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Abstract : The relationships of root growth with shoot and tuber growths have still not been clear in potato
plants. The aim of this report is to clarify whether a varietal difference in root growth of potato plants is
determined by some inherent characteristics in the root organ per se, or affected by the growth of other organs.
Four combinations of grafting plants between two late varieties, Norin 1 and Konafubuki, with different root mass
were produced and cultured in large pots (25 cm in diameter, 50 cm in depth) with plentiful water supply. Dry
weight (DW) of each organ and leaf area were measured at three stages, just after the transplanting, approxi-
mately after the initial flowering and after the last flowering, for three years. Analyses of variance for the
characters were performed using the years as replications. The stock genotypes significantly influenced root DW
of the grafting plants at the three stages examined. The effects of scion genotypes on root DW were not significant.
The negative relationship was found between root DW and tuber DW in the grafting plants. Shoot DW and leaf
area were not significantly different among the grafting plants. We concluded that the difference in root DW
between the two varieties was mainly due to the inherent characteristic in the dry matter partition to roots and
tubers just after the tuber initiation.
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It has already been shown that there are  classes;i.e. late varieties have a larger root dry
significant differences in the amount of roots weight (DW) than early ones’®. Positive
among potato varieties with different maturity = correlations have also been found among root
DW, shoot DW and tuber yield>!?. However,
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tions, we found consistently over three plant-
ing densities a significant varietal difference in
the root length of potato to a depth of 1 m?.
Since the two varieties examined were the
same maturity class, they were convenient for
studying the contribution of roots to plant
growth and tuber yield, independently of
maturity classes. The result indicated the
importance of longer root length to maintain
larger leaf area and tuber growth rate at the
late growing stage.

The aim of the present study is to clarify
whether the difference in root growth between
the two varieties is determined by an inherent
characteristic of roots per se or affected by the
growth of other organs. For that purpose, we
made the grafting plants of four combinations
between the two varieties (self-grafting of each
variety, reciprocal graftings between vari-
eties), cultured in large pots with a plentiful
water supply, and investigated the effects of
the scion and stock genotypes on the growth of
shoot, tuber and root.

Materials and Methods

The experiment was conducted in a green-
house at the Faculty of Agriculture, Hokkaido
University (Sapporo, 42 °N latitude) in 1990,
1991 and 1992, with two late varieties of
potato (Solanum tuberosum L.), Norin 1 and
Konafubuki. Seed tubers were planted on 26
April in 1990 and 1991, and on 11 May in
1992, in small pots (20 cm in diameter, 20 cm
in depth) filled with a brown lowland soil in
1990 and a volcanic ash sandy loam soil in
1991 and 1992. Compound fertilizers (7.2 g/
pot, N;7.0%, P,0O;;11.59%, K,O;9.09%,
MgO ; 3.09,,) and calcium superphosphate
(only in 1992, 4.1 g/pot, P,O; ; 17.59,) were
incorporated into the soils.

At 10 to 15 days after sprouting, the scion
was cut at the height of about 5 cm, shaped to
a wedge, fixed into a slit of the stock, and
bound with cellophane tape. The grafts were
kept in a moist atmosphere for one week, then
thinned to one stem per pot and moved to the
greenhouse. The leaves of the stock were cut
off and any axillary buds on the stock that
grew were removed. In late June, successful
grafts were transplanted into large pots (25
cm in diameter, 50 cm in depth). The top 30
cm of soils were the same as those used in the
small pots and the bottom 20 cm of soils were

normal sand. After transplanting, plentiful
water to adjust the water table to the depth of
10 cm from the pot bottom was supplied from
the bottom of each pot every evening.

Samplings of several plants per each graft
combination were done at three stages ; just
after the transplanting (stage 1;4 plants in
1990, and 3 plants in 1991 and 1992), approxi-
mately after the initial flowering (stage 2 ;3
plants in each year), and after the last flower-
ing (stage 3 ; 3 plants in 1990 and 1991, and 2
plants in 1992). The date of the samplings was
June 22, July 24 and August 20 in 1990, June
24, July 22 and August 16 in 1991, and June
25, July 15 and August 11 in 1992. At each
stage, after measuring the leaf area with the
automatic leaf area meter, the DWs of leaves,
stems (including stolons) and tubers were
recorded after oven drying for three days at
70°C. The root sampling was divided into two
processes. After pulling up the plants the roots
attached to underground stems and the easily
collectable roots in the pot were first sampled
and washed by running water on nylon cloth
(about 0.2 mm of mesh size). The residual
fine roots in the pots were estimated by sam-
pling part of the well stirred soils (about 29 to
total soils in weight), washing and collecting
the roots. The roots were stored in a glass
bottle filled with FAA solution (5097, ethanol,
acetic acid, formalin;18:1:1 parts by vol-
ume) at 5°C. After measuring the root length
(only in 1991 and 1992, not shown in the
present paper), root DW was recorded. The
root DW collected from part of the soils was
about 209, to the total root DW.

