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.POTATO GRAFTING EXPERIMENTS, II. SOME FURTHER

RESULTS WITH THE SHORT-DAY SPRCIES, SOLANUM
DEMISSUM

By H. W. HOWARD
Plani Breeding Insiitute, Trumpinglon, Cambridge.

{Received April, 1962)

I. INTRODUCTION

In previous work (Howard, 1949) it was found that the short-day species, Solanum
- demissum Lindl., could be made to produce under long-day conditions a much larger
vield of tubers if scions of a &, fwberosum varicty, such as Epicure, which is tolerant
of long days, were grafted on it. It was also found that plants grafted a second year
with Epicure produced a higher yield of tubers than those grafted for one year only.
" There was in addition some carry-over of the effect of grafting to a second year in
‘plants grown from grafted plants but not themselves grafted. These latter two results
have been investigated further.

It was suggested in Howard (1949) that there were no long-term effects of grafting
ansl that all the results could be efplained as due to relatively immediate pbysmlomml
Ceffects.  "This is, of course, the answer that a geneticist educated in orthodox genetics
would: be expected to obtain, and there is also a tendency in designing experiments to
make it impossible for any genetical modifications to be found. This tendency can
be illustrated by considering the following example. Plants of S. demirsum - grafted
with an early, cultivated variety, such as Epicure or Arran Pilot, produce larger tubers
than ungrafied plants. If vegetative hybridization is expected, then the largest tubers
from the grafted plants will be selected for growing on.  If such effects are not expected,
then tubers of comparable sizes from the grafted and ungrafted plants will probably
be selected for the further experiments. In the second series of experiments reported
in this paper, the grafted lines were carried on by selecting the plants with the largest
yiclds each year and by using the largest tubers of these plants. This sclection pro-
" cedure should maximise the chances of obtaining vegetative hybrids with yields higher

than the parent species, S. demissum.

Two separate sets of material have been investigated—further experiments with
8. demissum, C.P.CL 19, which was the stock used by Howard (1949); and a series with
C.P.C.. 23, another clone of S. demissum. lxperimental technicues were similar to
- those used by Howird (1949). The plants were grown as randomised blocks, each
“plot” heing a single pat.
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II. Exerrivents wrra PG 19

A, Results in 1949

The experiment in 1949 (Table 1) was concerned mainly with investigations on the
persistence of the effects of grafting. 1t had been found (Howard; 1949) that tubers
formed by grafted plants produced plants which emerged carlier and flowered earlier
than those from tubers from non-grafted plants, On the other hand plants grown
from tubers of grafted and non-grafted plants matured at the same time and gave
similar, small yields of tubers under long-day conditions.

Table 1. Experiments wiih C.P.C. 19 in 1949

(a) Not grafted experiment (randomised hlocks; 5 replications).

Treatment Tr(:a.imcnts1 Mean days from p;ianting to o i\if_lc‘zm“;’iem
number 1946 1947 1948 Emergence  Flowering Maturity in gms
1A G G G 7.2 we | 1592 E
1B G G G 66 . 478 ‘ 1648 \ 83
2 G N G 9.0 47-0 166-4 | 160
3 G G N 90 49-6 ’ 1624 l 7-0
4 e N N | 144 57-2 i 1624 101
1

1 Treatments— G, grafted with Epicure; N, not grafted.

]
Significant differences |
(i) Days to emergence—treatment 4 later than the others, P=0-01 level.
(i) Days to flowering—treatment 4 later than 1A, 1B and 2 at P==0-01 level
and than 3 at P=0-05 level; treatment 3 later than 1A at P=0-05 level.
(i) Days to maturity and yield—mo significant differences.

(b} Grafted in 1949 expermment.

