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Summary 

The effects of excising stolon apices, or entire stolons, on tuber yield and size distribution were 
examined for Solanum tuberosum L. cv. Record. Excision of the apex of all primary stolons 
did not significantly affect final tuber yield and number, new tubers forming on branches of 
the primary stolon. Complete removal of the primary stolon, leaving only secondary stolons 
at each node, produced large and significant losses in tuber yield and number. Removal of 
tuber initials from the primary stolons significantly reduced yield but not tuber number. 
Although number was unaffected by removal of the primary stolon apex, tuber size grade dis- 
tributions were significantly altered in all stolon excision treatments. The results point to the 
importance of primary stolons as tuber-bearing sites and emphasise the plasticity in tuber for- 
mation at a single node. 

Introduction 

Tuber size grade distribution within a crop can be manipulated by altering plant den- 
sity so as to increase or decrease inter-plant and inter-stem competi t ion (Allen, 1978); 
within a given density a single plant will produce a range of tuber sizes. 

Reports vary as to which factors have a major  influence on tuber number and/or  
size per plant. Wurr (1977) suggested that competi t ion for photosynthate within and 
between nodes greatly influences tuber size, but he did not measure the weight of  
tubers at each node, the variable that is essential for determining competi t ion for as- 
similates between the nodes. Wurr (1977), Gray (1973) and Kahn & Ewing (1984), but 
not Krijthe (1955) and Cother & Cullis (1985) have shown that tubers tend to form 
at nodes closest to the mother  tuber, and although the reason for this basipetal ten- 
dency is unclear, it has been shown not to be due to effects of gravity, proximity to 
the mother  tuber, or to the age of buried buds (Kahn & Ewing, 1985). 

The size of  a tuber may also be influenced by its position of formation within a 
node (Krijthe, 1955). Tubers may form on the tips of  primary stolons (the central sto- 
lon arising from each node), on branches of  the primary stolon, or on secondary sto- 
lons (stolons arising from the same node as the primary stolon, but not as branches). 
Recently, Cother & Cullis (1985) examined the effects of  'stolon pruning'  by Rhizoc- 
tonia solani KiJhn on tuber size distribution in cv. Sebago. They found that stolons 
arising from the top and bot tom nodes of  a stem had the lowest probabilities of  bear- 
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ing harvestable tubers but could bear large numbers when stolons in the middle of  
the stem profile were pruned. These findings indicate that a new 'hierarchy' of  tuber 
sizes can develop when certain stolons are severed from a stem. 

In this report, I show how the potential tuber number  per stem is altered by exci- 
sion of specific stolon apices pre- or post-tuberisation. 

Materials and methods 

Seed tubers ( 4 0 - 4 5  mm) of  cv. Record were planted in the field on 30 April 1985 
at a density of  4 plants m-2.  Two weeks after 50 % emergence the stolons were ex- 
posed by excavating the sides of  the ridges. There were five treatments. 
a) The terminal 1 cm of the pr imary stolon was removed with a scalpel leaving 
potential branch sites and secondary stolons untreated (Fig. la); all visible stolons 
on a plant were treated in this way. 
b) The entire pr imary stolon was removed leaving only secondary stolons intact (Fig. 
lb). 
c) Four weeks after emergence tuber initials which haft formed at the tips of  the 
pr imary stolons were removed, leaving secondary stolons intact (Fig. lc); this treat- 
ment was included to determine the degree to which stolons, which had previously 
tuberised, could subsequently form tubers. 
d) Two weeks after emergence, concurrent with (a) and (b) above, the soil was exca- 
vated from the ridges but the exposed stolons were left untreated for the equivalent 
t ime taken to carry out the stolon removal treatments (soil-removed control); the soil 
was then replaced. 
e) As a second control, a group of plants was left unexcavated and harvested with 
the other groups of  plants. 

There were twenty plants per treatment,  the individual plants being selected with 
random number  tables. All plants were harvested on 10 September. 

Growth analysis 
Individual tuber fresh weights were recorded for each plant and each tuber was size- 
graded. To differentiate between tubers which successfully initiated but failed to 
grow and those which reached harvestable size, a stolon tip was classified as a tuber 
if the sub-apical region was swollen to twice the diameter of  the stolon. 
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Fig. 1. Stolon excision treatments. (a) Removal of primary stolon apex. (b) Complete removal 
of primary stolon. (c) Removal of tuber initial from primary stolon. 
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Stat&tical analysis 
Mean tuber fresh weight and mean tuber number per plant were compared by using 
Student's t-test. Two tailed tests o f  significance were used since it was not known 
whether the imposed treatments would increase of  decrease yield and tuber number 
respectively. Size frequency distributions for the different treatments were compared 
by using the Kolmogorov-Smirnov test (Daniel, 1978), again with two-tailed sig- 
nificance tests. 

Results and discussion 

The effects o f  removing entire stolons, or parts of  stolons, on tuber number and size 
distribution are shown in Fig. 2 ( a - e ) .  Removal o f  the soil, without excision o f  the 
stolons, produced a small but significant reduction in yield but not tuber number 
when compared with the completely untreated controls (Table 1). Because this effect 
was interpreted as arising from temporary disturbance to the root system when 
removing the soil from the ridges, the effects o f  the stolon removal treatments must 
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Fig. 2. Tuber size frequency distributions for stolon excision treatments and controls (details 
of treatments (a)-(e)  are given in 'Materials and methods'). 
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Table 1. Mean tuber yield and tuber number per plant in different stolon excision treatments 
(+- standard error of the mean). Asterisks indicate values which are statistically significantly 
different from the soil-removed control (d). The soil-removed control is compared with the un- 
treated control (e). 

