The Crop Science Society of Japan

Japan. Jour. Crop Sci. 50(3) : 365-372 (1981)

Comparison of Root Systems among Hybrid Populations
derived from Different Crosses in Potato
(Solanum tuberosum)

Kazuto Iwama, Kimio Nakaseko, Akihiro Isopa,
Kanji Goron and Yukio NisHIBE*

(Faculty of Agriculture, Hokkaido University, Sapporo 060 * Hokkaido

National Agricultural Exp. Station Eniwa 061-13)
Received December 22, 1980

Cultivated potato (Solanum tuberosum) is
heterozygous and autotetraploid. It is well
known that for these reasons the genetic
performances of their quantitative characters
are very complicated. The classic studies
of these aspects by M6LLER® and TacucHI!®
indicated that the time of maturity and
starch value of the segregating hybrid popula-
tions depended on the values of those parent
clones used in the crosses. Though some
workers (MuLLIN et al.® and Rowe!®)
tried to discover the genetical basis of tuber
yield, this has not yet been clarified.

In a previous report”, we analyzed the
relations between quantitative characters in
a pooled hybrid population derived from
crosses. This indicated that the clones with
larger root dry weight tended to have a
longer growing period and higher dry tuber
yield. The purpose of this report is to
clarify whether root dry weight and its
relations with the other characters are dif-
ferent among hybrid populations derived
from different crosses.

Table 1.

Materials and Methods

268 unselected clones used in this experi-
ment were derived from six crosses with
two cultivars as female parent and three
selected breeding materials as male parent.
The parents and the number of clones ex-
amined in each hybrid populations are
listed in Table 1.

Danshakuimo (D) is the Japanese name
of Irish Cobbler, and Toyoshiro (T) is a
new variety coming from a population deriv-
ed by several times backcrossing S. tuberosum
to a wild race. Three WB materials (A,
B, C) were selected from populations after
two- to four-times backcrossing S. tuberosum
to F, hybrid between S. chacoense and S.
phureja.

On May 10 in 1979, 6 plants per in-
dividual clone were planted in a row with
a space of 39 cm within the row and 75
cm between the rows.  Only parental clones
were replicated three times. A combina-
tion of fertilizer at the rate of 420 kg/ha of
12-18-12 (N, P,O;, K;O) was banded just

Parents and number of hybrid clones examined
in each hybrid population.

Poplation

— Number of clones

Male parent

Female parent

Danshakuimo (D) x WB 66109-34 (A) 44
Danshakuimo (D) x WB 61037-94 (B) 44
Danshakuimo (D) x WB 66201-10 (C) 55
Toyoshiro (T) x WB66109-34 (A) 49
Toyoshiro (T) x WB61037-94 (B) 32
Toyoshiro (T) x WB66201-10 (C) 44
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before planting. Measurements were made
in late July, at the stage when top dry
weight approximately attained its maximum
value (the top max. stage). One plant per
individual clone was dug up to a 30 cm
depth, and leaf, root and tuber dry weight
(DW) were recorded after ovendrying at
80°C for 48 hrs. The method of root
collecting was the same as that described
in the previous paper”. At the harvesting
stage, yield (dry tuber yield) was recorded
from 3 plants per clone. All data obtained
were analyzed by using a SPSS at Hokkaido
University Computing Center.

Results

1. Characteristics of the parents

Of the male parents, A and B were the
early maturity clones and C was the late
one as shown in Table 2. Root DW and
yield were largest in C, followed by B and
smallest in A. On the other hand, tuber
DW at the top max. stage was smallest in
C, and leaf DW did not show significant
differences between male parents. The
female parents, D and T, were early maturity
varieties. D tended to have a larger root
DW and leaf DW than T, although vyield
did not show a significant difference between
the female parents.

Therefore, the comparisons of the
characters among the populations with dif-
ferent male parents will imply the influence
of different maturity parents on the hybrid

parisons of the characters among the popula-
tions with different female parents will show
the influences of the same maturity parents
with different root DW and leaf DW on
the hybrid populations.

2. Comparisons of the characters among the
populations with different male parents

It is shown in Fig. 1 that the range of
variation within the population in each
characters was larger than the difference
between the parents used in the cross.
Especially, the populations with C male
parent showed the wider range of variations
in root DW, growing period and yield than
those with A and B male parents.

