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CHANGES IN ENDOGENOUS ABSCISIC ACID, SOLUBLE 
SUGARS AND PROLINE LEVELS DURING TUBER DORMANCY 

IN S O L A N U M  T U B E R O S U M  L. 

W.K. Coleman and R.R. King 1 

Abstract 

Abscisic acid (ABA), sucrose, reducing sugars and proline contents 
were monitored over an eleven-month period in tubers of  three potato culti- 
vats that varied in tuber dormancy. ABA and proline levels increased after 
top pulling the haulms and were not affected by harvest date. Proline did not 
change in either a storage temperature or cultivar-specific manner. The high- 
est concentrations of  ABA were found in tubers stored at 2°C while the low- 
est concentrations occurred in tubers stored at 20°C. At 10°C, the end of  
tuber dormancy in the cultivars Kennebec and Nooksack (but not Sebago) 
coincided with the decline in ABA content. There was no evidence of  a 
threshold concentration of ABA below which sprouting would occur. Tuber 
samples of  10 different cultivars were removed from 10°C and placed in 
20°C storage (in darkness). Initial ABA concentrations (i.e., at the time of  
removal from 10°C storage) were positively correlated with duration of  dor- 
mancy and negatively correlated with subsequent rates of  sprout elongation 
at 20°C. Sucrose content was negatively correlated with duration of  dor- 
mancy. Reducing sugars responded primarily to storage temperature and 
did not appear to be related to dormancy or sprouting. 

Resumen 

El contenido de ~tcido abscisico (ABA) sucrosa, azflcares reductores y 
prolina fueron manipulados por un periodo de 11 meses en tub6rculos de 3 
variedades de papa que mostraban una considerable variaci6n en dorman- 
cia del tub6rculo. Los niveles de ABA y prolina se incrementaron despu6s de 
defoliar la parte superior de la planta y no fueron afectadas por la fecha de 
cosecha. El contenido de prolina no cambi6 al variar ya sea la temperatura 
de almacenamiento o el cultivar. Las concentraciones mhs altas de ABA 
fueron encontradas en tub6rculos almacenados a 2°C mientras que las con- 
centraciones mhs bajas ocurrieron en tub6rculos almacenados a 20°C. A 
10°C el t6rmino de la dormancia en los tub6rculos en los cultivares Kennebec 
& Nooksack (no Sebago) coincidi6 con disminuci6n en el contenido de ABA. 
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No hubo evidencia de una concentraci6n minima de ABA por  debajo de la 
cual ocurriria brotaci6n de los tub6rculos Muestras de tub6rculos de 10 di- 
ferentes cultivares fueron llevadas de 10°C a 20°C de tempera tura  de alma- 
cenamiento (en oscuridad). Las concentraciones iniciales de ABA fueron 
correlacionadas posit ivamente con la duraci6n del periodo de dormancia  y 
negativamente con las tasas subsecuentes de alargamiento de brotes a 20°C. 
E1 contenido de sucrosa mostr6  correlaci6n negativa con la duraci6n de la 
dormancia.  Los az~cares reductores fueron principalmente afectadas por  la 
temperatura  de almacenamiento y aparentemente no most ra ron  relaci6n 
con la dormancia  o brotaci6n. 

Introduction 

Recently harvested potato tubers have an internal dormancy  which pre- 
vents sprout growth f rom occurring in environmentally favorable condi- 
tions. This variable and cultivar-specific dormancy has been shown to be 
closely related to the content of  the acidic inhibitor/3 complex (7, 9, 10, 11, 
12, 13, 14). Studies have indicated that abscisic acid (ABA) is a component  
of  the inhibitor complex and may be one of  the main components  that pre- 
vent sprout growth in tubers during dormancy (16). Additional support  for 
ABA's  regulatory role in tuber dormancy is evident in various reports which 
demonstrate  an inhibitory effect by exogenous ABA on sprout growth from 
non-dormant  tubers (3, 6, 25). Although limited evidence indicates that en- 
dogenous ABA levels decrease upon the completion of  dormancy  (16), long- 
term studies involving different cultivars under different storage environ- 
ments are lacking and as a consequence, our knowledge of  ABA's  role in 
the regulation of  the different facets of  tuber dormancy is unclear. 

