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THE EFFECT OF NITROGEN FERTILIZATION
QN VIRUS INFECTION OF FIVE POTATO VARIETIES
REPRODUCED IN ZONES OF DIFFERENT INFECTION PRESSURE

Leszek Styszko

Ingstitute for Potato Research,
Department of Virus Diseases and Seed Production in Bonin

In the literature it is usually assumed that whereas nitrogen
fertilization increases the potato crop, the seed potataes produced
may be stronger virus-infected., Some authors indicate that the doses
of nitrogen may be increased if more resistant varieties are culti-
vated in zones of low hazard of virus diseases [2, 6, 7], In Poland
it is recommended to limit nitrogen doses in cultivation of seed po=-
tatoes to 60 kg N/ha in the III and IV infection pressure zone, and
to; 90 kg N/ha in the remaining zones. Accarding to Songin (8], under
conditions of the III zone of infection pressure up to 100 kg N/ha
can be applied for seed potato creps. In other publications giving
no consideration to wirus hazard it is recommended to use very big
nitrogen doses, up to 140 kg N/ha (1].

The present studies were aimed at gaining insight into the ef=-
fect of nitrogen fertilization and of its interaction with infection
pressure zones, potata varieties and seed treatments - on seed pota-
ta; infection with PRLV and PVY, An additional objective invalved sta=
tistical evaluation of the importance of the investigated factors,
as well as of their substitution.

MATERIAL AND METHOD
In years 1981-1984, two experimental series were carried out ace

cording to a similar scheme, consideration being given +to zones of
infection pressure (6 localities in 3 zones), potata varieties (5),



152 L, STYSZKQ

seed treatments (2) and nitregen doses (3)., Potate varieties selec~
ted from the angle of resistance to PLRV and PVY were cultivated du~
ring 2 years. Each series comprised a preliminary experiment (A)
with application of various seed treatments and aof different nitro-
gen fertilization levels, as well as a comparative experiment (B)
far the determination of virus infection of plants. In experiments A,
in autumn in all localities identical fertilization with manure, pho-
sphorus and potassium was used, and only nitrogen fertiligation was
differentiated., Nitrogen (in the form of urea) was sown in spring,
prior te planting, in doses of: 50, 100 and 150 kg/ha. The e¢lite
seed material of five varieties was reproduced during 2 years by the
imposition method, with the use of the fallowing +treatments: a =
- five-fold negative selection, as well as b = germination ef tuber
sprouts, fivefold negative selection, fourfold aphid contrel and de=
foliation with Reglone, Aphid control was perfarmed in the first se=
ries with Bi 58 EC (dimethoat) and in the second one with Filitox -
- methamidophos (owing to low effectiveness of the former). In com=~
parative experiments B set up in Bonin, use was made of tuber
sprouts derived from experiments A performed in six localities. In
experiments B, fertilization with manure, phosphorus, potassium and
nitrogen was identical, and no seed treatments were applied., Studies
were perfarmed in 2 series: experiments A - first series imn 1981=
-1982, secand series in 1982/833 experiments B - first series in
1983, second series in 1984,

In the experiments, selection of factors and of their levels was
aimed at obtainment of great differentiation of virus infectian, The=-
refore, the combinations of so selected the factors alsc contain ex-
treme positions and reflect the conditions occurring in potato seed

production.

METHOD FOR ANALYSIS OF THE RESULTS

Consistently with the described pracedure for obtainment of per=
centile data, the following mathematical model (linear hypothesis)
was applied:

+
Yijk]l =m + g + aj + eij e+ b + acal & abjk + 84 jx1 +d ¢+ > Y

dfmn 4 adjm.* afjn + adrjmn'+ dcml + d‘nmk + £cn1 + fbnk + d:f.‘bmnk +
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where:
m e« mean for the papulation,
g; = effect of experimental series,

aJ - effect of j=-th potato wvariety,

¢, = effect of l-th infection pressure zane,

b, = effect of k-th loocality in 1l-th zane,

d = effect of m-th treatment,

f « effect of n-th level of nitrogen fertilization,

€540 ©4jK1? eijklmn - effects of interactions with experimental se=~
ries.

