Agronomijas véstis / LLMZA, LLU LF —2002. Nr. 4., 35 — 39 Ipp.

Bimsteine G. Changes of biology of potato late blight pathogen Phytophthora
infestans in last years. Review // Proceedings of International scientific
conference “Research for rural development 2002”, Jelgava, LUA, 2002., pp. 58 — 60

Koppel M., Hansen J.G., Lassen P., Turka I., Bimsteine G. and Valskyte A.
Validation of NegFry decision support systems in Baltic countries in 1999 —
2002 // Proceedings of Seventh Workshop an FEuropean network for
development of an integrated control strategy of potato late blight, Poznan,

Poland, 2 — 6 October, 2002., pp. 47 — 57

Bimsteine G. Evaluation of potato varietie’s field resistance against
Phytophthora infestans in Latvia // Proceedings of International scientific
conference “Research for rural development 2003”, Jelgava, LUA, 2003., pp.25 — 29

Bimsteine G., Turka I. Interactions of development rate and dynamics of potato
late blight control strategies // Proceedings of Eighth Workshop an European
network for development of an integrated control strategy of potato late blight,
Jersey, England — France, 31% March — 4™ April, 2004., pp. 259 — 266

Turka I., BimsSteine G., Mihejeva L. Partikas kartupelu audze$anas ekonomiskie
riski biologiskajas saimniecibas // LLU Raksti Nr.11 (306), 2004; 9 — 15 Ipp.

Bimsteine G. Interaction between secondary infection of late blight and yield
quality // Agronomijas véstis (Latvian Journal of Agronomy) / LLMZA, LLU
LF —2004. Nr. 7.,129 — 133 lpp.

Bimsteine G. The economical benefit of potato late blight control. / Annales
UMCS, Sec. E, 2004., pp. 663 — 669

28



Zinojumi zinatniskas konferences / Presentations in scientific conferences

10.

11

LLMZA un LLU Lauksaimniecibas fakultates zinatniska konference, Jelgava,
8. - 9. februaris, 2001. Stenda zinojums: Turka I., Bimsteine G., Gaile Z.
»Integrétas augu aizsardzibas iespé&jas kartupelu stadijumos”.

LLU Starptautiska doktorantu zinatniska konference ,,Zinatne lauku attistibai”,
Jelgava, Latvija, 23.-25.maijs, 2001. Referats: ,,Probability of forecasting potato
late blight in Latvia”.

LLU Starptautiska doktorantu zinatniska konference, Jelgava, Latvija, 22. — 23.
maijs, 2002. Referats: “Changes of biology of potato late blight pathogen
Phytophthora infestans in last years”.

Seventh Workshop an European network for development of an integrated
control strategy of potato late blight, Poznan, Poland, 2 — 6 October, 2002.
Referats: ,,Epidemic and control of potato late blight in 2002 in Latvia”.

Seventh Workshop an European network for development of an integrated
control strategy of potato late blight, Poznan, Poland, 2 — 6 October, 2002.
Referats: Koppel M., Hansen J.G., Lassen P., Turka I., Bimsteine G. and
Valskyte A. ,,Validation of NegFry decision support systems in Baltic countries
in 1999 —2002”.

LLU Starptautiska doktorantu zinatniska konference, Jelgava, Latvija, 21. — 24.
maijs, 2003.Referats: “Evaluation of potato varietie’s field resistance against
Phytophthora infestans in Latvia”.

NJE’s 22" Congress Nordic Agriculture in Global perspective, July 1 — 4,
Turku, Finland, 2003. Referats: Turka I., Bimsteine G. “Decision support
systems in Latvia with future trends to coordinate monitoring systems in the
Baltic countries”.

Eighth Workshop an European network for development of an integrated control
strategy of potato late blight, Jersey, England — France, 31% March — 4™ April,
2004. Referats: Turka I., Bimsteine G. “Epidemic and control of potato late
blight in 2003 in Latvia”.