The purpose of  the present work was to examine the quantitative inter- 
relationships among endogenous ABA, sucrose, reducing sugars, proline, 
duration of dormancy and sprouting activity. 

Materials and Methods 

Plant Material and Tuber Handling 
During the summer of  1981, seed potatoes were produced f rom certified 

stocks of  Sebago (a short dormancy type), Kennebec (intermediate dorman-  
cy) and Nooksack (long dormancy).  Two weeks after top pulling the haulms 
in early September,  tubers were dug and placed in storage at 15°C and rela- 
tive humidity >__90°70 for approximately four weeks. Subsequent storage 
was at 2 °, 10 ° or 20°C. Tubers were sampled at various times prior to and 
after top pull over an 11-month period for chemical analyses or evaluation 
of  sprouting characteristics at 20°C under continuous darkness. Length of  
the longest sprout was used to estimate sprout development (26). 

In order to evaluate the presence of  any significant correlations among 
the various parameters,  tubers f rom 10 cultivars (Norchip, Tobique, Bintje, 
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Caribe, Beileisle, Russet Burbank,  Shepody, Jemseg, Fundy and Red Pon- 
tiac) were removed f rom 10°C after 2 months '  storage and analyzed for 
ABA, sucrose and reducing sugars. Duplicate tuber samples were placed in 
a dark 20°C incubator and duration of  dormancy  (i.e., time to 50% tuber 
sprouting) and sprout growth rate noted. Correlation analyses and subse- 
quent path analysis (17) were per formed on the data.  

A separate experiment was carried out in 1982 to determine the effects 
of  top pull date and harvest date on subsequent duration of  dormancy in 
Kennebec. Plants were top pulled on three different dates and three harvests 
were carried out for each top pull date at two-week intervals. At harvest,  
tubers were analyzed for proline and ABA content while duplicate samples 
were placed in a dark 20°C incubator and duration of dormancy recorded. 

Extraction and Assay of  Sugars and Proline 
Six tubers f rom each sample were chopped finely and used for analysis. 

Four 1.0 g samples were prepared and analyzed for proline according to the 
method of  Bates et al. (2). Two hundred gram samples were prepared and 
analyzed for sucrose according to the method of  Sowokinos (24). Reducing 
sugars were analyzed according to the method of  Lindsay (18). All tubers 
which had sprouted were de-sprouted before analysis and results were ex- 
pressed as mg carbohydrate or txg proline per g fresh weight of  tuber tissue. 

Extraction and Assay of  A bscisic Acid 
Abscisic acid was extracted in methanol  (25 g fresh weight/100 ml meth- 

anol) using a modified solvent partitioning method of  Milborrow (19). For 
separation and identification of  ABA, a Tracor  222 gas chromatograph  
equipped with electron-capture 63Ni detector (with linearizer) and a 1.8 m x 
4 mm i.d. glass column packed with 3% OV-275 on 80-100 mesh H.P .  
Chromosorb  W was used. The operating parameters  were: injection port ,  
225°C; column, 220°C; detector, 300°C; and 5% methane-argon flow rate, 
60 ml /min .  Under these conditions, methylated ABA (derivatized by diazo- 
methane) had a retention time of  4.6 min. Internal ABA standards indicated 
a consistent recovery of  80-90% and the presumptive ABA peaks of the 
potato extracts were confirmed by GC-MS and peak changes induced by 
UV-induced isomerization of methylated ABA. 

Results 
Fresh weight changes during the 11 months were slight except at 20°C 

where considerable water loss led to an increased percentage of  dry matter  
(Fig. 1). 