Table 3 presents the mean value in the
pooled population with the same male
parent in each character. The CM popula-
tion (DxC and TxC) had significantly
larger root DW than the AM population
(DxA and TxA) and the BM population
(DxB and TxB). On the other hand, leaf
DW did not differ significantly among these
populations. As a result, the ratio of root
DW to leaf DW was significantly higher in
the CM population. In this population,
although tuber DW at the top max. stage
was smaller, the growing period was longer
and the yield was higher than for those of
other populations.

It is indicated by these results that the
population from the cross with a late matur-
ity parent has a wider range of variation
and larger values in root DW, growing

populations. On the other hand, the com-  period and yield than those with early
Table 2. The characteristics of the parents.
Female parent?® Male parent? LSD
Variable
D T A B C (p=0.05)
W:I:}ile top max. stage®
Root DW (g/pl.) 2.41 1.65 0.99 1.64 2.14 0.63
Leaf DW (g/pl.) 25.92 17.45 19.63 27.67 21.12 NS
Tuber DW (g/pl.) 98. 62 90. 34 99.64  101.86 41.53 38.04
The harvesting stage
Growing period® 81.0 81.3 83.7 84.7 137.3 5.8
Dry tuber yield (g/pl.) 230.2 196.5 166.2 246.6 342.4 68.7

Note. 1)

Symbols are the same as those shown in Table 1.

2) The stage when top dry weight approximately attatined its maximum value.
3) Days from sprouting to leaf yellowing.
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Fig. 1. Frequency distributions of hybrid clones of each cross for some
characters measured.
Note. Symbols are the same as those shown in Table 1.

Table 3. Comparisons of the characters among the hybrid populations
with different male parents.

Population?
Variable AM BM CM
Mean SD Mean SD Mean SD AM:BM AM:CM BM:CM

Significance?

The top max. stage

Root DW (g/pl.) 1.65 0.80 1.76 0.73 2.05 0.98 NS *ox *

Leaf DW (g/pl.) 20.85 8.21 21.60 7.73 21.33 7.69 NS NS NS

Root/Leaf (x100) 8.1 3.0 8.3 2.8 10.3 6.8 NS *k *

Tuber DW (g/pl.) 106.74 38.76 97.85 37.59 85.80 32.64 NS wohx *
The harvesting stage

Growing period (days) 90.3 12.5 89.2 9.7 111.3 17.1 NS ook ook

Dry tuber yield (g/pl.) 216.3 49.5 218.5 39.1 249.1 59.9 NS Hoxx Horox

Note. 1) AM: DxA and TxA, BM: DxB and TxB, CM: DxC and TxC. Symbols are the
same as those shown in Table 1.
2) *, ** and *** show significant differences at 5, 1 and 0.1% level, respectively.

maturity parents. almost the same range of variation in each
3. Comparisons of the characters among the  character (Fig. 1). Table 4 presented the
populations with different female parents mean value in the pooled population with

The populations with D female parent the same female parent in each character.
and those with T female parent showed The DF population (DxA, DxB and
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DxC) had a significantly larger root DW
and leaf DW than TF population (T xA,
TxB and TxC). Significant differences
between the two populations in growing
period and yield were not found. Hence,
the ratios of yield to root DW and to leaf
DW were significantly higher in the TF
population. The TF population had larger
tuber DW at the top max. stage, although
this might be due to the difference in the
sampling dates at the top max. stage, namely
the TF population was sampled five days
later than the DF population.

These results indicate that the hybrid
population from T parent with smaller root
DW and leaf DW had also smaller root DW
and leaf DW than those from D parent with
larger root DW and leaf DW. Growing
period and yield did not show any dif-
ferences among two populations with dif-
ferent female parents, there being no
differences in these characters.

4.  Relationships between the characters in the
population

Root DW showed significantly positive
correlations with leaf DW, growing period

Table 4. Comparisons of the characters among hybrid populations

with different female parents.

Population?

Variable DF TF Significance
Mean SD Mean SD
The top max. stage
Root DW (g/pl.) 1.99 0.81 1.64 0.89 Howk
Leaf DW (g/pl.) 23.21 7.99 18.98 7.09 Howk
Tuber DW (g/pl.) 87.14 31.52 107.18 40.35 ok
The harvesting stage
Growing period (days) 97.9 17.3 97.5 17.2 NS
Dry tuber vield (g/pl.) 227.3 46.8 231.1 59.8 NS
Dry tuber yield/Root DW 131.5 63.5 184.2 144.5 kK
Dry tuber yield/Leaf DW 11.2 5.3 14.2 9.4 Hork

Note. 1) DF: DxA, DxB and DxC; TF: TxA, TxB and TxC. Symbols are the same as

those shown in Table 1.

