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Resistance to Phytophthora infestans in diploid and
_tetraploid potato families. 3. Correlations between
characters
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Abstract. In four diploid and four tetraploid families correlations were evaluated
between resistance to Phytophthora infestans of leaflets, tuber slices and whole
tubers as well as correlations between three aspects of resistance and maturity or
tuber shape regularity. A virulent P. infestans isolate was used for inoculations.
Only in the family D4 a significant positive corrclation was found between all
the three aspects of resistance. Genotypes with susceptible leaflets and resistant
tuber slices were not identified in any family. In some families genotypes with
resistant whole tubers and susceptible tuber slices were found; the family DS was
found to have genotypes in which resistance of lcaflets was associated with suscep-
tibility of tuber slices. The resistance to P. infestans of leaflets or tuber slices tended
to be negatively correlated with both early maturity and regularity of tuber shape.
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Introduction

Breeders attempting to develop potato cultivars resistant to Phytophthora
infestans are interested to know, what is the rclation between the resistance in
different organs of the plant and what is the rclation between resistance to
P. infestans and other important characteristics of potato cultivars. Reports in
this area are not consistent. There is only a weak, positive corrclation between
resistance to P. infestans in foliage and tubers in potato cultivars (SWIEZYNSKI
1990), but a fairly strong positive corrclation between the two characters was
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found in potato familics obtained from crossing a resistant parent with a sus-
ceptible partner (STEWART et al. 1994). The extent of this corrclation was
found to depend on the mcthod of resistance cvaluation (DEAHL et al. 1974,
PIOTROWSKI 1975).

In potato cultivars early maturity is negatively correlated with both, foliage
and tuber resistances, the second relation being less pronounced (SWIEZYNSKI
1990). Nevertheless, in segregating potato familics no genotypes were identi-
ficd in which a high level of tubcer resistance would be associated with early
maturity (SWIEZYNSKI et al. 1993). ‘

The main source of resistance to P. infestans are wild potato rclatives (ROSS
1986). It can be suspected that gences responsible for resistance may be linked
to genes determining undesirable characteristics of wild species. The few
published rcports arc not consistent in this respect. CALIGARI ct al. (1985)
obscrved no ncgative effects of sclection for resistance to P. infestans, but
DARSOW and OERTEL (1986) notcd that rcsistant scedlings were on the average
inferior in maturity and general tubcer appearance.

In some familics, obtained from parcnts utilized in breeding potatocs resis-
tant to P. infestans, the variation in lcaflet and tuber resistance was analyzed
(SWIEZYNSKI et al. 1997a, b). In the present paper, relations between resistance
in leaflcts, resistance in tubers, maturity and rcgularity of tuber shape are
evaluated in these families.

Material and methods

Evaluated potato genotypes

Gcenotypes of diploid (D) and tetraploid (T) familics were evaluated together
with their parents at the Mlochéw Rescarch Center. The familics were sown
in 1991 (cvaluated in 1991 and 1992) or in 1992 (cvaluated in 1992). Some
sclected genotypes were tested also in 1993 and finally evaluated in 1994.

In 1991, two diploid (D4 and D5) and three tctraploid families (TS5, T6
and T7) were sown. First ycar scedlings were grown in the ficld in 1991 and
their first tuber progeny was planted with presprouted tubers on 28 April, 1992:
from cach genotype (1) a 2-hill plot for the cvaluation of carly tuber yicld
and tubcr shape (planting with mcdium-size tubers, harvest on 5 August)
and (2) two 4-hill plots for the cvaluation of vegctative period, tuber resistance
and tubcr shape (harvest on 9 Scptember). On the basis of the rcaction to P. in-
festans in 1992, five groups of genotypes were sclected from cach family.
They had the following characteristics: 1) resistant lcaflets and tuber slices,
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2) resistant leaflets, susceptible tuber slices, 3) susceptible Icaflets, resistant
tubcr slices, 4) resistant whole tubers, susceptible tuber slices and 5) susceptible
lcaflets and tuber slices. All these groups, except the last one, were propagated
and cvaluated in 1993. Virus infection in 1992 reduced the number of genotypes
to 58%. If testing in 1993 confirmed the rcsults of 1992, the genotypes were
evaluated in 1994. In 1994 the sclected genotypes were planted with pres-
proutcd tubers on 28 April, each genotype on 15-hill plots in 2 rcplications;
they were harvested on 20 Scptember.