Treatment { Treatments® | Yield in gms per pot

ursber 1046 1947 1948 when grafted with Axran
Pilot
1A G G G 116-4; 151-5
1B G G G 165-0; 175-9
2 G N G 247-2; 142:6
3 G G N 1424
4 G N N -132-6; 130-8

L Treatments—G, grafted with Epicure; N, not grafted. .
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" In 1949, for plants not grafted in cither 1948 or 1949, it was found that grafting in
1946 and again in 1947 (treatment 3) preduced hoth earlier emergence and earlier
flowering than grafling in 1946 only (treatment 4). In other experiments (sec helow)
it is unusual for any effect of grafting to persist through one clonal generation of non-
grafting. : ‘

Two plants of each treatment were grafted with Arran Pilot to produce material for
experiments in 1950. The nine plants {one plant in treatment 3 died) all produced
a much higher yield of tubers than the ungrafted plants. Tuber yields from all treat-
ments are similar. :

B. Resulls in 1950

The experiment in 1950 was again directed to investigate the persistence of any effects
from grafting in previous years. 'The results (Table 2) show that for number of days
to emergence and to flowering the only event ofany significancein prodncing a difference
is whether the line was grafted in 1949, or not. Grafting for three years and then not
grafting for a single year (treatment 3) 15 just as late in emerging and flowering.as
grafling a single year and then not grafting for three years (treatment 3). BSize of
tuber planted has little or no effect.

Table 2. Experiments with C.P.C. 19 in 1950 {randomised blocks; 6 replications),

Treatment Treatments! Size of ‘ . Mean days to ’ Méan yield
tumber | 1946 1947 1048 IsH9 pgﬁ:&z . Emcrgencef Flowering in gms.
LA G G G &L asn | 13-3 63-0 83
1B G 6 G G |s (019 ‘ 162 67.7 65
24 G N G G L se | 159 52.7 5.6
28 G N G G |5 (029 l 172 650 - 78
3 G G G N | M(25) | 260 765 163
4 ¢ 6 N N |mM(18 ; 25 790~ 6-8
5A G N N N |M(z1n) | 964 75.0 52
5B G N N N |5 (o2 |‘ 972 755 12-2

* Treatments—GC, grafted with Epicure in 1946-48 and with Arran Pilot in 1949; N, not grafted.
* Size of tuber planted—L, large; M, medium; 8, small. {av, weight in gms. in brackets).

Significant differences

{a) Days to emergence. Treatments 1A, 1B, 2A and 2B earlier {P==0-01 level)
than 3, 4, 5A and 5B. Treatment 1A earlier than 1B and 2B at P==0-05 level.
() Days to flowering. Treatments 1A, 1B, 2A and 2B carlier (P=0-01 levél)
~than 3, 4, 54 and 5B.
© (¢) Yields—no significant differences.
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1T, Experments wirmn CUP.CL 23
Because there were not available any tubers of the CLP.C. 19 stock from plants which
had never been grafied, a new series of expegiments was started in 1951 with ancther
stock of §. demizsum, C.P.C. 28, Grown under glasshouse conditions in an English
summer, C.P.C. 23 appears to be a more extreme short-day type for tubering than -
C.P.C. 19,

The C.P.C. 23 stock has been grown for ten years, the non-grafted line being main-
tained by late planting (beginning of June} so that it atures under relatively short-day
conditions in October. Fach year the two lines, grafted and non-grafted, have heen
planted from the largest tubers of the pots giving the highest yields in the previous
year. Arran Pilot, not Epicure, has been the variety used as the source of scions for

gralting. -

Table 3. C.P.C. 23, summary of yields af tubers from grafied and non-grafled lines

1951, seedling year (not yrafted), 19-8 gms,
1952, not gralted, 465 gms.; grafted, 62-6 gms.