Eighth Workshop an European network for development of an integrated control
strategy of potato late blight, Jersey, England — France, 31% March — 4™ April,
2004. Referats: Bimsteine G., Turka I. “Interaction of development rate and
dynamics of potato late blight”.

LUA, “Epidemiology facets of harmful organisms in cropping systems”,
Jelgava, Latvia, 26 — 28 August, 2004. Stenda zinojums: “Interaction between
secondary infection of late blight and yield quality”.

. Agricultural University in Lublin, “Agronomical practices in the formation of

environment and the quality of food”, Lublin, Poland, 27 — 28 September, 2004.
Stenda zinojums: “The economical benefit of potato late blight control”.

29



INTRODUCTION

Late blight of potato (Solanum tuberosum L.), caused by infection of leaves,
stems and tubers is the most important potato disease. The first report about potato late
blight comes from Belgium in June 1845 and after then disease rapidly was spreading.

At this moment potato late blight is outspread in all continents and is infecting
potatoes almost every year. The potato late blight caused by Phytophthora infestans
(Mont) de Bary is one of the most investigated plant pathogens.

P. infestans has been studied for more than 160 years and till now plant
pathologists are interesting about this pathogen. It can be explained with changes of
pathogen biology, occurrence of sexual reproduction, migration and economical
significance.

The changes of pathogen population depend on country meteorological
conditions and differences in list of potato varieties in a particular coauntry. Occurrence
of sexual reproduction increase the genotypic diversity of P. infestans so that it can
adapt more readily to adversity, for example, by becoming tolerant to fungicides or
overcoming host resistance.

Investigations about potato late blight in Latvia were started in 1924 in Priekuli.
The aim of experiment was to estimate different fungicides used for potato late blight
control. During the period 1980 — 1993, investigations were continued in Baltic filiation
of the Union Plant Protection and Research Institute. In this period the more attention
was paid to study of P. infestans population occurring in Latvia.

Potato late blight control has been the subject of a large number of
investigations. The disease can be successfully controlled by a combination of sanitary
measures, resistant varieties and fungicide application. The fungicide applications have
shown the effective results to protect potato foliage and tubers from late blight, on this
moment.

Standardized technology has been mainly used for potato late blight control in
Latvia. The first field treatment was made during the row closing. The regular fungicide
treatments were made each 7 to 14 days, using only protective fungicides or first two
times systemic and subsequent treatment with protective fungicides.

The number of treatments is different and it depends on growing season. The
changes of number of treatments can be explained with meteorological conditions and
used growing technologies in each country. The average numbers of treatments in one
growing season vary from 8 to 16 in European countries.

During the last 60 years computerized programs have been developed for
forecasting periods of appearing of first symptoms of potato late blight and for
scheduling applications of fungicides. All programs depend on the fact that late blight is
favored by meteorological conditions (moderate temperature and abundant moisture).
The meteorological situation in the country, variety, the degree of resistance of the
variety to late blight and effectiveness of fungicides are to be taken into account for
making forecast.

The Decision Support Systems in Latvia are used with one target — to reduce
number of fungicide treatments in one season. The use of NegFry model, which is on of
DDS model started in Latvia in 1998.

Research was done at the Latvia University of Agriculture, Faculty of
Agriculture, Department of Plant Biology and Protection and Research and Study farm
»Vecauce” during 2000 — 2003.
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The aim of investigation:

To use computer based Decision Support Systems for reduced number of
fungicide treatments for potato late blight control, considering pathogen population
structure and weather conditions in Latvia.

Following tasks were appointed:

To evaluate results from adaptation trials of late blight prognosis model
NegFry.

To clarify potato varieties degree of field resistance to late blight for
using in potato late blight forecasting models.

To manage population inventory of P. infestans and determine formation
frequency of oospores in Latvia.