The remaining components of the model represent +the respective
effects of interactions. In the above model, randomness, was assumed
for the effect of experimental series (gi), effects of interaction
with series (eij' ey eijklmn) and effect of locality in zoene (bk);
the remaining components were assumed to be constant effects,

Cansistently with the mathematical model, appropriate analyses.
of variance were performed, using the scheme of combinatien of cross
classification with hierarchy classification (lacalities in zones).
The obtained empirical values of mean squares were compared with the
expected values. Solving of the resulting system of squations enab-
led evaluation of variance componentsg the interrelations of the eva=-
luations of components and their percentile structure were the basis
for determination of the sequence of the effect of the investigated
factors on virus infection,

RESULTS

On account of extensive evidence, the paper in the first place
presents discussion of the mean effects of the investigated <factors
and scme of their interactiens, In addition, for illustration of the
level of PLRV and PVY infection after application of seed treatments
and nitrogen fertilization of the potato varieties in different ine
fection pressure zones, the highest interaction order is presented.

Potato plant infection with PLRV exceeded that with PVY (Table 1).
The ratio of PLRV to PVY infection amounted in the 1st and 2nd ex-
perimental series to 20,8 : 1.0 and 4.6 : 1,0, respectively, It
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seems that narrowing of this proportion in the 2nd series, as come-
pared with the 1st one, was due to lower PLRV hazard in 1983 than in
the earlier years,

Table 1

Seed potata infection with viruses in experimental series
after differentiated nitrogen fertilization

Percentage of infection in experimental series

Niuﬁgiﬁa‘i“e PLRV PVY
1st 2nd mean 1st &d mean
50 16.0% 2.6 7.7%  0.8% 1,22 1.0%
100 22,0° 4,33 10,17 1,02 1,420 4,23
150 24.9®  6.3°  13,2° 1,22 1,9®  1.5P
Mean 20.8 4.6 10,1 1.0 145 1.2

Numbers denoted by the same letter (for the same virus and
series) do not differ significantly at confidence level X = 0.05.

1, 2 = Experimental series.

Nitrogen fertilization caused, on the average, a 1.7-fold increa-
se in plant infection with PLRV (this increase fluctuating from 2 |
1.6=fold to a 2.4=-fold one, in dependence on the series), as well as
a 1.5-fold increase in PVY infection irrespective of the series (Ta- |
ble 1). |

Tuber sprouts treatments exerted different effects on virus in- i
fection (Table 2), Treatment combination ,B", as compared with com=
bination ,A", resulted, aon the average, in a 2,6-fold decrease im
plant infection with PLRV, with fluctuations from a 1.8=fold (1st se~- r
ries) to a 3.5-fold decrease (2nd series), as well as in a 1,5-fold |
decrease in PVY infection, with fluctuations from a 1.6-fold (1st se= |
ries) to a 1.3-fold decrease (2nd series). Upon use of treatment com=- |
bination ,B' in the 2nd series, plant infection with viruses was 1o~ l
wer, owing ta - among others = application of Filitox instead of Bi~- |

-58 EC.
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Table 2

Virus infection in experimental series
after application of seed treatments

Percentage of infection in experimental series

Seed treatment PLRV PVY
18t Xd mean 1st 2nd mean
A 27.6%  8,.5% 16,02 1,32 1,72 1,52
B 15:1°  2.4° 6.2° 0.8° 1,32 1.,0°
A:B 1.8 305 206 106 103 105

A = Negative selection.
B « Seed potato germination, negative selection, aphid control

and early defoliation with Reglaone.

Explanations see Table 1.