Average yield per pot in gms. from

) Non-grafted line Grafted line
Year carly-- early early+
early plant late plant grafied plant late plant ‘arafted
1953 0 149431 4214 64 0 76407 72:5-4 B4
1954 28416 100491 | 12532109 ¥ 78417 142-7 4125
1555 0 63418 7904 87 0 128423 19364101
1956 0 31209 26-04 42 % 15-34-3-1 300+ 45
1957 0 9240426 7574101 0 983431 56-3.4 97
1958 0 163124 | 258+ 28 0 122418 7921 41
1959 1-240°6 2-24:09 3274 24 0 21408 6864 50
1960 0 67417 79-8£ 5-9 0 54419 13704 92
1961 | 0 2-640-7 . 0 1-5.:0:3
) ! | i

Tuber yields have varied considerably (Table 3). For yield of tubers when grafted,
the grafted line exceeded the non-grafted in five years out of ¢ight.  For early planting’
and not grafing, it was usual for both lines to produce no tubers, the plants dying
from becoming pot-bound rather than maturing. The occasional tubers formed by
the non-grafted line after early planting without grafting resulted from the slow early
growth of this line allowing an occasional plant not to die in the swmmer from becoming
pot-bound and to mature under relatively short days in the autwmn. For late planting
and not grafting in a single year, there was no suggestion of any vegetative hyhbricli-
sation effects for tuber yicld. Even after nine years grafting, the: grafted line yielded
similarly to the non-grafted when not graftec.
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In addition to maintaining the two lines, grafted and non-grafted, ohservations were
made, as with the C.P.C. 19 material, of dates of emergence of the shoot from the scil,
of dates of flowering, and of yields both when grafted and not grafted. On the whole,

as can be seen from the selected results discussed below, similar results to theose obtained
with G.P.C. 19 were found. '

A, Results in 1957

Results for plants not grafted in 1957 are shown in Table 4. As in the 1950 results
“for the C.P.C. 19 experiments, but not as in the 1949 results, the only treatment with
any significant effect on the time of emergence and the time of fowering is that of
grafting in the previous year. Also, when tubers are planted late, the efect has ‘more
© or less disappeared. This is evidently due to the longer storage pericd enabling the
tubers from the non-grafted 1956 plants to sprout. Measurements made in other years
have shown that tubers from plants not grafted in the previoué year have at the end of
March only very small sprouts compared with sprouts of an average length of 1-5 cms.
on tubers from plants grafted in the previous year.

Table 4. Results for C.P.C. 25 in 1957, planis not grafled in 1957 (randomised blocks,
' G replivations)

Treatment Treatments® ‘ Ealr\iflyeg:qré;ifligl 7 ‘ x\ﬁfcz:a.{f tgagia?; Wune hlf?gan yield
number 1952-35 1956 ' Emergence ;| Flowering Finergence | Flowering in gms
...... . ey R T S
1 G G 51 i 420 ! 4-8 352 © 283
2 N a A1 am D 4 34.0 950
3 G N 12-8 52-0 | 55 34-8 350
4 N N 95 | BT I Y 363 240

A Treatments—G, grafted with Arran Pilot; N, not grafied.

Stgnificant differences -
() Early plant
{z) Days to emergence—treatments } and 2 carlier than 3 and 4 at P=001
level.
(#) Days to flowering—treatments 1 and 2 earlier than 3 and 4 at P==0-01 level,
() Late plant—no significant differences.

“B. Results in 1958 and 1959
" In both 1958 and 1959 grafted plants of the grafted line produced a much bigger
yield of tubers than grafted plants of the non-grafted line.  This was not due to bigger -
tubers, but to the production of more tubers (Table 5). The 1959 results were excep-
tional in that for tubtr yield gralting for two years has given a similar yield as grafting
for one year only.  This may be due to virus infection (see next section).

5 _
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Table 5. Resulls for C.P.C. 23 in 1958 and 1939, plants grafle

Potato Grafting Experiments

(randomised blocks, ten replications in both years)

i\/Iean vield

Year of Treatment i Treatments ;
BExperiment number 1952-57 1958 o gros.
per pot
1958 1 G 792
1958 A N 258
1959 i G G 68-6
1959 9 N G 35-8
1959 3 N N 327

216
60
17:3
83
10-5

Mean tubers
per pot

d with Arran Pilot

Mean tubcr

weight

Significant differences Sor both yields and numbers of lubers
(2) 1958. Treatment 1 higher than 2 (P=0-01 level).
(b} 1959. Treatment 1 higher than 2 and 3 {P=0-01 level).