Novelty of investigation:

Epidemiology and changes of Phytophthora infestans population were
investigated in Latvian agroecological and agrotechnical conditions.
AUDPC (Area under Disease Progress Curve) and apparent infection
rate were used for characterization of potato late blight development.

For the first time in Latvia formation of P. infestans oospores was
established in the laboratory.

The computer based prognosis model was used.

The investigations are published in 10 scientific articles and reported in 9 scientific

conferences.
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MATERIALS AND METHODS

The field trials consist of two parts - adaptation trials of late blight prognosis
model NegFry in Latvian conditions and observation trials for evaluation of potato
varieties degree of field resistance to late blight.

The decision support system NegFry was adapted in Latvia in the framework of
the Danish — Baltic countries and Poland project ,,Development and Implementation of
an Internet based Decision Support Systems for Integrated Pest Management in Latvia
2000 — 2002”. The project was possible with support from Danish government, because
the star of new technologies is expensive process, especially using of quality
meteorological information.

Institutions involved in the project in Latvia: Latvia University of Agriculture
(LLU) - Department of Plant Biology and protection and Research and Study farm
»Vecauce”, Latvian State Plant Protection Centre (at present Latvian Plant Protection
Research centre), Stende Plant Breeding and Experimental Station, Latvian State Plant
Protection Service Units of Prognosis and Diagnostics at Priekuli, Bauska, Aizkraukle
and Saldus. The results from all trials were summarized at the end of growing season
and totally analyzed at the PhD work.

The investigations for adaptation NegFry were based on the earlier agreed trial
guidelines and certified seed material, the same fungicides and potato varieties were
used in all places. Disease assessments were made according the guidelines (Hansen,
1998, 1999; Hansen and Lassen, 2000).

The establishment of NegFry adaptation trials

The field trials were conducted in the period 2000 — 2002 in the LLU, Research
and Study farm ,,Vecauce”. The two varieties — ‘Mutagenagrie’ and ‘Sante’ were used.
The variety ‘Mutagenagrie’ was used only for model and for forecasting the appearance
of first late blight symptoms. The experiment was established into four replications, but
number of variants was different. Each replicate occupied 33.6 m” but disease and yield
assessment were made only in 14 m’ (two middle rows)

Table 1

Experimental design, variety ‘Sante’, LLU Research and Study farm ,,Vecauce”
Number 2000 2001 2002

1. Untreated Untreated Untreated

2. Standard Standard Standard

3. Expert decision Expert decision Expert decision

4. NegFry NegFry NegFry

5. Modified NegFry Modified NegFry Modified NegFry

6. NegFry + 7 DRV NegFry + HMS

Untreated — without fungicide treatment;
Standard — treatment with contact fungicides every 7 — 10 days. First treatment
during the row closing;

e NegFry — according to NegFry with use of meteorological data from Hardy
Metpole. Treatment with contact fungicides;
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e Expert decision — two first treatments with systemic and subsequent treatments
with contact fungicides. First treatment during the row closing;

e Modified NegFry — according to NegFry with use of meteorological data from
Hardy Metpole. Treatments with contact fungicides. First treatment with half
dose at the time of infection of untreated susceptible variety ‘Mutagenagrie’ and
then continued using a full dose;

e NegFry + 7 DRV — according to NegFry + prognosis of Day Risk Value. Use of
meteorological data from Hardy Metpole. Treatments with contact fungicides;

e NegFry + HMS — according to NegFry with use of meteorological data from
Ordinary meteorological stations. Treatment with contact fungicides.

Only one variety ‘Sante’ was used in other trial fields. Number of variants was
different. Untreated, Expert decision and NegFry were tested in all growing seasons in
all trials.

Disease assessment was started during the row closing. Appearance of first
symptoms, disease development during the season, disease severity at the end of season,
and yield were compared and analyzed. Yield assessment (t ha™) and tuber infection
(%) were done during the harvesting.