Mean tuber yield Mean tuber number 
per plant per plant 

Treatment 
(a) 831 _+41 19.7+- 1.1 
(b) 484 +- 46 *** I 1.6 _+ 0.9 ** 
(c) 694+76*** 18.0+_ 1.6 

Control 
(d) 906 + 57 * 17.6 +_ 1.6 
(e) 1083 +_46 15.3 +_0.8 

*P<0.05, **P<0.01, ***P<0.001. 

be compared with treatment (d) in which the soil was removed from the ridge, but 
the stolons were untreated. 

In treatment (a), in which the tips of  the pr imary stolons were removed, tuber fresh 
weight and tuber number  per plant were not significantly different from treatment 
(d) in which soil alone was removed from the ridge (Table 1). Tuber initials were re- 
moved from the pr imary stolons 2 weeks after the stolons were removed and this 
treatment significantly reduced tuber yield per plant but did not affect final tuber 
number. By contrast, complete removal of  the pr imary stolons, leaving the secondary 
stolons intact (treatment b), caused a large and significant reduction in both yield 
and tuber number compared with treatment (d) (Table 1). 

Extra plants of  treatment (a), examined 2 weeks after the excision of  the pr imary 
stolon apex, showed considerable lateral branching of  the pruned stolon, several of  
the branches bearing sessile tubers. Apical excision also induced the secondary sto- 
lons to tuberise (Fig. 3). However, a new sink hierarchy appeared to be quickly estab- 
lished and few of the newly-formed tubers grew to reach harvestable size, many (over 
35 %) remaining in the 0 - 1 5  mm size grade (Fig. 2a). Furthermore, the marked 
similarity in final tuber numbers between treatments involving excision of  the 
pr imary stolon apex and the controls (Table 1) suggested that only a single tuber at 
each node became the dominant  sink on the pruned stolon, most of  the newly initiat- 
ed tubers being absorbed or shed before final harvest. Other excision treatments also 
increased tuber numbers in the 0 - 1 5  mm size class (Fig. 2b, c) without influencing 
total tuber number. Cumulative frequency distributions of  individual tuber weights 
were compared by using the Kolmogorov-Smirnov test (Fig. 4). All stolon excision 
treatments produced a highly significant difference in tuber frequency distributions 
relative to the 'only soil removed'  control. 

The results of  this experiment suggest that there is much plasticity in tuber forma- 
tion on a single stem and that there are abundant  secondary sites for tuber forma- 
tion. 

Removal of  soil from the ridges apparently created a disturbance sufficient to re- 
duce final yield but not tuber number  and an interaction between this effect and the 
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Fig. 3. Effect of removing primary stolon apex (treatment a) on tuber formation. The stolon 
was photographed 2 weeks after treatment. Tubers are borne on primary branch sites and on 
secondary stolons. 

treatments imposed is a possible contr ibutory factor to the reduced yields seen in the 
stolon excision treatments (b) and (c). It is thus essential to include an 'only soil re- 
moved'  control in experiments involving tuber growth in situ. 

Excision of the pr imary stolon apex did not affect final tuber number but it greatly 
influenced the frequency distribution of tuber sizes (weights) and these results point 
to the importance of the primary stolons at each node as potential tuber bearing 
sites. A treatment as extreme as removing all of  the apices from growing primary sto- 
lons resulted in neither a significant reduction in tuber yield nor in tuber numbers 
provided that the stolons were lost early in the growth of  the plants. These findings 
are in agreement with those of Cother & Cullis (1985) who found that pruning of  
stolons by R. solani  resulted in no significant yield loss in cv. Sebago, new initials 
branching from pruned stolons escaped infection and continued to grow. Our results 
show, further, that although removal of  the tuber initials from primary stolons 
caused a significant yield reduction, it did not affect final tuber number. This result 
could be explained if a single branch site became the dominant  sink at a particular 
node but the new tubers had insufficient time to grow relative to controls. Damage 
to the primary stolons thus removed all potential branch sites and caused severe 
reductions in tuber yield and number indicating that secondary stolons are not effec- 
tive in bearing tubers. 

The similarity in final tuber numbers between treatments a and c, in which the sto- 
lon apex was removed, and d, the soil-removed control, suggests that it is unlikely 
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Fig. 4. Cumulative frequency distributions of tuber size for treatments (a)-(c) and the soil- 
removed control (d). The vertical bar represents the Kolmogorov-Smirnov quartile for the 
comparison between treatments (b) and (d). The distributions are significantly different 
(P<0.05) where their curves are separated by this distance. 

that mechanical or biological removal of  dominant  tuber sites could lead to an effec- 
tive increase in marketable ( >  35 ram) tuber numbers, apical dominance at a particu- 
lar node being restored following excision of the stolon apical meristem. It is physio- 
logically possible but chemically improbable that a growth regulator might be 
synthesised that could inhibit selectively the activity of  certain stolon apices and so 
influence final tuber number. 
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