C. Results in 1960
The 1960 results (Table 6) for the early plant show that, for days to emergence and

to flowering, grafting for dne year is as effective as gralting for eight years.
after grafting in 1960, treatment I (the continuously

" 3 Tyeatments-—G, grafted with Arran Pilot; N, not grafted.

For yicld

grafted line) and treatment 3

rafied in 1959) have significantly higher values than treatment 4 (the non-grafted
g g y nig

ling). Treatment 2 (grafted in 1938 and 1959)

, however, gave yields similar to treat-

ment 4. Tt may be that this line had become infected with a virus in 1958. This
would also explain its relatively low vield in 1959.

Table 6. Resulis for C.P.C. 23 in 1960 (
10 grafted and 5 left to flower;

Early pl;mt {March 30)

'1;;23{ - 1957 T;eaf;gmnm Mean days to
number ! “—;:? 58 1959 Egﬁi . Fli]nlvgver—
R . G G G 56 43-6
2 i N G G 72 # 49-6
83 | N N G 60 434
4 i N N N 22-8 71-6

Significant dufferences
(a) Early plant

(i) Days to emergence and to flowering.

(P=0-01 level}.

1

Yield
when
grafled

i
1

137-0
58-8
118-9
79-8

Emer-
gence

2-5
32
30

4.2

1 Treatments—G, grafted with Arran Pilot; N, not grafted.

Flower-
ing
43-6
15-6
42-0

442

T Late I;Iant {June 13}
Mean days to

.
i

randomised blocks; 15 replications for early plant,
5 replications for late plant)

Tuber
Yieid

a7

Treatment 4 léter than I, 2 and 3
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(az) Yield when grafted. Treatments | and 3 higher than 2 and 4 at P=0-01
level,
() Late plant
(1) Days to emergence. Treatment 1 carlier than 4 (P=0-05 level).
(i1) Daysto flowering. Treatments 1 and 2 earlier than 3 and 4 (P=0-C3 level).
{dz2) Yields without grafting. Treatment 3 higher than others at P==0-03 level.

The results. for the late plants show that, for days to emergence ‘and to flowering,
the effect of grafting in previous years is much smaller than in the- early plant (see
also section IIT A). Tor days to flowering there is a difference between treatments
2 and 3 but not between 3 and 4 {this was not found in the early plant where only
treatment 4 was different from the rest). Treatment 3 (grafted i 1959 only) yielded
more than all the other three treatments, No explanation is offered for this latter
result. : -

D. Results in 1961

As 1961 was the last vear of the experiments a large number of plants was grown
to see whether there were any residual effects of grafting on time of emergence and of
flowering when planted early. The results (Table 7) show that grafting in the previous

Table 7. Resulls far G.P.C. 25 in 1961 {randomised blocks, & ;eplzcatwm)

feoiiee Treatments* f Eaﬁiyf ]t?)m | | L%iy??om Vield
mumber | 1952-57 1958 1959 1960 | Emergence | Flowering | Emergence | Flowering in gns
by & o o ol o6 L 454 49 ’ 356 144

) N ¢ ¢ C 76 476 | |

3 N N G G 66 426

4 N N N G 68 450 .

5 ¢ G @ N 24 782 AT R

6 G G N N 34-8 752 . :

7 G N N 280 694

& | N N N N 860 772 51 | 378 265

1 Treatments—G, gralted with Arran Pilot; N, not grafted.

Significant differences
1. Farly plant, days to emergence. Treatments 1-4 earlier than 5-8 (P=0-01
level); treatment 7 earlier than 8 {PEO-OS level).

. Barly plant, days to flowering. ‘Treatments 1-4 carlier than 5-8 (P=0-01
level); trearment 7 earlier than 5 and 8 (I’=0-05 level}.