The changes of disease apparent infection rate (r) were calculated during
growing season with different potato late blight control. Disease assessment were made
before fungicide application and after guaranteed time of fungicide effect. The Area
under Disease Progress Curve (AUDPC) was compared for analyses in different
treatment variants.

The losses (Ls ha™) caused by tuber infection with late blight damages, outlay of
fungicide application (Ls ha™) with different potato late blight control models and
increase of yield (t ha™) were calculated.

Trial assessing scale

Disease assessment was started during the row closing. Disease assessment were
made before fungicide application and after guaranteed time of fungicide effect. The
last observation was made before harvesting (Turka, Bankina, 1999; Fry, 1978; Dowley
et.al., 1999).

Foliage assessment key (%) (Cox and Large, 1960):

0 — healthy plant;

0.1 — several spots on a plant;

1 —up to 10 spots on a plant;

5 -up to 50 spots on a plant or 1 leaflet in 10 affected;

10 —up to 4 leaflet in 10 affected. Plant sill retaining normal form;

25 — nearly every leaflet with spots. Plant sill retaining normal form. Plot looks

green although every plant is affected.

e 50 — every plant affected and about half of leaf area destroyed by blight; plots
look green flecked with brown;

e 75 — about three — quarters of the leaf area destroyed by blight, plots look
predominantly green or brown;

e 95 —only a few leaflets green, but stems green;

e 100 — all leaves dead, stems dead or dying.
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Disease severity calculated (Turka, Bankina, 1999):

R z a*b 0
N
R— disease severity
a *b—  number of infected plants multiply with assessment key
N- total number of plants.

The establishment of observation trials

The aims of our research were to evaluate and classify potato varieties according
field resistance against late blight using 9 — grade scale. Only field observation data
were used for classification. The necessary for observation trials was development and
implementation of Decision Support System NegFry.

10 potato varieties - Mutagenagrie, Vineta, Sante, Folva, Sava, Red Star, Oleva,
Danva, Asterix, Kuras were tested in the year 2001. The trial was enlarged with 16
varieties - Impala, Rosara, Fresko, Columbo, Planta, Borodjanskij Rozovij, Latona,
Zile, Lasunok, Brasla, Bete, Vebeka, Raja, Magda, Unda, Saturna in the years 2002 and
2003. Sante was chosen as a reference variety.

The experiment was established into three replications. Each plot occupied four
6.0 m long rows, the distance between rows — 0.7 m. Space between tubers in the row
0.24 m. The experiment was carried out under natural conditions without fungicide
applications.

Disease assessment was made two times a week and started during the row
closing. Appearance of first symptoms, disease development during the season, and
disease severity at the end of season were compared and analyzed.

The changes of disease apparent infection rate (r) and Area under Disease
Progress Curve (AUDPC) were calculated and classified during growing season for
each variety (Table 2).

Table 2
Classification of varieties according AUDPC and apparent infection rate
(Hansen, 2001)

Grade | Variety AUDPC proportion to Apparent infection rate
1-9 reference variety AUDPC
1 > 135 >0.4 high
2 120 - 135 0.2-0.4 medium
3 105 -120 <0.2 low
4 90105 > (.4 high
5 75-90 0.2-04 medium
6 60—75 <0.2 low
7 45 -60 > 0.4 high
8 3045 0.2-04 medium
9 <30 <0.2 low
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The variety AUDPC proportion to reference variety AUDPC calculated
(Hansen, 2001):

(variety AUDPC / reference variety AUDPC) * 100 (2)

The field resistance against P. infestans in the potato varieties was determined
using the AUDPC, disease severity when the reference variety was more than 90 %. For
calculation of AUDPC using: delay of appearance of the first symptoms, apparent
infection rate and final disease severity.