In 1992, two diploid (D7 and D8) and onc tctraploid familics (T9) wcre
sown. Each family consisted of a large number of genotypes to asscss, as far
as possible, the whole range of variation in the progeny. To rcduce lossecs
causcd by viruscs in diploid familics, young sccdlings were inoculated with
the viruscs PVY and PVM to climinate susceptible oncs. First ycar scedlings
were planted in the ficld on 21 May and harvested on 6 October. Four groups
of first year scedlings were sclected for evaluation in successive ycars. Their
respective characteristics are: 1) resistant Icaflets and tuber slices, 2) resistant
leaflets, susceptible tuber slices, 3) susceptible Icallcts, resistant tubcer slices
and 4) susceptible Icaflets and tubcr slices. The first tuber progeny was planted
and evaluated in 1993. If the results of resistance cvaluation in 1992 were
confirmed, all the groups, cxcept group 4, were cvaluated again in 1994,
In 1994 presprouted tubers were planted (15-hill plot in 2 replications) on
28 April and harvested on 20 Scptember. Losscs duc to virus infcction were
negligible.

The parcents of cach family were planted in triplicate and cvaluated with
the progeny genotypes. The total number of cvaluated genotypes in cach family
is shown on Table 1. The namcs of parcnts of these familics are given in
Table 2 (familics sown in 1991) and Table 3 (familics sown in 1992). The origin
of the evaluated genotypes is given by SWIEZYNSKI et al. (1997a). The yiclding
ability of tctraploid parcnts was on the level of cultivars; that of diploid parents
was on the level of Solanum tuberosum dihaploids. No carly maturing geno-
types were present among diploid parents and no first carly oncs were present
among tetraploid parcnts.

Evaluation of reaction to P. infestans in detached leaflets, tuber slices and whole
tubers

In familics sown in 1991 the evaluation in 1992 consisted of testing 10 Ica-
flets per genotype (2 tests X 5 lcaflets) in the summer and testing 20 tuber
slices and 20 whole tubers per genotype (2 tests x 2 reps. X 5 slices/whole
tubers) in the autumn.
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In families sown in 1992 the evaluation in 1992 consisted of testing 6 leaflets
per genotype (2 tests X 3 leaflets) in the summer and 4 tuber slices per genotype
(2 tests x 2 slices) in the late autumn.

In 1994, the evaluation of genotypes selected from families sown in 1991
and 1992 consisted of testing 18 leaflets per genotype (3 tests X 2 reps
X 3 leaflets) in the summer and 18 tuber slices and 18 whole tubers per genotype
(3 tests x 2 reps X 3 slices/whole tubers) in the autumn.

All inoculations were made with a virulent fungus isolate MP 245. Testing
results are expressed in 9 grade scale (9 = resistant). Dates of individual tests

and descriptions of resistance evaluation methods are given by SWIEZYNSKI
et al. (1997a, b).

Evaluation of the length of vegetative period

The number of days from planting to foliage death was determined at weekly
intervals on each ficld plot separately. For genotypes in which foliage was not
dead at harvest time, the number of days was extrapolated on the basis of evalu-
ation of foliage senescence before harvest.

Evaluation of early tuber yield and tuber shape regularity

The total tuber yicld was determined 14 wecks after planting. Tuber shape
rcgularity was evaluated both at early and at autumn harvests and expressed
in a 9-grade scale (9 = regular shape).

Statistical analysis

Correlations were evaluated using Spearman’s rank correlation coefficients.
The significance of differences between the groups of genotypes and their

parents were evaluated with a two sample t-test. Calculations were made with
the package MSTAT-C.

Results

Correlations between evaluated characters

Weak correlations were usually found between the evaluated characters.
Only in the family D4 significant positive correlations were found between
the resistance in leaflets, in tuber slices and in whole tubers (r, ranged from
0.34 to 0.70). In most families the length of vegetative period tended to be
positively correlated and early tuber yicld tended to be negatively correlated
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Table 1. Rank correlation coefficients (ry) between various characters, evaluated in 1992

Family
Character
D4 DS TS T6 T7 D7 D8 T9
Number of evaluated genotypes
52 52 62 43 28 335 247 659
1, between leaflet resistance and resistance in:
tuber slices 0.70** 0.09 0.04 0.18 0.27 0,324 0.46*4 -0.01
whole tubers 0.34* -0.12 -0.06 0.06 |-0.14 - - -
I, between resistance in tuber slices and resistance in:
whole tubers 0.38** 0.26 -0.29* [ -0.28 0.15 - - -
I; between the length of vegatative period and resistance in:
leaflets 0.18 0.04 0.04 0.07 0.28 0.07 0.02 -0.06
tuber slices 0.28* 0.23 0.07 0.20 0.00 -0.03 0.15* [ -0.09*
whole tubers | =0.00 0.13 0.17 0.16 0.43* - - -
I; between tuber yield at early harvest and resistance in:
leaflets -0.18 -0.10 -0.14 -0.01 | -0.02 - - -
tuber slices ~0.11 0.13 -0.17 0.04 | -0.24 - - -
whole tubers | -0.09 0.01 -0.02 -0.02 [ -0.50** - - -
I, between regularity of tuber shape and resistance in:
leaflets -0.01 -0.11 -0.21 -0.38* | -0.19 0.05 -0.08 0.05
tuber slices -0.06 -0.07 -0.16 -0.01 0.20 -0.12* | -0.12 0.08
whole tubers 0.09 0.14 0.14 0.32* [ -0.02 - - -

