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Abstract : In order to obtain basic information regarding improvement of potato root characters through
breeding using its wild relatives, morphology, respiration activity, dry weight (DW), length and surface area of
the roots of 12 potato cultivars and lines and 8 wild relatives (Table 1) were investigated during the flowering
stage under field conditions.

The roots of the wild potato species were thinner but their dry matter percentages were higher than those of
the cultivars and lines (Table 2). From observation of root monoliths (Fig. 1), it appeared that the number,
diameter and length of the lateral roots differed among the materials (species) used. The cultivars exhibited
relatively high root respiration rate compared to the wild species on the basis of either root DW or root length
(Table 2). Some wild species had a considerably larger root DW, root length and root surface area, and higher
ratio of root DW to leaf DW than the cultivars and lines (Table 2 and 3).

From the results it can be seen that some wild species have good potential to be used as parents in the breeding
for the improvement of root characters in potato.

Key words : Potato, Root DW, Root length, Root morphology, Root respiration rate, Root surface area, Solanum
tuberosum, Wild relatives.
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The cultivated species of potato (Solanum
tuberosum) originated from a small gene source
in South America, therefore, its genetic varia-
tion is relatively narrow®. However, increasing
the genetic diversity by crossing between wild
species and cultivated species is being fre-
quently performed especially in the improve-
ment of disease resistance. Although the wild
species may possess many superior mor-
phological and physiological characters relat-
ing to their leaves and roots, information
about these are rarely reported®5'?.

* This work was supported by a grant-in-aid from the
Ministry of Education, Science and Culture (No.
61560012). The outline of this paper was presented at
the 183rd meeting of the Crop Science Society of
Japan, April, 1987.

Based on observation of the annual and
seasonal differences in the growth of potato
cultivars®, it has been found that differences
in the root dry weight (DW) was closely
related with the tuber bulking rate and tuber
yield. The results also indicated that during
the autumn cropping the short day length and
the small amount of solar radiation tended to
restrict root growth of potato. Therefore, it is
in this situation that breeding to improve root
DW could be proposed.

The purpose of this study is to compare the
roots between the cultivated species and the
wild species of potato to get basic information
for the improvement of root characters by
breeding. The morphology, respiration activ-
ity, DW, length and surface area of the roots
of 12 potato cultivars and lines and 8 wild
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relatives were investigated during the flower-
ing stage.

Materials and Methods

The experiment was done in the Hokkaido
National Agricultural Experiment Station in
1986. The soil was volcanic ash sandy loam.
The materials (species) used are listed in
Table 1 and these were divided into three
groups, namely ; the T group, which is com-
monly cultivated species in Japan; the TW
group, which is product of crosses between the
cultivated and wild species and includes the
new cultivars and lines ; the W group, which is
composed of wild potato species. Although S.
phureja and S. ajanhuiri are cultivated species in
South America, these are included in the W
group in this report.

The materials other than the W group were
planted on May 1 to 6 at distance between
plants of 75cm X 36cm (3.704 pls/m?).
There were at least 6 rows of 4.3 m length in
each plot. The W group was planted on May
13 and 14 using 60cm X 30 cm (5.556 pls/
m?) distance between plants within a plot of 2
m X 2 m. All materials were fertilized bandly
in a row before planting with 120, 200, 140 kg/

ha for N, P,O;, K, O, respectively. The date of
the initial flowering was recorded on July 10
for the T and TW groups, and on July 10 to
20 for the W group.

One hill per material was sampled at two
different locations during the period from July
30 to August 8. After cutting off the shoots,
each hill was dug to a depth of 30 cm to obtain
root samples. Immediately after digging, the
roots were washed with running water to
remove soils and other plant residues. Then,
the roots were cut off at the portion of 2 cm
from the underground stem nodes. Four sam-
ples with 2—3 adventitious roots having lat-
eral roots (about 1 g, fresh weight) were taken
per hill for root respiration measurement. The
root respiration rate per sample was measured
following the method described in earlier
report®. Each sample was sandwiched two
times between paper towel softly by hand to
determine fresh weight. After storing in a 5:
5: 90 mixture of formalin, acetic acid and
alchohol to prevent degradation, the root
length was measured using the method de-
scribed by Tennant!®. The DW was recorded
after oven-drying for 48 hrs at 80°C. The roots
other than the above measurements were

Table 1. Materials used in the experiment,

Materials Maturity? Related species

T group
Danskakuimo? E S tuberosum
Norin No. 1 L S tuberosum
Benimaru L S . tuberosum

