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In order to broaden the genetic background
for improving yield capacity in potato plant,
Andigena (Solanum tuberosum ssp. andigena) has
been used in breeding programme since
19572,3,4,5,11,12,13,14}).

We reported previously that the two An-
digena strains, W553-4 and C10193-1, has
some interesting characteristics as a breeding
material™®, and produced the two hybrid
populations (total 790 clones) derived from
the crosses between the Andigena strains and
the Tuberosum cultivar (S. tuberosum ssp.
tuberosum, cv. Norin No.1)?. In 1982, 55 clones
with high yield were selected from these
hybrid populations based on the results of
single hill progeny trials.

In this experiment, eight excellent clones
(strains) with high yield selected from the
progenies of the population 80135 (W553-4 x
Norin No.l1) were grown under the general
planting system, and their productivities were
assessed from the viewpoint of dry matter
production.

Materials and Methods

In 1980, two Andibena strains (W553-4
and C10193-1) as a female parent were pol-
linated with Norin No.l, one of the leading
cultivars in Japan. Seedlings of each cross
were raised, and 511 and 229 clones were
derived from the crosses between W553-4 X
Norin No.l (register number: 80135) and
between C10193-1X Norin No.l (80136) in
1981. From the results of single hill progeny

* The outline of this work was presented at the
180th meeting of the Crop Science Society of
Japan, September, 1985.

#* The present adress is Faculty of Horticulture,
Chiba University, Matsudo, Chiba 271.

trials in 19829, 42 and 13 clones were selected
from the population 80135 and 80136, respec-
tively. In 1983, these clones were planted with
two replications (16 hills per clone), and 8
clones (strains) with higher yield were
selected. Consequently, all of them were the
progenies of the population 80135 (No.4, 5, 6,
16, 21, 23, 30 and 40). In this experiment,
these eight strains were used in comparison
with their parents (W553-4 and Norin No.l).

In 1984, mother tubers were planted on 8
May with 30 cm spaced hills and 65 cm wide
rows. Each plot comprised of five rows with 6
m in length (21 plants per row), and was
arranged as a randomized complete block with
two replications. A combination of N : P,Oq :
K,O as a fertilizer at the ratio of 63, 99 and 81
kg/ha respectively, was banded just before
planting.

Beginning on 19 June, six plants of the
center three rows were harvested from each
plot at the intervals of 18 days, and leaf, stem,
tuber and stolon + root dry weights of four
plants excluding extremely large and small
ones were measured after oven drying for 48
hours at 80°C. About 2000cm? of leaf areas
from the representative plants of each plot
were recorded with an automatic leaf area
meter (Hayashi Elec. Corp., AAM-7).

On 4 October, ten plants were taken from
each plot, and tuber fresh weight, number of
tubers and their gravity were measured.
About 1000 g of sliced tuber taken at random
from plot samples were dried for determina-
tion of dry matter content.

Results

1. Maturity, total dry weight, yields and yield
components

All of the hybrid strains except No.30 had
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late maturity, and did not reach to the leaf
yellowing stage by early October (Table 1).
No.6, 40 and the Andigena parent (W553-4)
which had very late maturity maintained
rather large leaf area index till early October
(see Fig.2). Only No.30 was earlier than the
Tuberosum parent (Norin No.l).

The means of total weight and tuber yield
as dry weight base for the hybrid strains were
2297, and 179, greater than those for the
Tuberosum parent, respectively. Particularly,
No0.40 which recorded the highest yield (79 t/
ha as fresh weight) was superior to Norin No.
1 by 899,.

The mean tuber number (/pl.) for the
hybrid strains was slightly less than that for
the mid-parent (16.5/pl.), but No.16, 21 and
40 produced significantly larger numbers of
tubers than the Tuberosum parent (Table 2).
All of the strains had larger sizes of tubers
(mean single tuber weight) than the An-
digena parent. No.5 and 23 had particularly
higher percentages of LL sized tubers (180 g
-) than that of the Tuberosum parent.
Although there was a highly negative correla-
tion (r=—0.803**) between size and number
of tubers, No.40 which produced the highest
yield had nearly similar values to that of the
Andigena parent in tuber number and to that
of the Tuberosum parent in tuber size. The
mean starch value of the hybrid strains did

not so different from those of their parents.