After 2-year reproduction of elite material, the varieties dife
fered in the virus infection degree. The infection percentage was
highest for PLRV in varieties Ina and Janka, and for PVY in varie=
ties Certa and Janka (Table 3). There was goad agreement between in-
fection of varieties and evaluation of their resistance to PLRV and
PVY,

Table 3

PLRV and PVY infection of varieties after 2=-year reproduction

Infection of varieties with viruses

Virus

Ina Janka Ronda Pola Certa
PLRV 53,52 18,0°  11.,0%¢ 7.5° 0.7
PVY 0.9° 3,18 0.7° 0.2° 6422

Resistance of varieties (on a 9° ~ scale):
PLRV - Ina 3, Janka 4, BRonda 5, Pola 5 and Cexta 7,
PVY < Ina 7, Janka 5, Ronda 6, Pola 8 and Certa 5.

Explanations see Table 1.
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Seed potatoes reproduced in the infection pressure zone, as came-
pared with the I zone, were 32.1 and 6.5 times stronger infected
with PLRV and PVY, respectively (Table 4).

Table 4

Virus infection of seed potatoes in dependence en reproduction site

Infection pressure zone

Percentage of infection

1.62 0.42
7.6° 1.7°
51.4° 2.6°

Explanations see Table 1,

It is stressed that the effect of nitrogen fertilization on ine
fection with PLRV and PVY depended on the infection pressure 2zone,
resistance of variety and seed treatments (Tabs 5, 6 and 7).

Table 5

The effect of infection pressure zones and nitrogen dose

on virus infection of potatces

Nitrogen

Percentage of virus infeotion in infection pressure zones

dose PLRV PVY
/ha
k8 I IIT v I III v
50 1,48 5.2%  43.3° 0e4% 1.2 2.1%
100 1.42 8.0° 52,72 0.3 1.8 2,7%
150 2,02 10.6°  57.9° 0.5°  2.1° 3.0

Explanations see Table 1,
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Table 6

Infection of varieties with PLRV
after application of nitrogen fertilization

Percentage of PLRV infection of varieties

Nitrogen dose -~ after application of nitrogen fertilization
kg/ha .
Ina Janka Ronda Pola Cexrta
50 43,82 10.12 9.9 5,42 0.72
100 54,13P 23,0° 8,72 8.3 0.62
150 62.5° 24.0° 14,62 9.12 0.82

Explanations ase Table 1,
Resistance of varieties to PLRV is presented in Table 3.

The increase in infection upon a rise of nitrogen dose was grea-
test in zones of higher infection pressure and in susceptible varie=-
ties, as campared with the I zone and resistant varieties (Tables 5
and 6), After application of treatment combination ,B", a rise of ni=-
trogen dase did not lead to an increase in PLRV infection (Table 7).

Table 7
The effect of seed treatments and nitrogen doses

on virus infection of potatoes

Percentage of infectiaon

Nitrogen dose after application of seed treatments

kg/ha PLRV PVY
A B A B
50 11,52 5,2° 1,32 0.7°
100 14.5° 5.9° 1.33° 1.0°
150 205" 8,0°  1.8° 1,3°

Explanations see Table 1 and 2,
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Fig. 1. Potato infection with PLRV after 2-year reproduction of élite
of five varieties 1in infection pressure zones, upon use of seed
treatments and nitrogen fertilization. Data for years 1983=1984.
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On the other hand, in case of reproduction with negative selec=
tion only (combination a), PLRV infection was significantly strenger
for experimental plots fertilized with a dose of 150 kg N/ha, as come
pared with 50 kg N/ha., In case of PVY, these relationships were op-
posite,

In view of the strong effect of the investigated factors om po-
tato infection with PLRV and PVY, for illustration of the relation-
ships regression equations were used to determine the most probable
percentages of infection foxr varieties, treatment combinations, ine-
fection pressure zones and nitrogen doses (Figs 1 and 2), The in-
crease in PLRV and PVY infection in dependence an the infection pres-
sure zone and nitrogen dose was bigger in a susceptible variety and
upon use of negative selection only (treatment combination a), as
compared with a resistant variety and after application af combina-
tion b, In case of the Ina variety, only coaombination b afforded
slightly PLRV-infected seed potatoes in the 1 zone irrespective of
the nitrogen dose and in the Il zone at low nitrogen fertilization
(Fig. 1); in the remaining zones, irrespective of the nitrogen dose
and treatment combination, PLRV infection of this variety was very
strong. Infection of the varieties resistant to PVY (Pola, Ina and
Ronda) and resistant te PLRV (Certa) in the infection pressure zones
was slight, Therefore, in case of reproduction of resistant varie=-
ties in the infection pressure zones, the kind of treatment combina-
tion and nitrogen dose were of no consequence,