TW group
Hatsufubuki E S tuberosum, S . chacoense, S.phureja, S .demissum
Konafubuki L S . tuberosum, S . chacoense, S.phureja, S .demissum
Hokkai No.69 L S . tuberosum, S .chacoense, S .demissum
Shimakei No.539 L S . tuberosum, S .chacoense, S .demissum, S.andigena
R 392-25 E S . tuberosum, S . demissum, S.andigena
R 392-50 E S . tuberosum, S . demissum, S .andigena
WB 65051-16 L S . tuberosum, S . chacoense, S . phureja
WB 66201-10 L S tuberosum, S .chacoense, S .phureja, S .demissum
S 822229-1 L Diploid of S. tuberosum, S, phureja

W group
S. phureja L
S . microdontum L
S vernel L
S'. commersonit L
S'. stoloniferum L
S . ajanhuirt L
S'. chacoense L
S . spegazinit L

b E : Early maturity, L . Late maturity.
2 English name ; Irish Cobbler.
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soaked in water for one night, washed with a
root washing apparatus, oven-dried and
weighed. The leaf DW, the stem (plus stolon)
DW and the tuber DW were also recorded.
For data analysis, mean root diameter was
estimated from the equation® ;
D=20/{/7zxpxdxsRL,
where D is mean root diamether (cm) ; d is
root dry matter percentage ; sRL is root length
per unit root DW (cm/g); and p is root
gravity (g/cm®) having a constant value of
1.039. The root length and root respiration
rate per unit soil area were calculated by
multiplying root DW per unit soil area with
sRL and root respiration rate per unit root

DW, respectively. The root surface area per
unit soil area was calculated from the mean
root diameter and root length per unit soil
area.

On August 15 and 16, the soil monoliths (5
cm in thickness, 30 cm in length, and 30 cm in
depth) for the materials were excavated,
washed to remove soil and plant residues by
water as carefully as possible so as not to
disturb the root profile, and photographed.

Results

The root characteristics of the materials are
shown in Table 2. The W group showed
significantly higher root dry matter percentage

Table 2. Comparisons of mean root diameter (D), root dry matter percentage (DW%) , root
respiration rate per unit root DW (URR), root respiration rate per unit root length
(ULRR), and root DW (RDW) , root length (RL), root surface area (RA) and root
respiration rate (TRR) per unit soil area.

URR ULRR TRR
. D o RDW RL RA
Materials (mm) DW% (mﬁg?z (,7[%())2 (g/m2) (m/m?) (m?/m?) (an(])zﬁ
T group
Danshakuimo 0.392 7.0 0.96 8.35 9.79 1,118 1.38 9.35
Norin No. 1 0.387 7.7 0.90 8.44 16.10 1,690 2.06 14.32
Benimaru 0.371 6.7 1.12 8.32 12.37 1,673 1.94 13.86
Mean 0.383 7.1 0.99 8.37 12.75 1,494 1.79 12.51
TW group
Hatsufubuki 0.376 6.6 0.97 7.37 7.85 1,017 1.21 7.56
Konafubuki 0.385 7.2 0.84 7.29 7.91 915 1.10 6.62
Hokkai No.61 0.397 6.1 0.94 7.32 11.21 1,400 1.75 10.33
Shimakei No.539 0.403 7.1 0.99 9.00 10.73 1,209 1.49 10.62
R 392-25 0.412 6.4 0.74 6.40 8.11 925 1.19 5.90
R 392-50 0.365 7.3 0.57 4 .55 9.17 1,186 1.35 5.24
WB 65051-16 0.374 7.2 0.89 7.25 5.07 627 0.73 4 .53
WB 66201-10 0.370 9.4 0.76 7.92 6.84 655 0.76 5.19
W 822229-1 0.384 9.1 0.66 7.08 14.55 1,347 1.63 9.54
Mean 0.385 7.4 0.82 7.13 9.05 1,031 1.25 7.28
W group
S. phureja 0.296 11.8 0.72 6.06 40 .88 4 855 4 .52 29.29
S'. microdontum 0.246 10.8 1.06 5.57 21.03 3,949 3.05 22.26
S . vernet 0.254 10.6 0.71 3.99 15.60 2,898 2.27 11.08
S . commersonii 0.329 8.6 0.92 6.88 15.08 2,030 2.10 13.87
S stoloniferum 0.282 12.8 0.58 4,80 12.88 1,564 1.38 7.50
S . ajanhuirt 0.332 10.0 0.89 7.90 8.37 941 0.98 7.50
S . chacoense 0.296 9.6 0.86 5.84 4.79 711 0.66 4.11
S spegazinii 0.387 7.4 1.12 9.89 3.37 383 0.46 3.84
Mean 0.303 10.2 0.86 6.37 15.25 2,166 1.93 12.43
Difference T:TW NS NS * % * * % * % * ok *
of T W * o x x % * x x NS * ok NS NS
group mean TW . W * * * NS NS * % *  x * % * %
Total mean 0.352 8.5 0.86 7.01 12.08 1,555 1.60 10.12
LSD (0.01) 0.087 1.8 0.30 2.85 6.92 818 0.69 6.40
CV (%) 20.4 32.5 26.6 30.9 94.6 103.1 82.2 88.8
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Fig. 1. The root profiles excavated by the monolith in some materials used in the present
study. The figures from the top to the bottom are S. tuberosum (cv. Benimaru), S. vernei,
S. stoloniferum and S. chacoense, respectively. The left figures are the total root profiles and
the right figures are the parts of the left materials. A measure length within each figure

