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Summary 

Histochemical evaluation of the wound-induced suberization and periderm formation, the pro- 
cesses of wound healing, in potato tubers (Solanum tuberosum L.) showed that both the processes 
occur most rapidly at 25 o C. W ound-healing is delayed at 10 or 15 ~ C while a temperature of 35 ~ C 
prevented periderm formation and retarded suberization. Gamma irradiation up to 100 Gy, the 
optimal dose for sprout inhibition, did not affect suberization, which suggests that the DNA-repli- 
cating mechanism is more radiation-sensitive than suberin biosynthesis. A dose of 20 to 30 Gy, 
which had no effect on sprouting inhibited wound periderm formation indicating that meristems in 
resting buds are apparently less sensitive to irradiation than nuclei of the potential periderm cells. It 
seems probable that a major cause for the bacterial soft rot occurring in tubers when stored under 
high tropical ambient temperatures or when irradiated for sprout inhibition is due to an impair- 
ment of the wound periderm formation. 

Introduction 

A major  factor limiting the storage of  potato  tubers under tropical ambient conditions is 
bacterial soft rot. In a recent study with several Indian cultivars, losses of  30 to 70 % were 
caused by Erwinia carotovora soft rot during 2 to 4 months  storage at 27 to 32 ~  
(Thomas  et al., 1979). Apar t  f rom the infection through the lenticels (P~rembelon, 1973) 
wounds inflicted on the tubers during harvest, handling and transport  can provide easy 
access for the entry of  rot producing pathogens. 

Losses due to diseases and desiccation can be minimized by proper wound healing as 
soon as potatoes are harvested and placed in storage. The wound healing process 
involves suber iza t ion-  deposition of  suberin, a lipid-phenolic polymer (Mader,  1958; 
Dean & Kolat tukudy,  1977) on cell layers below the wound surface - followed by 
format ion of  wound periderm or cork. There are disagreements in the literature regard- 
ing the optimal temperature for wound-healing of potato  tubers. According to Smith 
(1968) a temperature of 10 to 15 ~ C and high humidity (R H) hastens periderm formation 
whereas 24 ~  and a RH above 80 % was found to be optimal by others (Priestly & 
Woffendon,  1923; Smith & Smart,  1955; Ali et al., 1975; Miller, 1980). 
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G a m m a  irradiation at sprout-inhibiting doses (I00 Gy)* has been reported to suppress 
wound periderm formation in potatoes (Penner, 1970) though suberization was not 
affected (Thomas & Delincbe, 1979). Irradiated potatoes generally show an increased 
tendency to microbial spoilage (EI-Sayed, 1975; Thomas et al., 1979). The studies 
reported here were undertaken to gain more information on the influence of the high 
tropical ambient temperatures on wound healing of potato tubers and also to determine 
the minimum irradiation dose required for inhibition of wound-periderm development. 

Materials  and m e t h o d s  

Freshly harvested potatoes of cv. Kufri Chandramukhi were obtained from the local 
market. The tubers were irradiated in a Cobalt-60 G a m m a  Cell 220 in air to doses of 5, 
10, 20, 30, 40, 50 and 100 Gy. The irradiated and non-irradiated control tubers were 
stored at 15 ~ 80-85 % RH for one week before they were cut into two equal halves 
along the longitudinal axis of the tuber. 

The cut tuber halves were placed immediately in perforated polyethylene bags of 150 
gauge (45 cm X 30 cm with 36 4-mm equidistant holes). The RH inside the bags was 
maintained at ca. 90 % by keeping petridishes containing distilled water in them. The 
rates of suberization and periderm formation in tuber halves keptinside the polyethylene 
bags were found to be similar to tuber halves kept inside a 14-1itre glass desiccator 
through which humidified air was passed at a rate of 1 litre per hour. 

The effect of temperature on suberization and periderm formation was studied by 
placing tuber halves in polyethylene bags at 10, 15, 20, 25, 28-30 and 35 ~ 

Histochemical  evaluation 
For  histological examination of suberization and periderm formation, tuber halves 
allowed to suberize for different periods were used. Preparation of tissue slices and 
staining were carried out according to the procedure of Nielsen (1973). Free hand 
sections, 0.5 mm to I mm thick were cut at right angles to the wound surface with a razor 
blade and transferred into FAA (50 ml 95 % ethyl alcohol + 5 ml glacial acetic acid + 
I0 ml formaldehyde 38~,0 % + 35 ml water) and left for one hour before transfer to the 
staining solution. 

Staining 
For qualitative evaluation of suberization, tissue slices were stained using Sudan III and 
O-toluidine blue. 1% (m/v)  of Sudan III in ethyl alcohol was mixed with FAA in the 
ratio of 1:20 for staining the tissue slices. O-toluidine blue, was used as a 0.05 % solution 
in water (Borchert et al., 1974). The extent of suberization and the development of 
periderm were determined microscopically. A minimum of 5 tissue sections stained with 
each of the dyes were examined at each time for each of the different treatments. 
Suberized cell walls appear bright red after staining with Sudan III  while non-suberized 
cells do not stain. O-toluidine blue stains suberized cell walls blue, and normal cell walls 
purple. 