For the determination of the importance of the investgated fac=-
tors for an increase in potato infection with PLRV and PVY, the me-
thod of variance components was used (Table 8). There were differen=-
ces between PLRV and PVY in the importance of factors. In case of
PLRV, potato infection was most influenced by infection pressure zo-
nes and varieties, and somewhat less = by localities in zones, inter-
action of varieties with zones and treatment combinations; nitrogen
fertilization and interactions of nitrogen doses with the investiga-
ted factors influenced PLRV infection in only 1.1%. On the ather
hand, with respect to PVY, potato infection was most influenced by
resistance of variety, and less - by infection pressure zanes and lo-
calities in zones; treatment combinations influenced only 1.7% of in-
fections, and nitrogen fertiligation - 0.8% of infections. In case
of PVY, the effect of interactions of nitrogen fertilization with
the investigated factors was less pronounced than that of treatment

combinations.
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Table 8

The effect of factors on virus infection of seed potatoes,
determined by the method of variance components

Level Percentile ‘
Source of variation of factors of tﬁ#al vari;%;on
Varieties 5 23.8 36.6
Infection pressure zones 3 277 14.2
Localities in zones 2 8.4 112
Interaction of variety x gzone Te3 0.0
Interactions of variety x
x locality in zones 0.0 0.4
Seed treatments 2 349 167
Nitrogen doses 3 0.5 0.8
Sum of interactians
with fertilization 0.6 1¢5
Remaining interactions 37 2.2
Experimental series 2 10.1 1.1
Interactions with series 14.0 3063
DISCUSSION

The presented preliminary results of a model experiment are a
fragment of studies on the effect of nitrogen fertilization on seed
value of seed potatoes under conditions prevailing in Poland. They
confirm the validity of regionalization of seed potato production in
infection pressure zones in dependence of resistance of the variety
to PLRV and PVY [3, 4]; they also confirm some findings concerning
the effect of nitrogen fertilization on health of seed potatoes [2,
6, 7]e Moreover, it is shown that nitrogen fertilization using highe
er doses does not deteriorate health of seed potatoes in case of cul=-
tivation of resistant varieties. The present results indicate that -
= from the standpoint of production of healthy seed potatoes - the
effect of nitrogen fertilization is less strong than that of infec-
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tion pressure zones, varieties, localities in zones, interactions of

varieties with zones and localities, as well as of treatment 'combi-

nations. When consideration is given to these factors in the seed

potato production practice, it is possible to maximize seed potata

production by more abundant nitrogen fertilization., Attention to the

dominant effect of infection pressure zones and variety resistance

on health of seed potatoes has been called to by Gabriel et al. [3-5],
Styszko and Tretowski [9] and Styszko [1Q].

As a novelty in the literature, in the present studies the rane-
dom and systematic effects of infection pressure zones are distingui-
shed., In the investigations of Gabriel et al. [5], classification ac-
cording to regions has been the systematic component of infection
pressure zones; the random component, i.e, localities in zones, was
not set apart. Namely, the random component of these zones 1is rela=-
ted to differentiated soil conditions, weather, fluctuations of the
occurrence of virus vector over years and precision of performance
of seed treatments at the different Stations. In the present studies
the randem component of infection pressure gones was distinguished
by location of two experimental sites in each zone.,

CONCLUSIONS

1. Increased nitrogen fertilization leads on average to stronger
infection of potatoes with PLRV and PVY, After application of high-
er nitrogen doses, infection with these viruses substantially increa-
se8 in case of streng infection pressure, marked susceptibility of
the variety, and lack of protection against spreading on virus infece
tion. In varieties resistant to PLRV and PVY, and in the presence of
effective protection against spreading of virus diseases, in all in-
fection pressure zones nitrogen fertilization does not increase seed
potata infection.