is 20 cm.
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Table 3. Comparisons of leaf DW, stem DW and tuber DW per unit soil area, and the ratios
of stem DW to leaf DW and of root DW to leaf DW.

. Leaf DW Stem DW Tuber DW Stem . Leaf Root . Leaf

Materials (g/m?) (g/m?) (g/m2) (g/g) (g/g)

T group
Danshakuimo 124 .2 78.2 671.5 0.63 0.079
Norin No. 1 143 .6 169.7 498.3 1.18 0.112
Benimaru 120.9 152.2 460.5 1.26 0.102
Mean 129.6 133 .4 543 4 1.02 0.098

TW group
Hatsufubuki 111.0 86.5 397.3 0.78 0.071
Konafubuki 82.6 95.4 475.1 1.17 0.104
Hokkai No.61 99.0 92.7 513.8 0.94 0.112
Shimakei No.539 91.3 91.8 304 .1 1.01 0.118
R 392-25 66 .2 35.1 351.0 0.53 0.122
R 392-50 91.3 56.7 498 .7 0.62 0.100
WB 65051-16 65.6 62.2 225.7 0.95 0.077
WB 66201-10 67.5 78.1 186 .4 1.16 0.101
W 822229-1 110.6 184.1 540.5 1.67 0.132
Mean 87.2 87.0 388.1 0.98 0.104

W group
S. phureja 120.1 214.2 0 1.78 0.340
S . microdontum 113.2 205.7 0 1.88 0.207
S . vernel 147 .7 187.5 0 1.27 0.106
S . commersonii 116.5 197.9 1.0 1.75 0.145
S'. stoloniferum 65.4 148.2 6.5 2.27 0.198
S'. ajanhuiri 73.9 75.8 11.5 1.03 0.113
S . chacoense 117.3 102.9 0 0.88 0.041
S spegazinii 55.8 62.1 4.5 1.11 0.075
Mean 101.2 149.3 2.9 1.50 0.153
Difference T : TW * ok * . NS NS

of T.W * NS * * * x *

group mean TW | W * * ok * ok * * ok
Total mean 99.2 118.9 257.3 1.19 0.123
LSD (0.01) 60.5 69.3 189.5 0.32 0.110
CV (%) 39.0 68.0 130.8 54.9 74.0

and smaller mean root diameter than the T
and TW groups. This indicates that the roots
of the wild species tended to be thin and
fiberlike compared with those of the cultivars
and the lines. From the root monolith observa-
tions (Fig. 1), it appeared that the lateral roots
differed among the materials. S. vernei and S.
stoloniferum had a lot of thin laterals, while §.
chacoense had less laterals. The cultivars had
relatively thicker laterals. Comparing the root
activity among the materials, the T group
showed a significantly larger root respiration
rate per unit root DW than the TW and W
groups. The difference was more apparently
shown in the root respiration rate per unit root
length because of the thinner roots in the W
group compared with the T group.
Comparing the root DW among the mate-

rials, the variation in root DW within the W
group was very large. Two wild species, S.
phureja  and S. microdontum, showed
significantly larger root DW than the cultivars
and lines in the T and TW groups. On the
other hand, §. chacoense and S. spegazinii
showed extremely smaller root DW than the
cultivars and lines. Since the roots were thin-
ner and the root length per unit root DW was
longer in the wild species compared with the
cultivars and lines, the differences in the root
length between the wild species and the
cultivars and lines were larger than those in
the root DW. Four wild species, S. phureja, S.
microdontum, S. verner and S. commersonil showed
significantly longer root length than the
cultivars and lines. A similar tendency in the
difference among the materials was also found
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in the root surface area and the root respira-
tion rate per unit soil area. The root surface
area was related very closely with the root DW
(r=0.973**). In addition, it may be noted
that, comparing the CV value of each charac-
ter, variation among the materials was much
larger in the characters relating to the root
mass than those of the root morphology and
the root respiration activity per unit root mass.