Calculation of Area under Disease Progress Curve (AUDPC)
The Area under Disease Progress Curve (AUDPC) was calculated as described

by Shaner and Finney (1977), Fry (1978) and Flore-Gutierrez and Caden-Hinijosa
(1996):

SX, X
AUDPC = Z[%} *r -1,] 3)
i=1
X - disease severity at the ith observation
t— time in days after first infection appeared in the field
n— total number of observations

Calculation of apparent infection rate

The apparent infection rate was calculated as described by Hughes (2003):

*(log X2 —logij 4)

! t2—-tl 1-X2 1- X1

r— apparent infection rate

t1— time (days from germination) before fungicide application or observation
of first late blight symptoms

12— time (days from germination) after guaranteed time of fungicide effect or
last disease assessment

X1 - disease severity before fungicide application or observation of first late
blight symptoms

X2 - disease severity after guaranteed time of fungicide effect or at last

disease assessment

Investigations about occurrence of oospores

Laboratory experiments were carry out at LLU Department of Plant Biology and
Protection during the period 2002 — 2004. The samples were collected in different
places in Latvia. In the year 2002, the samples were collected from NegFry adaptation
trials in Vecauce and from observation trials in Vecauce and Priekuli. In the years 2003
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and 2004, the samples were collected from observation trials in Priekuli and from
conventional fields in region of Liepaja, Kuldiga, Saldus and Dobele, from home
gardens in Jelgava and from organic field in Vecauce.

Potato leaves with two or more late blight spots were sampled. The leaf samples
were incubated on Petri — dishes (with @ 10 cm) in distilled water at least for 2 or 4
weeks. After that samples were put on microscope slide and examined under 10 x 10
magnifications.

RESULTS
Results of NegFry adaptation trials

Observations of first symptoms of potato late blight. The observations of first
symptoms of potato late blight depend on meteorological conditions and from
effectiveness of used control strategy. The time of appearing first symptoms is different
from year to year.

In the year 2001, the potato late blight was observed earlier than in other
growing seasons (Table 3). The model prognosis about appearing of first symptoms is
not exact. To compare with real situation it was one week or one month earlier.
Fungicide treatments were done according model recommendations and it was
untimely.

To analyze different growing seasons, the model prognosis is more accurate in
growing seasons which are favorable for potato late blight development.

Tendencies of development of potato late blight. Potato late blight disease
development depends on weather conditions in growing season. The years were
different during the investigations. The disease severity at the end of season and
AUDPC were analyzed for comparing influence of different potato late blight control
systems on diseases development (Tables 4 and 5).

The results show that the most favorable conditions for late blight development
were in the year 2001. The disease severity was significantly lower during the growing
seasons 2000 and 2002. Statistically there are significant differences between results
obtained in the seasons and between untreated and treated with fungicides variants, but
no significant differences between different control strategies are observed in each
certain year.

The calculated AUDPC show similar situations. The AUDPC was lower in the
growing season 2002. In the years 2000 and 2002 statistically there are significant
differences between untreated and treated variants, but not significant differences are
observed between used control strategies.

To compare results from Vecauce with other trials the situation is similar.
Significant differences were observed only between untreated and treated variants.
When comparing all growing seasons more differences were observed in untreated
variants. That means that late blight development depends on field location, too.

The influence of fungicide application on apparent infection rate. The changes of
disease apparent infection rate (r) were calculated during growing season with different
potato late blight control. Disease assessment were made before fungicide application
and after guaranteed time of fungicide effect.
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For variety ‘Mutagenagrie’ the effect of fungicide application on late blight
apparent infection rate was observed only in the year 2001 (Fig. 1). In other years the
influence was not significant or not observed at all because disease progress was
observed after guaranteed time of fungicide application. To compare untreated and
treated with fungicides variants there were not observed significant differences. The
infection rate was observed higher in the beginning of growing season but during the
season it was observed decreasing. It could be explained with reduction of the amount
of relatively healthy potato leaves.