2. As concerns the intensity of the effect of +the investigated
factors on virus infection of potatoes, it is different for PLRV and
PVY, With respect to PLRV, the factors listed in order of a decrea-
sing effect assume the following sequence: infection pressure zones,
varieties, laovcalities in zones, interactions of varieties with 20~
nes, treatment combinations and nitrogen fertilization. In case of
PVY, this sequence is as follows: varieties, infection pressure zo=
nes, localities in sones, treatment combinations, nitrogen fertiliza-
tion and interactions of varieties with zones or localities.
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L, Styszko

WPLYW NAWOZENIA AZOTEM NA PORAZENIE WIRUSAMI 5 ODMIAN ZIEMNIAKA
REPRODUKOWANYCH W STREFACH O ROZNEJ PRESJI INFEKCYJNEJ

Streszczenliae

Celem pracy byZo poznanie wpiywu nawozZenia agzotem oraz jego
wsplétdziatania ze strefami presji infekcyjnej, odmianami i zabiegami
na porazenie sadzeniakéw PLRV i PVY, Dodatkowym celem byxo akredle~
nie waznosci badanych czynnikéw oraz ich substytucji. Ostatni cel re=-
aligowany byz przy uzyciu metad statystycznych. W badaniach uwzglede
niono strefy presji infekcyjnej (3), miejscowodci w strefach (2),
odmiany (5), zestawy zabiegéw nasiennych (2) oraz trzy dawki azotu
(50, 100 1 150 kg N/ha), Materia* nasienny w elicie rozmnazano przez
2 lata metadg narozenia z zastosowaniem zabiegéw: - tylko selekcja
negatywna, - podkietkowywanie sadzeniakéw, 8elekcja negatywna,
zwalczanie msezyc oraz wczesne niszczenie naci breparatem Reglone. Fo=-
razenie reslin wirusami okresdlano w trzecim roku w daswiadczeniu po-
_réwnawczym w Boninie, gdzie stosowano jednakowe nawoienie oraz nie
wykonywano zadnych zabiegéw. Przeprowadzono dwie serie 'doswiadczern,
Uzyskane wyniki wykazaty, ze zwigkszone nawozenie azotem przecigtaie
pawoduje wzrost porazenia ziemniakéw PLRV i PVY, Po zastasowaniu wyi=
szych dawek azotu jest on znaczny w przypadku duzej presji infekocyj-
nej, duzej podatnosei odmiany oraz przy braku ochrony przed szerze-
niem sie¢ infekcji wirusowej, U odmian odpornych na PLRV i PVY oraz
przy skutecznej ochronie przed szerzeniem 8i¢ choréd wirusowych we
wszystkich strefach presji infekcyjnej nawozenie azotem nie zwig¢ksza
porazenia sadzeniakéw. Uszeregowanie wpiywu badanych czynnikéw jest
rézne dla PIRV i PVY. W odniesieniu do PLRV gznaczenie czynnikéw w
kolejnosci malejace] jest nastepujgce: strefy presji infekcyjnej, od=
miany, miejscowaéci w strefach, wspétrdziaranie odmian ge strefami,
gastosowane zabiegi oraz nawozenie asotem, Natomiast przy EVY analo~
giczny wpXyw w kolejnosci malejgcej jest nastgpujgcy: odmiany, stre-
fy presji infekecyjnej, miejscowoéci w strefach, zastosawane zabiegi,
nawozenie agotem i wspétdziatanie odmian ze strefami lub miejscowos-
ciami.
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J. CTHIKO

BIVSIHUE AS0THOI'O YIOEPEHVA HA IOPAXERVE BUPYCAMM 5 COPTOB KAPTOQENA
PASMHOEAEMOI'O B 30HAX C PASHWM MHOEKIMOHHHM IABJIEHVEM