Table 5. Simple correlation coeflicients between some characters in each population.

Population?

Variables — e
DxA DxB DxC TxA TxB TxC
Root DW
vs Leaf DW 0. 73%x* 0. 67%** 0. 72%** Q. 77%** 0. 70%** 0. 53**x
vs Growing period 0.31%* 0.36* 0. 45%x* 0. 47%% 0. 44* 0. 73tk
vs Dry tuber yield 0. 42%* 0. 52wkek 0. 48k* 0. 43%* 0.37* 0. poHkek
Leaf DW
vs Tuber DW 0. 61%** 0. 52%** 0. 56%** 0. 59*xxx 0. 72%** 0.26
vs Dry tuber vyield 0.27 0.28 0. 30* 0. H1w** 0. 47** 0. 58**:*
Tuber DW
vs Dry tuber yield —0.04 —0.01 0.07 0.23 0.23 —0.01
Growing period
vs Dry tuber yield 0. S1Hkek 0. 58*** 0. 37H** 0. 75%** 0.39* 0. 52%:*:*

Note. 1) Symbols are the same as those shown in Table 1.
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Fig. 2. Relationship between root dry weight and dry tuber yield in each population.
Note. DxA: y=21.5x+171.6, DxB: y=24.6x+168.4, DxC: y=29. 4x+181.8,
TxA: y=30.8x+170.9, TxB: y=26.7x+181.3, TxC: y=33.5x+189.9.

M : Male parent,

and vyield in all populations, as shown in
Table 5. Especially in the populations with
C male parent, coefficients between root
DW and growing period were higher than
in the populations with A and B male
parents. Leaf DW correlated positively with
tuber DW at the top max. stage and yield.
Coefficients between leaf DW and vyield
were higher in the populations with T
female parent than in those with D female
parent. Yield correlated significantly with
the growing period in all populations, but
not with tuber DW at the top max. stage.

Fig. 2 demonstrates the relationship be-
tween root DW at the top max. stage and
yield in each population. The populations
with C male parent showed larger root DW
and higher vyield, resulting from positive
correlations of the growing period with two
characters. The coefficients of the regres-
sion were higher in the populations with the
T female parent.

These results indicate that, in each popula-

4 : Female parent,

O : Hybrid clone.

tion, clones with larger root DW tend to
have larger leaf DW, longer growing period
and higher yield. More superior clones of
root DW and yield were found in the
populations with C male parent than in
those with A and B male parents. In ad-
dition, the clones with the high ratio of
yield to root DW were found in the popula-
tions with the T female parent more fre-
quently than in those with the D female
parent.

Discussion

The potato plant is genetically hetero-
zygous in most of its characters. It is well
noted that hybrid clones derived from crosses
segregate widely in many characters, and
that the superiority of the parents will not
necessarily be inherited by the hybrid clones.
In this experiment a very wide range of
phenotypic variation in each population was
also observed in the characters measured.

We report, however, that some parental
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characteristics were transmitted relatively
well to the hybrid clones. MgLLER® and
Howarbp? pointed out that the crosses with
an early maturity clone as one parent
presented the higher percentage of early
hybrid clones than the crosses with a late
maturity clone as one parent. TaAcucHI'®
reported that characteristics of the parents
in the time of maturity, starch value and
stem length were expressed clearly in the
hybrid clones, suggesting that these
characters might be controlled by rather
few genes. In our experiment, the growing
period was significantly longer in the popula-
tions derived from the crosses with the late
maturity parent. A simple correlation co-
efficient between the mean growing period
of the population and that of the parents
used in the cross was very high, r=0.99%%*%*
This result verifies earlier findings? 812,

The most interesting finding in this ex-
periment is that the characteristics of the
parents in root DW were inherited by the
hybrid clones. For instance, the character-
istics of the hybrid populations in root DW
and growing period coincided with and were
linked in the same way as the parental
pattern of these characteristics, 1i.e., the
hybrid populations with the late maturity
parent having larger root DW also showed
a larger root DW and longer growing
period. This result postulate that genes
controlling the time of maturity have a
pleiotropical influence on root DW.