2. Partitioning of dry matter

Changes with time in percentages of leaf
(a), stem (b), and tuber (¢) dry weights to
total dry weight are presented in Fig. 1. There
was a tendency in the percentages of leaf and
stem dry weights that later maturing strains
changed with higher values after July; very
late strains, No.6 and W553-4, had especially
high values, and the earliest strain (No.30)
had lower ones. On the other hand, the per-
centage of tuber dry weight showed a recipro-
cal relation to those of leaf and stem dry
weights. The time of tuber initiation was
different among the strains (Fig.1-c). No.5,
30,40 and the Tuberosum parent set tubers
already on 19 June. No.4, 16, 21 and 23
formed tubers in early July, and tuber forma-
tions of No.6 and the Andigena parent were
very late (in the late of July). As a general
trend, tuber initiation and partitioning of dry
matter would be closely related to maturity.
No.40 with the highest yield, however, showed
exceptionally early tuber formation, relatively
low percentages for leaf and stem and high
one for tuber in spite of being very late. In
addition, the strains which set tubers earlier
had lower percentages of stem dry weight
during the growing season.

The hybrid strains except No.5 and 30 had
heavier root + stolon dry weights, which were

Table 1. Maturity, total dry weight and tuber yields of 8 hybrid strains and their parents.
Strain and . Total dry weight Tuber yield
parent Maturity* (g/m?) Fresh Dry

(g/m?) (g/m?)
Hybrid strain
80135-4 L 1386bc** 4783cd 975bed
5 L 1172bc 4548cd 921cd
6 VL 1500bc 4312cd 897cd
16 L 1244bc 4262cd 928cd
21 L 1469bc 5575bc 1182bc
23 L 1612b 6394b 1291ab
30 EM 1010c 4386¢d 913cd
40 VL 2094a 7941a 1542a
Mean - 1434 5275 1080
Parent
W553-4 VL 1401bc 3771d 778d
Norin No, 1 ML 1172bc 4197cd 923bcd

*  EM ! early or medium, ML ! medium or late, L : late and VL : very late.
#* . Means followed by the same letter are not significantly different at p=0.05
level of probability by Duncan’s Multiple Range Test.
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Table 2. Yield components and tuber size of 8 hybrid strains and their parents.,
Strain and Tuber Mean single Starch Percentage of tubers
parent number  tuber weight value at different sizes

(/pl.) (8) (%) (%)

LL L M S SS

Hybrid strain
80135- 4 12 9b** 72.7bc

5 8.8b 100. 6a
6 12.6b 67.1bc
16 19.6a 43 .2d
21 19.3a 57 .0cd
23 12.7b 98 .4a
30 11.9b 71.8bc
40 19.1a 81.9ab
Mean 14.6 74 .1
Parent
W553- 4 23 .4a 30.7e
Norin No.,1 9.6b 85.8ab

14 8ab 9 18 28 18 27
15. 1ab 20 18 24 25 13
14 4ab 4 15 30 29 22
16.1a 2 4 21 40 33
14 5ab 7 9 19 26 39
14 5ab 14 22 32 21 11
15.0ab 6 17 30 23 24
13.7b 13 13 28 24 22
14.7 9 15 26 26 24
14.9ab 1 2 13 35 49
15.9a 9 20 36 22 13

* 7 LL: 180g~, L: 120~179g, M : 60~119g, S : 20~59¢ and SS

~19g.

** . Means followed by the same letter are not significantly different at
p=0.05 level of probability by DuncaN’s Multiple Range Test.

superior to the Tuberosum parent by 45 to
2289, at the maximum stage of root 4 stolon
dry weight (10 Aug.). Percentages of root +
stolon dry weight for them also tended to be
larger than that for the Tuberosum parent
throughout the growing season.

3. Growth parameters

Fig.2 illustrates the changes in leaf area
index (LAI) during the growing season. In the
early growth stage (emergence to 19 June).
leaf expansion rates were very different among
the hybrid strains. Only No.40 had a higher
rate than the Tuberosum parent. After that,
No.30 (EM), the Tuberosum parent (ML)
and two late strains, No.4 and 5, attained
maximum LAI (2.9 to 3.4) in about early
July, although most of the late strains in-
creased leaf area until late August and had
rather high LAIs (maximum LAI: 3.8 to 5.6).
Especially, two very late strains (No.6 and 40)
maintained near maximum values till the end
of the season.