3. Late plant, no significant differences. :

I
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year only (treatment 4) is as effective as grafting for wine years (treatment 13, and
that grafting for eight years but not grafting in 1960 (treatment 7) gives the same result
as never g'rafting. Similar results were obtained for C.P.Cl. 19 (see section TL B and
Table 2). For late planting there is little difference between the grafted and the
non-grafted lines, and the grafted line gives only a small yield when it is not grafted.

TV, Discussion

The results on the whole shaw that the effects of gralting can be explained on a
physiological basis and that there are no reasons for suggesting that grafting changes
the genetic comstitution of the stock. Thus, as Howard (1949) pointedzout, because
day-length reactions for tuber formation must be determined by the tops, scions of a
variety tolerant of long days must infiuence the tuber vield of a short-day stock. And
it is also to he expected that the tubers formed velatively early in the growing scason
by the plants grafted with scions tolerant of long days will differ from those produced
relatively late on non-grafted plants. Hence the effects such as shorter times to
emergence and to flowering in the year following grafting occur. These effects should
not last for more than one year, and this was usually found to be so. In addition, as
was also observed, ihe effects should be less for late than for early planting.

Filippov (1940) reported that plants from grafis which were again grafted with similar
scions showed effects more pranounced still after the second treatment. 'The results
given in this paper show that this was found often for yield of tubers but not for earliness
of emergence and of flowering. The effect on tubel vield (Table 5 iz due to an in-
ereased number of tubers. It may be that the effect of the first year grafting is to give
ubers which in the following year produce shoots with more tuber initials. The
second year of grafting would thern lead to these tuber initials producing tubers and not
just growing as stolons as happens when the plants are not grafted.

For one set of grafts, treatment 2 of 1959 in Table 5 and treatment 2 in Table 6,
it is suggested that the stocks hecame virus infected.  This is always a possibility when
working with potatoes and other plants in the Tamily Solanaceae. 1t is difficult to
guard against it, particularly as viruses, such as potato virus 5, may produce {ew or
no symptoms on the [oliage. A

In addition to the early work of Filippov (1938, 1940}, more recent Russian work
(references in Howard, 1960) has suggested that many other changes, including some
for tuber colours, can be obtained by grafting, by eye-excision, ox by the use of phasically
juvenile shoots. It is possible that some of these changes also can be explained on &
physiological basis of differences in maturity of tubers. This could be so, especially
for tuber colours, because certain types of colour develop only late in the growth of -
a tuber (Howard, 1959) and hecause other types have variable phenotypes (Howard,
1962). Other changes may be due to some varictics being periclinal chimeras. But
such explanations will not fit all the resuits obtained in Russia and not repeatable in
other countries. This, of course, also applies to plants other tkan potatoes. Thus,
for example, workers in England (Sachs, 1951 Bateman, 1955) and in Germany (Bohme,

s
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1954; Stubbe, 1954) have found no graft hybridization effects in experiments with
tomatoes. On the other hand it has been found that hereditable changes, all dele-
terious, can be induced in flax by growing the plants under conditions of low fertiiity
(Durrant, 1958; Durrant and Tyson, 1960); negative results from similar experiments
were, however, found for Arabidopsis thaliana (Hill, 1981)., Changes in genotype from
grafting and other treatments may, therefore, be possible oecasionally under certain
special conditions; they do not, however, 'usually occur.

SUMMARY

1. The wild Mexican potato, Sofanum demissum, is a short-day type for tuber formation
and under the long days of an English summer produces few tubers or none.

2. Top-grafted with scions of S. tuberosum varicties tolerant of long days for tuber
formation, S. demissum produces a much higher yield of tubers than when not grafted.

3. The tubers from plants grafted in the previous year produce plants which emerge
and flower ecarlier than those from plants not grafted.

4. Grafting for two years may produce a larger yield of tubers than grafiing for one

vear only.
5. For both time of emergence and time of flowering, grafting in the previous year

was just as effective in most experiments as grafting for two or more years previously.
Also a single year without grafting led to the disappearance of any effects from grafting.
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