For variety ‘Sante’ the effect of fungicide application was observed every year
but not in all variants. Significant changes of apparent infection rate were observed in
the year 2001 (Fig. 2). During growing season almost all fungicide treatments
influenced the late blight apparent infection rate and it was lower than in untreated
variant. There were not differences found when compared different control strategies. In
other growing seasons the situation was similar with variety ‘Mutagenagrie’ — infection
rate was higher in the beginning of growing season but during the season it was
observed decreasing.

During growing season all analyzed control strategies influenced the disease
apparent infection rate, but there were no significant differences observed in each
certain year. It is significant to make fungicide application timely before appearing of
late blight first symptoms.

Results from trials in Vecauce were compared with results obtained from other
trials. In this case the apparent infection rate was calculated for all growing season. To
compare all growing seasons, the more effective fungicide influence on apparent
infection rate was favorable for late blight development years. Statistically significant
differences were not found between trial locations.

The influence of fungicide application on potato yield and tuber infection. The
tuber yield varied between growing seasons. The 3 - year results show that higher potato
yield (t ha™) was produced in growing season 2000 but lowest in the growing season
2001. The increase of yield was 44 — 49 % in variants treated with fungicides, but 55 %
in untreated variants. In the year 2002, the potato yield was higher than in 2001 (25 — 45
%), but lower than in the year 2000 (19 — 24 %). The increase of yield demonstrated
that under weather conditions not favorable for the development of potato late blight, it
was possible to get significantly higher yields (Table 6).

Statistically there are significant differences between untreated and treated with
fungicides variants, but no significant differences are observed between different
control strategies.

The higher tuber infection was detected in the years 2000 and 2001 (% from
tuber yield) (Table 6). Tuber infection often was observed in variants treated with
fungicides but not in untreated variant because potato foliage was faster infected by late
blight and tuber infection did not occur. Statistically there are no significant differences
between results.

To compare results (potato yield and tuber infection) of two growing seasons
from all trials significant differences were observed between different variants and
between different trial locations. Not only in Vecauce, but also in other trial places the
tuber yield was higher in the year 2000. The increase was 5 — 25 % compare to standard
variant and 10 — 30 % compare Negfry variant with untreated variant.

The higher tuber infection was observed in cases when late blight severity at the
end of the season varied between 30 — 70 %. The potato foliage was still green and that
was favorable for development and sporulation of P. infestans.
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Number of fungicide applications. Considering number of treatments there were
found differences between used control strategies, except the year 2000 for variety
‘Mutagenagrie’ (Table 7). In the year 2000 number of treatments was the same in all
treated variants. Decrease of number of fungicide treatments was observed in variants
where applications were recommended by NegFry. Average reduction of number of
treatments (21 %) was observed.

In trials with variety ‘Sante’ there were more treated with fungicides variants.
To compare standard variant with treated variants, in all there was achieved reduction in
fungicide use. NegFry reduced the number of applications by 32 %, NegFry with HMS
by 30 % and expert decision - only by 9 % (Fig. 3). The decrease was 26 % to compare
NegFry variant with that where fungicide application was done after expert
recommendations. Statistically significant differences are not found between treated
with fungicides variants.

The economical estimation of different control strategies. The economical estimation
of used late blight control strategies depends on the quantitative increase in the yield
and its effect on tuber quality. The average commodity products were 88 — 98 % from
potato yield. The losses caused by tuber infection with potato late blight were different
in experimental years (Table 8). In the years 2000 and 2001 the losses were no observed
in untreated variants. It can be explained with very fast disease development on potato
foliage during growing season.

The use of computer based model NegFry not only reduced fungicide
application but also total amount of fungicides 1 ha™. The reduction in total fungicide
amount could be explained with the use of only protective fungicides.

Each LVL spent for fungicide application gave an increase in the tuber yield (t ha™)
(Table 9). In the growing seasons 2000 and 2001, the increase was between 0.06 — 0.14
tha”. Each LVL spent for fungicide application gave 4.8 — 11.2 LVL.