Table 3 presents mean crop growth rate
(CGR), mean net assimilation rate (NAR),
leaf area duration (LAD) and mean tuber
growth rate (TGR) throughout the period
from emergence to 4 October and the period
from tuber initiation to 4 October. Mean
CGRs of the hybrid strains were almost similar

to those of their parents, but only No.40
showed a significantly higher value than the
others. Mean NARs of the hybrid strains
ranged from 3.72 to 3.74 g/m?/day and their
mean value was slightly higher than that of
the mid-parent. After tuberization, every
strain and parent except No0.30 increased
mean CGRs, and the rise for No.40 was espe-
cially large. Mean NARs also tended to
increase, but the mean value for the hybrid
strains was just lower than that for the mid
-parent. All of the hybrid strains except No.30
had similar or higher LADs compared with the
Tuberosum parent. The two late strains, No.6
and 40, had especially higher values. The
mean value of mean TGR for the hybrid
strains was superior ot those of their parents,
but only No.23 and 40 had significantly higher
values than the Tuberosum parent. Total dry
weight and tuber dry yield were closely cor-
related positively with mean CGR, LAD and
mean TGR, but the r value between tuber dry
yield and LAD was not significant (Table 4).

Relations of CGR with LAI, NAR and
TGR at each experimental period are present-
ed in Table 5. At the period from emergence
to 19 June, CGR showed a significantly posi-
tive correlation with LAI. On the other hand,
there was a close relationship between CGR
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Fig.1. Changes with time in percentages of
leaf (a), stem (b) and tuber (c) dry
weight to total dry weight.

o:4 ~:5 v.6, o:16, e 2],

A 23 v:30, m:40, X ! Norin No.
1 and + : W553-4, : hybrid strain,
--------- : parent. Bars indicate L.S.D.
(p=0.05).

and TGR at the next period (20 June to 6
July) when tubers were beginning to be for-
med, indicating that tuber formation would
affect dry matter production largely. After
July, CGR depended mainly on NAR and
TGR. In particular, CGR was related to TGR
very closely in the later growing season. How-
ever, no significant correlation was found
between them at the period from 24 July to 10
Aug. The reason for this relationship is not
well known, but it might be a consequence
that the values of NAR or TGR would not
reflect on CGR directly because of effects of
mutual shading (the r value between NAR
and LAI was -0.829**). In addition, there
were significantly positive correlations between
CGR and LAI (r=0.744*), and between
TGR and LAI (r=0.833**) at the last period
(29Aug. to 4 Oct.), suggesting that the main-

6

June July Aug. Oct.
Date
Fig.2. Changes with time in leaf area index

(LAI). Symbols are the same as those in
Fig.1.

tenance of crop and tuber growth would
depend on source activity in the end of the
growing season.

Discussion

The hybrid strains used in this experiment
showed relatively high productivity as compar-
ed with the leading cultivar. Particularly, the
highest yielding strain (No.40) produced 79 t/
ha as fresh tuber weight, which is near to the
potential yield estimated by Avrcock? (85t/
ha). The causes of the best yield may be
summariued by 1) early leaf expansion, 2)
early tuber formation, 3) longer duration of
large leaf area and 4) vigorous tuber growth.
There is a general tendency that an early
cultivar with early tuberization matures too
early to out-yield such as No.30 (short dura-
tion of source), while a late one with vigorous
shoot growth sets tubers too late to bulk large-
ly such as No.6 (short duration of sink). The
highest yielding strain, however, set tubers
earlier in spite of very late maturity, suggesting
that maturity (growing period) may not
always link with tuberization. The time of
tuberization was also suggested to be closely
related to the partitioning of dry matter to
stem. The strains which formed tubers earlier
had lower percentages of stem dry weight
throughout the season. The early tuberization
may be advantageous not only to longevity of
tuber bulking period but also to the reduction
of respiratory loss in stem.

In addition, root might take an important
role in leaf area duration and tuber growth.
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Table 3, Mean crop growth rate (CGR), mean net assimilation rate (NAR) | leaf
area duration (LAD) and mean tuber growth rate (TGR) throughout the

experimental period.

Strain and Mean CGR Mean NAR LAD Mean TGR
parent (g/m?/day) (g/m?/day) (m?/m? day) (g/m?*/day)
Hybrid strain D 2 2 D 2
80135- 4 11.7b**(12.9) 5.24ab (4.76) 267bc 10.8ab
5 9.7b (10.3) 5.27ab (5.84) 224cd 9.8ab
6 12.3b (14.2) 3.72¢ (3.66) 407a 11.9ab
16 10.2b (11.3) 4 17bc (5.75) 297bc 10.2ab
21 11.5b (13.4) 4 0lbc (7.16) 364ab 13.0ab
23 12.8b (15.1) 4.89ab (7.59) 326ab 14.3a
30* 11.4b ( 8.4) 5.74a (3.74) 178d 10.6ab
40 16.4a (19.9) 5.21ab (5.94) 402a 14 4a
Mean 12.0 (13.2) 4.78 (5.52) 308 11.9
Parent
W553-4 11.4b (12.8) 3.93bc (4.18) 356ab 10.4ab
Norin No, 1 9.4b (10.0) 5.10ab (7.64) 231cd 8.7b