At the data analysis, we calculated the
mean values among two to four plants of each
grafting treatment in the characters at each
stage or during each period. On the basis of
these values we conducted the analysis of
variance with randomized complete block
design using the years as blocks.

Results

1. DWs of root, tuber and shoot

Table 1 shows the root DW, tuber DW and
shoot DW at three stages. Plant growth was
different among the three years, especially for
the roots. It may have been due to the differ-
ence in the soil types, fertilizers and/or meteor-
ological conditions among the three vyears.
However, we don’t discuss about the causes in
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Table 1. The root DW, tuber DW and shoot DW of the self- and reciprocal-grafting plants of two
varieties, Konafubuki (K) and Norin 1 (N), at three stages.

Character Root DW (g pl.71) Tuber DW (g pl.7Y) Shoot DW (g pl.71)
Stage! 1 2 3 1 2 3 1 2 3
Year?
1990 0.41 494 441 1.5 19.0 48.3 1.4 23.8 25.1
1991 0.72 237 276 2.4 1.2 59.2 1.8 19.2 369
1992 0.84 2.12 226 1.4 13.1  63.1 2.3 22.7 316
p“) - * % * % NS NS * * NS * ok
Grafting plants®
Scion Stock
N N 0.74 4.42 4.36 0.2 7.1 370 2.0 249 30.6
K N 0.76 3.54 3.66 0.5 7.9 57.4 2.0 23.4 31.8
N K 0.52 239 232 3.3 19.3 613 1.7 18.4 28.2
K K 0.60 221 223 3.1 23.3 71.7 1.5 20.8 34.2
P * * * * * * % NS NS NS

1) Stage 1; after the transplanting, Stage 2; after the initial flowering, Stage 3 ; after the last

flowering.

2) The mean values of four grafting plants. 3) The mean values of three years.
4) Probability of the differences: *+; Significant at 19}, level, *» : Significant at 59 level, NS;

Nonsignificant.

this paper. We will consider the differences in
the characteristics among the grafting plants
based on the mean values of three years in the
following results and discussion.

The plants with Norin 1 stock had signifi-
cantly larger root DW than those with
Konafubuki stock at stage 1. The effects of the
stock genotypes on root DW became more
apparent at stage 2. The effects of the scion
genotypes on root DW were not significant at
both stages. However, the plants with Norin 1
scion tended to have a larger root DW than
those with Konafubuki scion in the plants of
Norin 1 stock at stage 2. After that, the
increase of root DW almost stopped in all
grafting plants. The differences in root DW
among the plants were seen continuously at
stage 3.

The effects of both stock and scion on tuber
DW were contrary to those on root DW. At
stage 1, the plants with Konafubuki stock
showed significantly larger tuber DW than
those with Norin 1 stock. The effects of stock
genotypes similar to those at the early stage
were also seen at the two later stages. In
addition, the effects of scion genotypes on
tuber DW became apparent at stage 2 and
stage 3. The tuber DW tended to be larger in
the plants with Konafubuki scion than in

those with Norin 1 scion, when compared with
the same stock plants. Consequently a nega-
tive relationship between tuber DW and root
DW was found among the plants at each
stage.

The shoot DW was larger in the plants with
Norin 1 stock at stage 1 and stage 2. These
differences in shoot DW between the plants
were, however, not significant and much smal-
ler than those in root DW and tuber DW.

2. Leaf area, net assimilation rate and

growth rate of total DW

Fig. 1 shows the mean leaf area (LA), net
assimilation rate (NAR) and growth rate of
total DW (Total GR) in the grafting plants
during a different growing period. From
sprouting to stage 1, LA tended to be larger in
the plants with Norin 1 scion. The differences
among the plants were, however, statistically
not significant because of large interactions
between years and grafting plants. The differ-
ences also disappeared during the period from
stage 1 to stage 2, when the leaf area largely
increased in all grafting plants. During the
later two periods, all grafting plants showed
similar LA. The results indicated that the two
varieties had inherently similar characteristics
of the stock and the scion for the leaf area
production.
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The mean leaf area (L.A), net assimilation rate (NAR) and growth rate of total DW

(Total GR) of the self- and reciprocal-grafting plants of two varieties, Konafubuki (K) and

Norin 1 (N), during each sampling period.

Note. The mean values of three years are shown.
The vertical bar in the figure shows the LSD at 59, level.
The NS indicates that the differences are not significant.
Stage 1 ; after the transplanting, Stage 2 ; after the initial flowering, Stage 3 ; after the last

flowering.

On the other hand, there were large differ-
ences in NAR between the grafting plants.
Before stage 1, NAR was higher in the plants
with the scion or the stock of Konafubuki than
in those of Norin 1. The similar trend in NAR
was also shown from stage 1 to stage 2, though
the differences in NAR became smaller and
not significant. From stage 2 to stage 3, in the
grafting plants with Norin 1 stock, the plant of
Konafubuki scion showed a significantly
higher NAR than that of Norin 1. In the
grafting plants with Norin 1 scion, the plant of
Konafubuki stock had also a significantly
higher NAR than that of Norin 1 stock.
Consequently, the self-grafting plant of Norin

I showed much smaller NAR than the other
plants.