The outlay of fungicide applications was higher in variant with expert decision,
but increase of yield was not always lower than that in other treated variants.
Statistically significant differences are not observed between treated with computer
based NegFry model and variant with expert decision.

Estimation of potato varieties field resistnce against late blight

Field trials were carried out in the years 2000 — 2003 during implementation of
Danish decision support system NegFry in Latvia University of Agriculture Study and
Research farm “Vecauce”. The aim of investigations was to define parameters for
classification of potato varieties field resistance to late blight according 9 grade scale.

Apparent infection rate and AUDPC were used for calculations. Appearance of
first potato late blight symptoms was used in addition.

Only two years 2001 and 2002 were analyzed, because in the year 2003 potato
late blight was not observed in this region.

Observations of first symptoms of potato late blight. The year 2001 was very
favourable for development of potato late blight and first symptoms were observed only
30 days (July 6) after potato germination in variety ‘Sava’. In variety ‘Mutagenagrie’
the first late blight symptoms were found in the same day, but it was 40 days after
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germinations of this variety. In variety ‘Kuras’ the first symptoms were observed 47
days (July 17) after germination. To compare with reference variety ‘Sante’, first late
blight symptoms were observed earlier in varieties ‘Sava’, ‘Redstar’, ‘Mutagenagrie’,
‘Oleva’, ‘Asterix’ un ‘Folva’ but later in varieties Vineta’, ‘Danva’, un ‘Kuras’.

In the year 2002 the situation was different. First late blight symptoms were
observed on July 8 (46 days after potato germination) in variety ‘Rosara’ and two days
later in reference variety ‘Sante’. In others varieties first disease symptoms were found
later than in ‘Sante’. The varieties infection period was longer and took more than two
weeks.

To compare varieties included in the experiment, in both experimental years
differences in time between appearing of first symptoms were two weeks.

Development of potato late blight. Only 10 varieties included in the experiment in
both experimental years were analyzed. Statistically significant differences are not
observed between late blight developments in the years 2001 and 2002. Significant
differences were established between different varieties (Figure 4).

Results showed that tendencies of development of potato late blight for one
variety did not depend on growing season.

Changes of apparent infection rate. The apparent infection rate is one of the
parameters for characterization of variety field resistance to late blight.

The changes of disease apparent infection rate (r) were calculated during
growing season. Disease assessment were made two times a week and started during the
row closing. The all analyzed varieties showed the similar tendency in both
experimental years (Figure 5). The significant differences were observed in variety
‘Mutagenagrie’ (difference between growing seasons 0.22) and in variety ‘Vineta’
(difference between growing seasons 0.18).

Although the weather conditions in growing seasons 2001 and 2002 were
variable the apparent infection rate were constant for some of the varieties. That
demonstrates stability of varieties to late blight infection.

Potato late blight severity at the end of season. Disease severity at the end of season
is one of the parameters characterizing the potato field resistance, but it’s not used for
calculations of field resistance degree. The vegetation season was not the same for all
varieties. The disease severity for reference variety ‘Sante’ was more than 90 % and it
was analyzed.

Two year results show that varieties included in the experiment were stable
concerning disease severity at the end of season. Late blight severity exceeding 90 %
was observed at the end of July in reference variety. The lowest disease severity was in
‘Kuras’.

All analyzed varieties showed the similar tendency in both experimental years
(Figure 6). The significant differences were observed between varieties, but not between
years. That means, that the varieties influence on disease development is more effective
if the growing season is favourable for late blight development.

Classifications of potato varieties according 9 - grade scale. Only field observation
results were used in classification of potato varieties according 9 - grade scale.
Appearance of first late blight symptoms, apparent infection rate and the variety
AUDPC proportion to reference variety AUDPC were used for calculations.
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The variety AUDPC was calculated during the period from appearance of first
disease symptoms to disease severity exceeding 90 % in reference variety ‘Sante’.