An examinat ion of  " f r e e "  ABA levels in Sebago, Kennebec and 
Nooksack (Fig. 2) revealed that top pulling was important  for initiating a 
pronounced increase in ABA levels. Harvest  date had no effect. Low storage 
temperature led to increased ABA levels. (In Fig. 2, note scale differences in 
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FIG. 1. Changes in percentage dry matter (% DM) during storage of tubers at 3 different 
temperatures. T = top pull date; H = harvest date; S = tubers removed from 12-14 ° C "cur ing"  
and placed into storage at 3 different temperatures (2 °, 10 ° or 20°C). 
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FIG. 2. Changes  in A B A  during storage. Note ordinate scale for 2°C. Unlabelled arrows refer 
to the first indication of  tubers sprouting (i .e. ,  cessation of  dormancy).  See Fig. 1 for legend• 
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ABA conten t  at 2 ° and  10°C). A B A  conten t  at 2°C was positively correlated 
with dura t ion  of  d o r m a n c y  over m o s t  of  the post harvest  and  storage period 
while the in i t ia t ion  of  sprout ing  appeared to coincide with a decrease in A B A  
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content in Nooksack and Kennebec but not in Sebago at 10°C storage. There 
was no evidence of  a threshold concentration of ABA below which sprouting 
would occur. 

Sucrose and reducing sugar levels were primarily influenced by storage 
temperature in a cultivar-specific fashion (Figs. 3 and 4). "Senescence sweet- 

.30 2 ° C 

2 0  ~ . "~ .... . . . . . . . .  
• . . . . . . .  

I 0  /ff S E B A G O  . 

~7' N O ; K S A C K  . . . . . . . .  

T H s h  

= ' I 1 ! l t | | I I 
( 5  O , , , , , , , , , 

i O ° C  
2O 

03 
13/ 
< I0 
(,.9 
: )  T H S .... ~'. 

% . .  o . °  ° 

I.iJ 

rr  II 2 0 C  

I0 

T H S 

0 iO 20  T I M  E30 WEE4~S 5 0  6 0  

FIG. 4. Changes in reducing sugars during storage. See Fig. 1 for legend. 
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e n i n g "  (i.e., increas ing sucrose  content)  was evident  a f te r  a p p r o x i m a t e l y  38 

weeks '  s to rage  at  20°C.  
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Pro l ine  levels changed in the cultivars (Fig. 5) and  indicated that  top 
pull  date was impor t an t  for ini t ia t ing a consis tent  increase in prol ine  levels. 

Harvest  date had no  effect. Low tempera ture  storage (i.e., 2 ° and  10°C) did 
no t  lead to increased prol ine levels and  changes in prol ine  con ten t  did no t  

reflect changes in the du ra t ion  of  d o r m a n c y  or the in i t ia t ion  of  sprout ing .  
A n  eva lua t ion  of  the presence of  any  signif icant  corre la t ions  a m o n g  the 

var ious parameters  in tubers  f rom 10 cult ivars (Table  1) indica ted  that  en- 
dogenous  A B A  levels were positively correlated with du ra t ion  of  d o r m a n c y  

(r = + .60) a l though this result  was not  s ignif icant  at the 5% level (r = + .63). 
However ,  endogenous  A B A  levels were negatively correlated with subse- 
quen t  mean  sprout  growth rate. Addi t iona l ly ,  sucrose conten t  was negatively 
correlated with d o r m a n c y  du ra t ion  while the du ra t ion  of  d o r m a n c y  was neg- 

atively correlated with sprout  growth rate. 

TABLE 1. - -  Correlation matrix of  ABA, sucrose, reducing sugars, sprout 
growth rate and dormancy duration for 10 different cuttivars after 

storage for 2 months at IO°C 

ABA Sucrose Reducing Sprout 
content content sugars growth rate 

ABA content 
Sucrose content -.27 - -  
Reducing sugars - .26 + .75* --  
Sprout growth rate -.87* + .45 + .23 - -  
Dormancy duration + .60 - .73* - .  14 - .77* 

*Significant at 5% level. 

TABLE 2. - -  Effect of  top pull and harvest dates on tuber 
dormancy in Kennebec. 

Duration 
Initial ABA Initial proline of 

Top pull Harvest content content dormancy* 
date date (g.g-~. ~ l  t,,-,, F.W.) (days) 

July 30 July 30 .022 113.2 125 
July 30 Aug 13 .036 124.8 120 
July 30 Aug 27 .057 177.6 125 

Aug 20 Aug 20 .010 84.4 126 
Aug 20 Sept 3 - -  200.5 127 
Aug 20 Sept 17 .027 156.5 128 

Sept 10 Sept 10 .025 149.2 132 
Sept 10 Sept 24 .060 225.3 128 
Sept 10 Oct 8 .058 172.8 128 

*Time to 50% sprouting. 