In addition, tuber DW at the top max.
stage was also different among the popula-
tions with different maturity parents. The
populations with the late maturity parent
showed a smaller value than those with the
early maturity parents. In another experi-
ment® we found that there were distinct
differences among varieties in root and
tuber growth rates during the period from
the 4th leaf stage to the initial flowering
stage. The growth rates in late varieties
were higher in root DW, but lower in tuber
DW, compared with early varieties. Our
previous paper” also indicated that there
was a highly negative correlation between
root DW and tuber DW at the top max.

stage among different maturity groups in

the hybrid population. It is therefore pre-
sumed that the pleiotropy of the genes con-
cerning the time of maturity is related to
tuber growth during the relatively early
stage of plant growth. The direction of
the influence on tuber growth will be con-
trary to that on root growth. However,
since larger root DW to maintain leaf and
tuber bulking for a longer period is more
important for higher yield than early tuber
DW increase®?, clones with higher tuber
yield should be obtained more effectively
in the populations derived from the crosses
with the late maturity parent than those
with the early ones.

On the other hand, it was also found that
two varieties of the same maturity produced
the hybrid populations with different root
DW. The populations with Toyoshiro as
one parent had smaller root DW and leaf
DW than those with Danshakuimo as one
parent. Growing period and yield did not
show any differences between two popula-
tions.  Therefore, the populations with
Toyoshiro as one parent had the higher
ratios of yield to root DW and to leaf DW.
The ratio of yield to root DW in the parents
were 95.5 in Danshakuimo, 119.1 in Toyo-
shiro and 150.4 to 167.9 in male parents.
The parents selected from the populations
backcrossing S. tuberosum to wild races show-
ed a higher ratio than Danshakuimo. In
another experiment®, Norin No. 1 derived
from a hybridization with S. tuberosum had
larger root DW than Hokkai No. 61 derived
from the populations backcrossing S. fuber-
osum to wild races, although these varieties
showed the same maturity and tuber yield.
Thus, smaller root DW and the higher
ratio of yield to root DW in the populations
derived from the crosses with Toyoshiro
may be due to the characteristics introduced
from a wild race, being independent of the
time of maturity.

Although there has been little information
on the genetic aspects of the root system
in the potato plants, in other crops many
authors (HurDp and SPRATT®, BLUM e/ al.D,
StorFrFeELLA et al.'®, and TroucHTON and
WHITTINGTON!®)  suggested the possibility
of the genetic manipulation of the root
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system to get higher yield. We also con-
clude that characteristics of the parents in
the root system will be inherited by the
hybrid populations. Larger root DW re-
sulting in higher yield will be obtained in
the populations derived from the crosses
with late maturity clones as one parent
than in those with early maturity parents.
A higher ratio of yield to root DW might
be introduced, using the parents derived
from the backcross populations of S. tuber-
osum to wild races.

Summary

Root dry weight (DW) and its relations
with other characters were investigated
among six hybrid populations derived from
the crosses with two main early cultivars as
female parent and three breeding materials,
two early and one very late, as male parent
(Table 1 & Table 2). Results obtained
are summarized as follows:

The populations from the crosses with
the late maturity male parent with larger
root DW had a wider range of variation
and significantly larger values in root DW,
growing period and yield than those with
the early maturity male parents, although
tuber DW at the early stage was smaller
in the populations with the late maturity
parent (Fig. 1 & Table 3).

The populations from the crosses with
Toyoshiro as female parent with smaller
root DW and leaf DW also had a smaller
root DW and leaf DW than those from
Danshakuimo as female parent. The grow-
ing period and vyield did not show any
differences among these populations, so that
the ratios of yield to root DW and leaf DW
were significantly higher in the populations
from the crosses with Toyoshiro as female
parents (Table 4).

In each populations, root DW showed
significantly positive correlations with leaf
DW, growing period and yield (Table 5
& Fig. 2). Larger root DW resulting in
higher yield should therefore be obtained
more effectively from the populations derived
from the crosses with the late maturity parent
than from those with the early ones. A
higher ratio of yield to root DW might also

be effected, using Toyoshiro derived from
the backcross population of §. tuberosum to
a wild race.
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* In _]apanesé with English Summary.
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