In the year 2001 varieties - ‘Sante’, ‘Vineta’, ‘Folva’, ‘Red Star’ un ‘Asterix’
were classified in grade 4. Only one variety - ‘Kuras’ was classified in grade 9.

In the year 2002, situation was different. Varieties ‘Mutagenagrie’, ‘Sante’,
Danva’ un ‘Kuras’ were constant in both evaluation years. ‘Vineta’ was less susceptible
to late blight (grade 1) while ‘Oleva’ and ‘Sava’ were more susceptible in 2002 than in
2001.

The results were indicative that differences could be explained with variability
in weather conditions. The varieties are not stable and can migrate from one grade to
another. Further evaluation trials are needed to obtain omnifarious results, including
more varieties. The validations of computer based models are stimulating the
investigations about potato field resistance.

Occurrence of oospores

Laboratory trials on occurrence of oospores in Latvia were realized in LLU
Department of Plant Biology and Protection during the period 2002 — 2004. The potato
leaf samples were collected in different regions of Latvia.

The first signal about formation of oospores was got in 1980ies. The reason was
observation of late blight on stems. Stem form of potato late blight indicated about
changes of pathogen aggressiveness and virulence. The control of this form is more
difficult. The sexual reproduction and formation of oospores could be one of the reasons
of appearing of stem form so often.

Potato leaves with two or more spots are the samples were oopores could be
found (Figure 7). Formation of oospores depends on representing of opposite mating
types. If each of spots develops from opposite mating type (Al and A2) the formation
of oospore will be possible. Formation of oospores will not be occurring if the spots
develop from the same A1l or A2 mating types. More potato leaves with two spots were
observed at the end of growing season when disease severity exceeded 50 %.

In the year 2002 the samples were collected from NegFry adaptation trials in
Vecauce and Priekuli and potato varieties observation trials in Vecauce. In the year
2003 the samples were taken from potato varieties observation trials in Priekuli and
from conventional fields in regions of Liepaja, Kuldiga and Dobele. In the year 2004
the samples were taken from certified organic field in Vecauce, from home gardens in
Jelgava and conventional field in Saldus (Table 10).

The lowest oospores formation rate was fixed in organic field in Vecauce, only
29 %. The potatoes were not growing in this field for a very long period.

Results of samples test demonstrated that formation of oospores take place in
P. population in Latvia. The further research is needed to estimate ratio between
mating types Al and A2.

The occurrence of oospores means that plant rotation is one of the significant
measures for potato late blight control and usage of fungicide may not be so effective.
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CONCLUSIONS

The using of computer based model NegFry for forecasting appearance of first
disease symptoms was effective only growing seasons not favorable for late
blight development. The reduction of number of fungicide treatment was 20 — 40
%.

Results about late blight development during growing season and tuber yield
show that statistically there are significant differences between untreated and
treated with fungicides variants, but no significant differences between different
control strategies.

During growing season all analyzed control strategies influenced the disease
apparent infection rate, but there were no significant differences observed in
each certain year. The primary is to make fungicide application timely before
appearing of late blight first symptoms.

Tuber infection often was observed in variants treated with fungicides but not in
untreated variant because potato foliage faster was infected by late blight and
tuber infection not occur. Statistically there are no significant differences
between results.

The potato late blight control is economically significant, but no differences
between used control strategies. The future of computer based model NegFry
using in Latvia is still unclear because model application is expensive.

Only field observation results were used in classification of potato varieties
according 9 — grade scale. The varieties are not stable and can migrate from one
grade to another however the estimation of potato field resistance will be
important factor if the using of computer based models will be developed in
Latvia.

The average oospores formation rate was 83 % of samples. Results of samples
test demonstrated that formation of oospores take place in P. population in
Latvia. The further researches are needed to estimate ratio between mating
types Al and A2.
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