Significant deviation from null hypothesis at P = 0.05 (*) or P = 0.01 (**).

with the resistance in leaflets, in tuber slices and in whole tubers, but the re-
lation was seldom statistically significant. Regularity of tuber shape tended to
be weakly correlated negatively with resistance in leaflets or resistance in tuber
slices, but not with resistance in whole tubers (Table 1).

Effects of selecting potato genotypes differing in reaction to P. infestans

Groups of genotypes, differing in reaction to P. infestans in 1992, were
evaluated in 1992 (°92) and 1994 (’94). The numbcr of genotypes in each
group and their mean resistance are given in Table 2 (families sown in 1991)
and Table 3 (familiecs sown in 1992).

In all families genotypes with resistant leaflets and tuber slices were found.
For testing in 1994, 13 such genotypes in families sown in 1991 and 25 such



Table 2. Genotypes differing in reaction to P. infestans, sclected from potato families
sown in 1991

Sclection cnteria in 1992 Parents
Resistant. | Resistant | D5 Besistant | Suscep-
Fa- leaflets leaflots uble lea- whole | ublelca-
1 vy P ol s v B
slices tuber slices ; PH? .
tuber slices |tuber slices | slices
'92 | 94 | '92 | 94 | 92 | 94 | 92 | '94 '92 92 04 92 '04

Leaflet resistance?
D4 75 | 84 - - 4.3 - 43 | 6.8 4.0 3.4 4.9 6.4 8.2
DS 81|84 (82| 78 - - 6.5 | 80 3.7 8.1 83 29 6.2
TS 72 1 68 | 7.1 - 3.7 - 6.0 | 64 4.3 9.0 6.1 7.2 6.3
Té 74 |76 | 73| 69 | 3.3 - 6.6 | 5.9 4.4 9.0 6.4 9.0 6.2
T7 76 | 67| 72| 67| 48 - 6.1 - 3.4 9.0 6.4 7.2 6.3
Mean| 76 | 76 | 74 | 7.1 | 4.0 - 59 ] 6.8 4.0 7.7 6.4 6.5 6.6
Resistance in tuber slices®
D4 8.1 | 9.0 - - 6.6 - 4.1 | 4.2 4.2 4.4 2.1 7.4 7.6
DS 78 | 80 | 3.7 | 2.5 - - 3.8 | 26 3.9 5.4 8.1 3.4 2.6
TS 74| 76 | 3.4 - 8.0 - 33 | 5.7 3.2 2.4 3.6 79 8.6
Té6 8.1 | 86| 38| 48| 82 - 3.7 | 4.6 3.6 4.8 6.4 5.4 7.0
T7 74 | 82| 42| 58 | 9.0 - 3.9 - 34 4.8 6.4 7.9 8.6
Mecan| 7.8 | 83 | 3.8 | 44 | 8.0 - 3.8 | 43 3.7 4.4 5.3 6.4 6.9
Resistance in whole tubers?

D4 82 | 9.0 - - 7.8 - 7.5 |1 7.1 5 8.2 6.4 8.2 8.4
DS 79 | 80| 7.2 | 6.1 - - 73 | 6.8 6.8 7.3 6.7 5.3 4.6
TS 6.0 | 6.4 | 6.5 - 5.7 - 6.7 | 63 6.3 6.3 6.5 6.3 6.0
Té6 68 | 66| 69| 64| 6.2 - 7.1 | 7.1 6.9 5.9 5.7 6.8 6.3
T7 68 | 58 |65 | 64 8.4 - 6.8 - 6.8 5.9 5.7 6.3 6.0
Mcan| 7.1 | 72 |1 68 | 6.3 | 7.0 - 7.1 | 6.8 6.9 6.7 6.2 6.6 6.3