Because of the differences in NAR among
the plants, Total GR tended to be higher in
the plants with Konafubuki stock than in
those with Norin 1 stock before stage 1.
Although the differences among the plants
were small from stage 1 to stage 2, after that
Total GR showed the significant differences
among the plants in the same manner as
NAR. These results suggested that the scion
and the stock of Konafubuki had genetically
higher potential for dry matter production
than those of Norin 1.
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Fig. 2. The distribution ratios of the dry matter (DR) to the shoot, root and tuber of the self- and

reciprocal-grafting plants of two varieties, Konafubuki (K) and Norin 1 (N), during each

sampling period.
Note. The same as those shown in Fig. 1.

3. Dry matter partition

From sprouting to stage 1, the distribution
ratio of the dry matter (DR) to each organ
was significantly different between the graft-
ing plants with different stock (Fig. 2). The
plants with Konafubuki stock were much
higher in tuber DR, while much lower in root
DR than those with Norin 1 stock. The shoot
DR was also significantly lower in the plants
with Konafubuki stock, but the differences in
shoot DR were relatively smaller than those in
root DR and tuber DR. The effects of scion
genotypes were not found in all DRs.

During the next period, the effects of stock
genotypes on the DRs became much smaller.
The differences between the plants were signif-
icant only in root DR. However, the effects of
scion genotypes became apparent in root DR

and tuber DR. The grafting plants with
Konafubuki scion tended to have a higher
tuber DR, while lower root DR than those
with Norin 1 scion.

From stage 2 to stage 3, most of the dry
matter was distributed to the tubers in all
grafting plants. The root DR was almost zero.
The differences in tuber DR and shoot DR

between the plants were small.
Discussion

In the present study for three years, irre-
spective of the scion genotypes, the grafting
plants with Norin 1 stock showed consistently
larger root DW than those with Konafubuki
stock at all stages examined. The larger root
DW in the grafting plants with Norin 1 stock
resulted from the higher root DR at the early
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stages of tuber bulking. In addition, both root
DR and root DW had a negative relationship
to tuber DR and tuber DW, respectively.
These results indicated that the present two
varieties had genetically different characteris-
tics of the stock. In the stock of Norin 1, the
transported photosynthetic products from the
shoots tended to distribute more for root
growth and less for tuber growth than in the
stock of Konafubuki.

The negative relationship in growth
between the underground organs was also
reported in the grafting studies of other crops.
In sweet potato*® and beet!?, the grafting
plants with the stock of larger storage roots
had smaller fibrous roots. In addition, Siddi-
que et al.'V recently reported that new vari-
eties of wheat had a smaller root DW, which
contributed to the increase of grain vyield.
Therefore, it may be generalized that a
genotypical difference in root DW results from
an inherent characteristic of dry matter parti-
tion between roots and strage organs.

Trudgill and Thompson!® reported that in
the grafting plants between the early and the
late varieties of potato the scion genotypes
mainly influenced the growth of each organ,
while the influence of stock genotypes was less.
Their result does not agree not only with the
present results but also with those in other
grafting experiments of potato®, beet!? and
sweet potato®*®, In these underground crops,
the effects of stock genotypes on the growth of
each organ were generally larger than those of
scion genotypes.

It may, however, be noted that some influ-
ences of scion genotypes on the root growth
were also shown in the present study. These
differences in root DW also related to those in
root DR, tuber DR and tuber DW. Although
we are unable strictly to propose a reason for
these relationships, Koda et al.® recently re-
ported that some chemical substances, which
were produced in the leaves, influenced the
tuber growth of potato. These substances may
relate to the effects of scion genotypes on dry
matter partition to the roots and the tubers.

The present study showed that the scion
and the stock of Konafubuki tended to be
higher in NAR and Total GR than those of
Norin 1. The results suggested that in the
efficiency of leaves for the dry matter produc-
tion Konafubuki was superior to Norin 1,

which was due to inherent characteristics of
both stock and scion. It was reported in the
grafting experiments of potato®), sweet potato®
and beet'? that a sink potential of stock for
dry matter accumulation influenced NAR and
Total GR. Since sink potential is undoubtedly
larger in tubers than in roots, we consider that
Konafubuki stock has a higher sink potential
than Norin 1 stock at least at the early stage of
tuber bulking, which results in higher NAR
and Total GR of Konafubuki stock plants.

In respect to the relationship of root DW
with NAR and Total GR, the differences in
NAR and Total GR among the grafting plants
had no relationship or rather negative relation-
ship to those in root DW. The result was not
consistent to the previous finding” under the
field conditions with the present two varieties.
It may, however, be noted that in the present
study plentiful water was supplied daily and
soil volume was also limited because of the pot
experiment. We suppose that in these condi-
tions a larger root mass may be unable to show
its superiority in respect to water and nutrient
absorption. Further studies with the present
varieties should be conducted to evaluate
whether a larger root mass is beneficial or not
for dry matter production under a shortage of
water.
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