PesoMe

[Heapo paGoTH OHJIO HM3YYHUTH BIMAHNE YHOOPEHNMA a30TOM M er0 B3amMO-
IeflcTBHe ¢ 30BHaMH HMHPEKIMOHHOI'O NABJIGHAA, COPTAMH H MEPONPUATHAME
IPOTHB IOPaxeHMA MOCANOYHOI'O MaTepmasa PLRV B PVY, JlomosHHTeJNBHAA
I[eJib - ONpeleJHTh BECKOCTEH HCCJenyeMHX (PakTOpDOB H HMX 3ameHy. I[Ipm pe-
aJsalye nocJemHe#t e HCNOJNB3OBAHH OHJIM CTATHCTHYECKME MeTOmH, B
ECCJIeIOBARMAX JYATHBAIMCH SOHH HHPEKIMMOHHOro naBieHHEA (3), MECTHOC-
TE B SoHax (2), copra (5), KOMIJIeKC CEMOHHHX MeponpuAaTu#t (2) m Tpm
nosH asora (50, 100, 150 xr N/ra). CemeHHO# MaTepmas B SJHMTe PASMHO-
RAJE 2 roja MOTONOM HAKJANKM, NPAMOHAA MEPONDUATHA: wA" = TOABKO He-
raTuBHHE 0TGOD, wB" - NDpopammpBaHEe MOCANOYHOr'O MaTephaya, HeraTHB-
Hult oT60p, OophGa ¢ THAEH a Takxe paHHee YHHYTOXEGHHe GOTBH Ipemapa—
TOM Reglone. [lopaxeREe pacTeHuit BUpycamu ompenejieHO OHJIO Ha TpeTui
'Ol B CPaBHHTEJHEHOM MeTOoIe HMCCJeNoBaHUs B DOHUMHe, TIIe IpUMEeHANOCH
OIMHAKOBO® yIOOpeHHe W He HNPUMMEHAJMCh HMKAKVUe MeponpuATHa. [Iposenme-
HH OHJIN JIBé COPHH ONMHTOB,. IIONyYeHHHe pe3yJIbTATH MOKA3HBAKLT, YTO NO-
BHIIGHHO® BHECEHHe a30Ta CpefHe INOBHmAaeT NMopaxeHue Kaprodpead PLRV,
PVY, JCcHIeHHe NOPaxeHHS STHAME BHPYCAMH IIOCJI® NIPMMEHEHHUS NOBHIIEHHHX
JO3 asoTa - 3HAUATENHHO B CJyYae CHIBHOI'O MHPEKIMOHHOI'O IaBJIOHHEA,
BHCOKO# BOCIDAMYMBOCTHE COPTA & TaKXe OTCYTCTBHA 3alMTH OT pAaclEpe-—
HuA BUpPycHO# mBdexmum. B coprax ycrofiumehHx K PLRV m PVY a Takxe IpH=-
MEHffl yCnemHy®n GopbOy C pacHMpeHEeM BEPYCHHX 3adoJyepaHult BO BCeX 30—
HaX EHPEKIMOHHOI'O JABJIeHNA, YOOOPeHHe a30TOM He MOBHIAET NOPAXeHHA
0CaNmoOvYHOro MaTepraia., OnpenesEHHHE NMOPANOK BIMAHUA HCCJIEIYOMHX (fa-
KTOPOB ABJNAGTCA Pa3HHM JIA PLRV m PVY, UTO KacaeTca PLRV 3HaA4YEHHe
ParTopor B moHmmammeftca moCNeNOBATENLHOCTH CJEIyMmee: SOHH MHPex-
IMOHHOI'O NABJNEeHHA, COpTa, MECTHOCTH B 30HaX, B3amMonei#cTBHe COpPTOB
C 30HaMM, NPUMEHAOMHO MEDONDHATHA M ymoOpeHme asoToM. B cBoo ode-
peme, 4TO KacaeTcA PVY Takoe Xe BRIMAHNE B NOHuxammelica mocJenoBa-
TEJILHOCTH CJefynmee: COpTa, 30HH MHPEKIMOHHOI'O NAaBJIEGHHA, MECTHOCTH
B S0Hax, NPUMEHAGMHEe MEDONDHATHA, YHOODEeHHe asoTOM K B3amMomeficTee
COPTOB C 3OHAME WJE MECTHOCTAMH,