The effects of top pull  and  harvest  dates on  subsequent  dura t ion  of  dor- 
mancy  in Kennebec  were studied. Pro l ine  and  A B A  conten t  were also deter- 
mined  at the t ime of  lifting. Harvest  date had no effect on  do rmancy  dura-  
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tion while top pull date significantly affected dormancy  duration (p < 0.10) 
when evaluated by the Friedman two-way analysis of  variance (22). 

When top pull date was delayed by up to 42 days, dormancy was pro- 
longed up to an additional 12 days (Table 2). Top  pull and harvest dates had 
no significant effects on initial proline or ABA contents. However,  proline 
and ABA levels were significantly and positively correlated ( +  .87, p <  .05) 
although they were not correlated with the duration of  dormancy  or subse- 
quent sprout growth rate. 

D i s c u s s i o n  

The experimental results described in this paper  (see Table 1) can be 
described in a hypothetical relationship using a " p a t h  d iagram"  (Fig. 6). 
Although it must be emphasized that no "cause  and effect"  can be assigned 
by this method,  path analysis is a useful descriptive tool for the development 
of  plausible interrelationships. The path coefficients indicate that sucrose 
content showed a stronger influence than ABA on the duration of dormancy.  

Residual (I) 

.44 

ABA ~ Duration of dormancy 

- . 6 3  

- . 2 7  - . 4 0  

\ 
- . 0 1  

S~crose content ~ Sprout growth 

Residual (II) 

FIG. 6. Path analysis diagram for 10 cultivars showing the hypothetical interrelationships be- 
tween the different variables and their path coefficients. The double arrow means "correlation" 
whereas the single arrow indicates hypothetical "causation". 
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Abscisic acid showed a strong, negative influence on sprout growth, 
supporting previous experiments in which exogenous ABA inhibited potato  
sprout growth (3, 6, 25). However,  ABA showed a weak, negative influence 
on sprout growth via duration of  dormancy when measured by .44 x ( - .4) = 
- . 1 7 .  

Sucrose had no direct influence on sprout growth. Rather,  it had a weak 
influence on growth through its apparent  effects on duration of  dormancy.  

The degree of  determination of  ABA, sucrose content and duration of  
dormancy on sprout growth is quite high at R z -- 87°7o. However,  the degree 
of  determination of  ABA and sucrose content on duration of  dormancy  is 
R2= 70°7o. This result suggests that there must be other factors involved in 
controlling the duration of  dormancy and previous research (e.g., 3, 8) sup- 
ports this conclusion. Since duration of  dormancy is based on visible sprout 
growth, the dormancy duration may be a secondary outcome of  ABA' s  
pr imary role in the inhibition of sprout growth. Consequently,  the existing 
system does not allow us to distinguish between the two proposed ABA ef- 
fects. We may have to redefine the concept of  dormancy in the pota to  tuber. 

It is possible that both bud and tuber storage tissues exhibit indepen- 
dent dormancy characteristics (1) which would account for the observations 
that soluble sugar increases can be disassociated f rom the termination of  
dormancy and tuber sprouting in response to various chemicals (e.g., 4, 20). 
Although sucrose content is negatively correlated with dormancy duration 
(Table 1), the role of  sucrose in physiological aging remains to be explored. 

The initial increases in ABA and proline content in response to top pull- 
ing are similar and are probably indicative of  a stress response induced by 
top removal.  The significant positive correlation between these substances 
(Table 2; r =  + .87, p <  .05) during and after  top pull may be due to proline 
accumulat ion caused by ABA (15, 21). The increase in ABA may  also play a 
role in the suberization phase of periderm development (5, 23). 

I f  ABA is an important  factor in the control of  dormancy duration and 
rate of  sprout growth, then top pull date may be an important  factor in the 
timing of  tuber dormancy since it initiates the ABA increase during the pre- 
harvest and early post-harvest periods. The present results (Table 2) indicate 
that top pull date has a small but significant effect on the duration of  dor- 
mancy. Previous research has indicated that the time of defoliation is im- 
portant  in the timing of  tuber dormancy (27). Further research is necessary 
to determine whether ABA is the unknown controlling " internal  f ac to r"  
mentioned by Wurr.  
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