D Estimated throughout the period from emergence to October 4th,
2 Estimated throughout the period from tuberization to October 4th,

* ; Estimated till September 15th,

** + Means followed by the same letter are not significantly different at p=0,05
level of probability by Duncan’s Multiple Range Test,

Table 4. Correlation coefficients between total dry weight, tuber dry
yield and mean growth parameters,
Mean CGR Mean NAR LAD Mean TGR
Total dry weight 0.904*** -0.160 0.805** 0.828**
Tuber dry yield 0.808** 0.221 0.445 0.817**

Table 5.

Relations of crop growth rate (CGR) with mean leaf area index (LAI), net

assimilation rate (NAR) and tuber growth rate (TGR) during each experimental period .

Period CGR-LAI CGR-NAR CGR-TGR
Emergence~19 June 0.944%** —0.539 —
20 June~ 6 July 0.498 0.127 0.893**
7 July~ 24 July 0.721% 0.852%* 0,787**
25 July~ 10 Aug. 0.109 0.431 —0.137
11 Aug.~ 28 Aug. 0.620 0.831** 0.958***
29 Aug.~ 4 Oct. 0.744* 0.603 0.921%**

Iwama et al.'® reported that the vigorous
growth of shoot for the late cultivars would be
closely associated with volumes of root in the
later growing season. In this experiment, there-
fore, the longer duration of leaf area for most
of the strains appears to be supported by their
larger volumes of root. Consequently, their
vigorous tuber growth might be able to be
maintained till the end of the growing season.

In yield components, the highest yielding of
the hybrid strain appears to be a multi-
plicative interaction resulting from the combi-
nation of the heavier tuber set of Andigena
and the larger tuber size of Tuberosum as
similar results reported by CusiLLos et al.? and
Tarn et al.'¥. Almost cultivars usually set only
about 10 tubers per plant in normal planting
system, it is therefore necessary to extend sink
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size by introducing the character of setting
large number of tubers from wild or related
species. These species will be simultaneously
required to possess the potentiality to bulk
tubers as large as cultivars’, since some deriva-
tives from crosses with wild species have often
failed to bulk large sized tubers (too late
tuberization or shortage of source)®.

The hybrid strains used in this experiment
were derived from a small sized population?.
Judging from this high frequency in appear-
ances of high yielding strains, it seems that
W553-4 would have a large possibility as a
breeding material to increase biomass in
potato crop.

Summary

Eight high yielding strains (80135-4, 5, 6,
16, 21, 23, 30 and 40 ; 80135 is abbreviated as
follows), which had been selected from the
hybrid population between a Andigena strain
(Solanum tuberosum ssp. andigena : W553-4) and
a Tuberosum cultivar (S. fuberosum ssp. tuber-
osum : cv. Norin No.l), were planted to assess
their productivities in comparison with their
parents.

1. All of the hybrid strains except No.30
had late or very late maturities. The means of
total weight and tuber yield as dry base for the
hybrid strains were 229, and 179, higher than
the Tuberosum parent, respectively. The best
tuber yield of the hybrid strain (No.40) was
79 t/ha as fresh weight, which was superior to
the Tuberosum parent by 899,. The mean
tuber number of the hybrid strains was slight-
ly lower than that of the mid-parent, but No.
16, 21 and 40 produced significantly larger
numbers of tubers than the Tuberosum par-
ent. All of the hybrid strains had larger sizes of
tubers than the Andigena parent. The mean
starch value of the strains did not so different
from those of their parents.

2. There was a tendency that a later strain
had higher percentages of leaf and stem dry
weights, a lower one of tuber dry weight, and
later tuber initiation. Exceptionally, No.40
showed low percentages for leaf and stem dry
weights, a high one for tuber dry weight and
relatively early tuber formation in spite of
being very late. In addition, the strains which
set tubers earlier had lower percentages of
stem dry weight throughout the growing sea-
son. Almost strains had large volumes of

root + stolon dry weight and their percent-
ages to total dry weight were also higher.