The DWs of the leaf, stem and tuber are
shown in Table3. The leaf DW was
significantly greater for T group than for the
TW and W groups, indicating that the
cultivars of the T group possessed larger leaf
DW compared with the cultivars and lines of
the TW group and the wild species. This is in
line with the results reported by others*®!2).
On the other hand, the stem DW of the W
group did not show significant difference with
that of the T group. As a result, the ratio of
the stem DW to leaf DW (stem: leaf ratio)
was significantly greater in the W group than
in the T group. Meanwhile, the stem DW of
the TW group tended to be smaller than those
of the T and W groups. This resulted in an
almost similar stem: leaf ratio between the
TW and T groups. The tuber DW was appar-
ently larger in the cultivars and lines of the T
and TW groups than in the species of the W
group. ‘

Considering the relationship between the
root DW and the leaf DW and stem DW
among the materials, the root DW showed a
relatively close relationship with the stem DW
(r=0.761**), but not with the leat DW (r=
0.477*). As a result, as shown in Table 3, the
ratio of the root DW to the leaf DW (root : leaf
ratio) showed a large variation among the
materials. Since the root DW varied more
among the materials than the leaf DW, the
root : leaf ratio was affected mainly by the root
DW. The wild species with a larger root DW
showed a higher root : leaf ratio. The root : leaf
ratio of S. phureja and S. microdontum were more
than two times compared with those of the
cultivars and lines.

Discussion

Upon comparing leaf photosynthetic rate
per unit leaf area (P) in wheat, Khan and
Tsunoda!® reported that P was higher in the
wild species than in the cultivated species. Our
primary experiment” observing the root respi-

ration rate per unit root DW (URR) indicated
that the progenies of S. verner X 8. tuberosum
expressed higher URR than those of S.
tuberosum X S. tuberosum. From these results,
we expected in the present study to find some
wild species with higher root activities per unit
root mass than the cultivars. The present
results, however, indicated that the variation
of the root respiration rate both on root DW
basis and on root length basis were relatively
small among the examined materials. The
cultivars of the T group exhibited relatively
higher values than the wild species for these
characters. Therefore, the improvement of
root activity per unit root mass may be hope-
less, at least using the present materials.

The wild species examined, however, had
relatively high root dry matter percentages
and also tended to possess thinner and numer-
ous laterals than the cultivars and lines. In
addition, some of the wild species showed
considerably larger root DW, longer root
length and higher root: leaf ratio than the
cultivars and lines. These characteristics may
be beneficial when the roots extend at unsuit-
able soils for water and nutrients. Khan and
Tsunoda'? have suggested that the higher
ratio of root DW to leaf DW in the wild wheat
compared with the cultivated wheat may be a
result of adaptation to a restricted moisture
supply in the soil where these wild plants are
growing. We consider that the introduction of
the above mentioned root character of the wild
species to the cultivars may improve the ability
of the cultivars to tolerate shortage conditions
of water and nutrients. In addition, although a
plant ideotype in view of the nutrient and
water absorption is not exactly identified pres-
ently, the progenies from the crosses between
these typical wild species for the root charac-
ters and the cultivars may produce good
materials for consideration because the prog-
enies will show a large variation in root charac-
ters.

Ekanayake et al.V reported that, in rice, the
narrow sense heritability for root DW was
high, 0.92. Gavelman et al.? succeeded in the
transfer of a larger root DW characteristic in a
bean breeding line to an adapted cultivar. In
comparing the root DW among hybrid popu-
lations derived from different crosses in
potato?, we also found that a hybrid popula-
tion from a cross with a larger root DW parent
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had a wider range of variation and a
significantly larger value in the root DW than
those from crosses with smaller root DW
parents. Therefore, we hypothesize that some
of the present wild species (e.g. S. phureja and
S. microdontum) are very promising as crossing
materials used to introduce larger root DW
and higher root : leaf ratio to the cultivars.

It is very interesting that both the largest
wild species, S. phureja, and the smallest wild
species, S. chacoense, for the root DW, root
length and root : leaf ratio among the present
materials are being frequently used as breed-
ing materials at the present station. S. chacoense
has a relatively small stem DW and the lowest
stem : leaf ratio among the wild species. Its
characteristics are in line with those of the
cultivars and lines recently bred in the TW
group. With a view to introduce large root
character to the cultivars, however, use of S.
chacoense as parent material may not be
beneficial because of its considerably small
root DW.
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