Number of genotypes Names of parents

D4 13 2 0 0 6 0 19 4 16 DW 84-1457 D2-429
DS 10 2 |22 7 0 0 |32 4 13 D3-338 DG 82-198
TS 19 4 14 0 3 0 |20 1 7 T3-436 PS 1300
Té6 8 2 |21 1 1 0 |26 1 5 T3-423 PS 137
T7 13 3 6 1 1 0 7 0 o T3-423 PS 1300
Total | 63 13 63 9 11 0 (104 10 43

"the genotypes not evaluated in 1994,

2 mean of all P. infestans resistance tests, performed in 1992 ('92) or 1994 ('94), expressed in a 9-grade scale
(9 = resistant).
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Table 3. Genotypes differing in reaction to P. infestans, sclected from families sown in

1992
Selection criteria in 1992 Parcnts
Suscep-
Resistant Resistant Susceptible tble
Family| joflets and leaflets, leaflcts, lcaflets Q
: susceptible | resistant tuber and
tuber slices _ : ;
tuber slices slices tuber
slices!
91 ‘94 '92 94 ‘92 94 '92 92 94 92 94
Leaflet resistance?
D7 90 | 82 | 77 - 30 | 73 19 | (9.0°| 84 | 30)| 49
D8 9.0 8.8 9.0 7.9 2.9 7.1 1.3 (7.0) 8.9 (3.0) 4.9
T9 9.0 6.6 9.0 6.7 2.8 - 2.0 9.0) 3.5 (9.0) 6.2
Total 9.0 7.9 8.6 7.3 29 7.2 1.7
Resistance in tuber slices?
D7 9.0 9.0 3.9 - 9.0 9.0 1.9 (6.0) 9.0 4.3) 2.1
D8 9.0 8.9 2.7 7.9 7.9 8.9 1.3 (6.0) 8.8 4.3) 21
T9 8.4 7.5 1.4 6.7 8.0 - 2.2 4.0) 6.9 3.7) 7.0
Mean | 8.8 8.5 2.7 7.3 83 8.9 1.8
Resistance in whole tubers?
D7 - 9.0 - 7.8 - 8.5 - - 7.9 - 6.3
D8 - 8.9 - 6.8 - 8.0 - - 8.0 - 6.3
T9 - 7.9 - 59 - - - - 5.8 - 6.3
Mean - 8.6 - 6.8 - 8.2 -
Number of genotypes Names of parents
D7 20 5 11 0 14 4 10 D2-411 DW 84-1457
D8 38 12 17 4 15 3 12 DG 88-201 DW 84-1457
T9 18 8 25 7 11 0 17 T3-243 PS 137
Total 76 25 53 11 40 7 39

_the genotypes not evaluated in 1994,

“ mean results of all P. infestans tests, performed in 1992 (*92) or 1994 ('94), in a 9-grade scale (9 = resistant).
“ in brackets — results for parents, grown from tubers, are not directly comparable with those for first year

scedlings, grown from true seeds.

genotypes in families sown in 1992 were available. This group of genotypes
in 1994 was found to be the best in Icaflet resistance (7.6 — the mcan for
families sown in 1991 and 7.9 — the mcan for those sown in 1992), resistance
of tuber slices (respective values: 8.3 and 8.5) and resistance of whole tubcers

(respective values: 7.2 and 8.6).
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Table 4. Comparison of potato genotypes resistant in leaflets and tuber slices with their

parents
No. of Vegetative period (days)| Regularity of tuber shape2
T aertes | ot | | i | s | T e
D4 2 147 132 15 4.4 5.5 —1.1%x
D5 2 148 146 2 4.8 5.0 0.2
T5 4 145 127 18%x 5.6 6.2 —0.6%*
Té 2 144 138 6 6.1 6.0 0.1
T7 3 145 129 16* 5.8 6.2 0.4
D7 5 145 138 7 4.8 4.9 0.1
D8 12 148 142 6 4.6 53 0.7%*
T9 8 143 146 3 6.0 6.0 0.0

' X of 1992-1994 for families sown in 1991 and X of 1993-1994 for those sown in 1992,
%X of 1992-1994 in 9-grade scale, 9 = regular shape.
3 significance at P=0.05 (*) or P=0.01 (**), evaluated with t-test.

Genotypes with resistant leaflets and susceptible tuber slices were found
in 1992 in all familics, except D4, but for testing in 1994 only 9 such genotypes
in familics sown in 1991 and 11 in those sown in 1992 were available.
The results obtained in 1994 depended on the family. This is illustrated by
data for the familics D5 and T9. When being tested in 1994 the genotypes
of the family D5 had lcaflets resistant (7.8) and tuber slices susceptible (2.5),
as susceptible as those in the susceptible parent (2.6). The situation was
different with genotypes of this group in the family T9. When tested in 1994
their lcaflets were resistant (6.7), but their tuber slices were also resistant (6.7),
being similar to those of both parents (6.9 and 7.0) and to those in the group
with resistant Ieaflets and tuber slices (7.5).