3. Only No.40 had a higher leaf expansion
rate than the Tuberosum parent in the early
growing stage. After that, No.30, the Tuber-
osum parent and two late strains (No.4 and 5)
attained maximum leaf area index (LAI) in
early July, although most of the late and very
late strains increased leaf area untl late
August and had rather high LAIs. Mean crop
growth rates (CGRs) of the hybrid strains
were almost similar to those of their parents,
but only No.40 showed a significantly higher
value than the others. The mean value of
mean net assimilation rates (NARs) for the
hybrid strains was slightly higher than that of
the mid-parent. After tuberization, almost
hybrid strains increased mean CGR and mean
NAR. All of the hybrid strains except No.30
had similar or higher leaf area durations
(LADs) compared with the Tuberosum par-
ent. The mean value of mean tuber growth
rate (TGR) for the hybrid strains was supe-
rior to those of their parents. Total dry weight
and tuber dry yield were closely correlated
positively with mean CGR, LAD and mean
TGR, but the r value between tuber dry yield
and LAD was not significant. CGR was closely
related LAI at the period from emergence to
19 June, and to NAR at the period from 7
July to 24 July and the period from 12 Aug. to
28 Aug. The close relationships were also
found between CGR and TGR throughout the
growing season except the period from 25 July
to 10 Aug.
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In Japanese with English summary.

F X )
/SLA £ 3128175 Andigena X Tuberosum MREROBERER 1

BEEL - FHEAE - BB ER - EE
(biEEAFEFE - T INEEEERRE)

EESI1, TEBEME E L TEFEBE N T3 Andigena  (Solanum  tuberosum  ssp. andigena) 24T
(W553-4) L BEERTE (S. tuberosum ssp. tuberosum cv. AR 15) L 2 REL, MEEEEER L, KR
TR ZOEFA LY B D W GER L 8 R (80135-4, 5, 6, 16, 21, 23, 30, 40) %, BEIBEM:
TTHEZMY, TOEMEERECDOWTHELL.

1. No.30 (LAT 80135 #&MET 2) %k i 7 Rk Tuberosum # (L 1 5) (ICEHLBETHGE
¢, &<IZ No. 6, 40i3 Andigena # (W 553-4) L ERECENLETH-7:. EWES L UBELY)
I E DO MERERFEDOFIEIL Tuberosum FIZELE L TENEh 22%, 17%KEH -7, HBIIERNEL
RL7z No. 4013, HEWNETT79t/ha LD EKR1 5% 89% LEI-7: (BB15),

REHTHEBEROFIEIZPRERICHEARD T/ E 25 7285, No. 16, 21, 40 (ZEEIZ Tuber-
osumB L D KE»ot, P 1EAREETIETNT DR Andigena & K S REER L, %
o, TYTUMTRE, WINORMOMHOMBERE SRR Skrol (B2R),

2. WERRIZOES L UERYEESSKE L, HECMEISHIES <, BERRENEOER
MERD Stz Lo Lasds, No 401 3MBiE4EICd »ob & THHEARER KN FE L, WESYEE
AU REDoLE IR, £z, BRERRHORORKIE, £FHRE2EL CELMEEEG/IS
B L7z, No.5, 30 k< TN TOMERMIZ Tuberosum FIZHEAUR+ 2 b oV EZWES L IR+ R +
O EEEENKE oI,
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3. Tuberosum FT LA, BERFED S 72770 £ D No. 40 IZEBYVHOETERBHEENK E 25
7z, KEBH OMRERMTIE 8 AR EEmEEH (LAD &AL RD, %0DfE1: Tuberosum #iz fhEg
LTKE»otz, BIBED No. 6 8L No. 40 i3 10 B EA F TA S % LAL 2R L7z (8 2E).

FHEHM T FHZH» 5 10 A 4 B) OFHEFEFEEERE (CGR) T3, #ERHOFL{E X Tuberosum
IR THICARE L, FIgHFEIE (NAR) TlR/INE otz £z, WERRPLETRIELEAY
OMERTS L CHREETFEY CGR 7% 5 (N2 FH NAR AT 2 BRI H -7z, ERE (LAD) T
KERS D FigiHS Tuberosum $FIZEEE L TR E RE L % o7z, SEEREE, S 10 B 4 HO SR ESY)
#HLEE (TGR) i, HERNS L UHHOMIEAE ZZRRED 5Nk oleds, No. 28 %6 TN
No. 40 {3 Tuberosum FUZHLNERBICKE ol (B 3R),

LESYIEL L UBESYINE X, ¥ CGR,LAD & L U TGR L EERIENHEBEER L2, %
2ENE » LAD r ORI EERBREED S kr o7 (B4%), CGR ZEHE»S 6 F19HD
T LAL &, 7TEB7H»5 7TH24H%5 08 A 12 45 8 A 28 HOHATIZ NAR FEX
EOMHBEERL., %72, CGR £ TGR Ok 7 B 25 B2 8 A 10 ADHE 2K < £ 4 FHMTE
EREOHENRED >Nz (B55E).

YOBE, TERFREZEE.