Genotypes with susceptible Icaflets and resistant tuber slices were found
in 1992 in all evaluated familics, except DS; for testing in 1994 such genotypes
were available only in families D7 and D8. The resistance of their lcaflets was
rclatively high in 1994 (7.3 in D7 and 7.1 in D8). The valucs did not differ
much from respective valucs in the genotypes with resistant leaflets and tuber
slices (8.2 in D7 and 8.8 in D8).

Genotypes with resistant whole tubers and susceptible tuber slices were
sclected exclusively in the familics sown in 1991. For testing in 1994, 10 such
genotypes were available in four families. In 1994 the resistance of whole
tubcers in this group was similar to that of genotypes with resistant leaflets
and tuber slices, but the resistance of their tuber slices was much lower.
The difference was the most pronounced in the family D5. In this family, out
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of four genotypes of this group, thrce also belong to the group of genotypes
with resistant leaflets and susceptible tuber slices (data not presented in tables).

Maturity and tuber shape regularity in potato genotypes with leaflets and tuber
slices resistant to P. infestans

In most families the resistant genotypes matured later and had a less regular
tuber shape, when the mean of such genotypes was compared with the mid-
parent value. The differences were statistically significant in some families
(Table 4).

Discussion

Poor repeatability of some evaluations of the relation between resistance to
P. infestans in potato leaflets and tubers

At the preliminary evaluation in 1992, genotypces with susceptible leaflets
and resistant tuber slices were found in most familics. However, repcated
testing did not confirm the presence of such genotypes in any family; e.g. in
1992 many genotypes with resistant Icaflcts and susceptible tuber slices were
found in the family T9, but this result was not repeated at testing in 1994,
The likely reason of such results is variation in the expresson of resistance to
P. infestans which was discussed previously (SWIEZYNSKI et al. 1997a, b).

Relation between resistance to P. infestans in potato leaflets, tuber slices and whole
tubers

A significant positive corrclation between these three aspects of resistance,
‘ound in the family D4 confirm the information of STEWART et al. (1994) that
potato genotypes may carry genes for resistance to P. infestans which are
cxpressed both in foliage and tubers. In the remaining familics the relation
between these characters was not so close. It indicates the presence of genes
differing in expression, depending on the resistance evaluation method.

The detection of genotypes with resistant wholc tubers and susceptible tuber
slices is consistent with the obscrvation of DURSKA (1975) that there exist
such potato cultivars.

No genotypes were found with susceptible leaflets and resistant tuber slices,
but in the family D5, genotypes with resistant lcaflets and susceptible tuber
slices were present. This is an indication, that there are genes for resistance
expressed only or stronger in lcaflcts, but possibly no gencs are present, which
would be expressed only or stronger in tuber slices. Published data support
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this conclusion: SCHICK and HOPFE (1962) and CHADAYEVA (1974) report
that genotypes with resistant tubers arc also resistant in foliage; PIOTROWSKI
(1975) noted that the tuber resistance was usually associated with foliage
resistance, the reverse not being necessarily truc; SWIEZYNSKI (1990) found
a deficit of potato cultivars with resistant lcaflets and susceptible tubers.

Relation between resistance to P. infestans and potato maturity

Late maturity is known to be negatively correlated with gencral resistance
in the potato (UMAERUS, UMAERUS 1994). The rclation between specific
resistance and maturity appears not to be so close (SWIEZYNSKI et al. 1991).
The obscrved weak relation between resistance and maturity could be due to
a large contribution of specific resistance in the evaluated genotypes. This is
probably true, as major genes for resistance were found to scgregate in
the evaluated families (§WIEZYNSKI ct al. 1997a, b). However, this conclusion
must be accepted with caution, as instability of resistance expression in many
genotypes (SWIEZYNSKI et al. 1997a, b) and unsuitability of the lcallet test for
cvaluation of resistance associated with late maturity (SIECZKA 1979) could
also contribute to the results obtained.

Relation between resistance to P. infestans and potato tuber shape regularity

Some indications were obtained that regularity of tuber shape may be
ncgatively correlated with resistance . The relation was weak and not detectable
in all the evaluated familics. Nevertheless, the results obtained support the
obscrvation of DARSOW and OERTEL (1986) that sccdlings resistant to P. in-
festans tend to be inferior in gencral tuber appearance.
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