*The gray (Gy) is the SI unit of irradiation; I Gy = 100 rad = 0.1 krad. 
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P o l y p h e n o f i c s  

Polyphenol ic  compounds  present in the first 1-mm tissue layer below the wound surface 
(5 g fresh tissue pooled from 3 tuber halves of similar size) were extracted with 85 % 
aqueous ethyl alcohol and the quant i ty  in the centrifuged supernatant  was estimated 
using the Fol in-Denis  reagent (Swain & Hills, 1959). 

The experiments were repeated at least three times and result presented are based on a 
typical experiment.  

Results 

I n f l u e n c e  o f  t e m p e r a t u r e  o n  s u b e r i z a t i o n  a n d  p e r i d e r m  f o r m a t i o n  
The m i n i m u m  time required for histochemical evidence of suberization and periderm 
format ion at various temperatures is shown in Table 1. Both suberization and periderm 
development  proceeded faster at 25 ~  than at 10, 15, 20 or 35 ~ Deposi t ion of 

Table 1. Influence of storage temperature on rate ofsuberization and wound periderm formation. 

Time in days I 

10 ~ 15 ~ 20 ~ 25 ~ 28-30 ~ 35 ~ 

Days to initial indication of suberin 7 2 2 I 1 2 
deposition on outer cell layer 2 
Days to clear cut evidence of 16 9 4 3 4 7 
suberized cell layers (2-4 cell layers) 3 
Days to initial evidence of dividing 16 6 3 2 3 - 
cells 4 
Days to clear cut evidence of wound - 11 4 3 4 - 
periderm 5 
Days to initial indication of - 16 7 4 4 - 
suberization of wound periderm 
cells 6 
Minimum storage period required - 7-8 4 3 3-4 - 
after slicing, to strip off the suberized 
cell layers from the wound surface 7 

I Zeit  in Tagen - Durbe en jours;  z Zahl  der Tage bis zu den ersten Anzeichen einer 
Suberinanlagerung in den iiusseren Zellschichten - Durbe avant indication initiale d'un dkpOt de 
subbrine sur la couche cellulaire externe; 3 Zahl  der Tage his zum deutlichen Nachweis 
suberinisierter Zellschichten (2-4 Zellschichten) - Durbe avant bvidence nette des couches 
cellulaires subbrisbes (2~I couches de cellules); 4 Zahl  der Tage bis zu den ersten Anzeichen sich 
teilender Zellen - Durbe avant premibre observation de division des cellules; 5 Zahl  der Tage bis 
zum  deutlichen Nachweis  von Wundper iderm - Durbe avant bvidence nette d'un pbriderme de 
cicatrisation; 6 Zahl  der Tage bis zu den ersten Anzeichen der Suberinbi ldung in der Wundperi-  
dermzellen - Durbe avant indication initiale d'une subbrisation des cellules de pbriderme; 
7 Kiirzeste Lagerungsperiode nach dem Schneiden, die erforderlich ist, um die suberinisierten 
Zellschichten vom Wundper iderm abzustreifen - Durbe de conservation minima& aprbs coupure 
du tubercule, pour  dbtacher la couche subbrisbe de la surface endommagbe 

Tabelle 1. Einfluss der Lagerungstemperatur auf die Geschwindigkeit der Suberinisierung und 
Wundperidermbildung. 
Tableau 1. Influence de la temperature de conservation sur la vitesse de subbrisation et la 
formation de p6riderme de cicatrisation. 
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stainable material (suberin) on the outer parenchyma cells was observed after one day 
and periderm initiation after 2 days in tuber halves at 25 ~ At this temperature, 3-4 
suberized cell layers below the wound surface and a cont inuous and well formed 
periderm comprising 4 to 6 layers of  elongated cells beneath the suberized cells was 
evident 4 to 5 days after cutting(Fig. 1 ). On  further storage deposition of  suberin was also 
noticed on the cell walls of  the newly formed periderm layer. In tuber halves kept at 20 
and 28-30 ~ suberization and periderm development proceeded rather slowly whereas 
at 15 and I0 ~ both suberization and periderm formation was considerably delayed. 
After 15 days at 15 ~  there was a well formed periderm consisting of  3-5 cell layers 

Fig. 1. Histological changes during wound healing of gamma-irradiated and non-irradiated potato 
tubers stored at 25 ~ 
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Abb. 1. Histologische Veriinderungen wiihrend der Wundheilung bestrahlter und unbestrahher 
Kartoffelknollen, Lagerung bei 25 o C. 
Fig. 1. Changements histologiques pendant la cicatrisation de tubercules irradibs et non irradibs, 
conservbs it 25 o C. 
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whereas at 10 ~ it was a discontinuous layer consisting of only 2 to 3 cell layers. At 
35 ~ periderm formation was inhibited and suberization was retarded. 

Effect o f  irradiation on suberization and periderm development 
Histochemical observations showed that suberization progressed at a similar rate in 
tuber halves of control tubers and in tubers irradiated to doses ranging from 5 to 100 Gy 
of gamma rays and stored at 25 ~ C. However, the formation of the wound periderm was 
inhibited by doses as low as 20 to 30 Gy, In tubers subjected to 5 and 10 Gy, the wound 
periderm layer often showed discontinuity with the presence of occasional large parch- 

Fig. 2. Pattern of polyphenol.formation in suberizing tissue layers of wounded potato tubers as 
affected by temperature. 
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A bb, 2. Einfluss der Temperatur aufdie Polyphenolbildung in den suberinisierten Zellschiehten 
verletzter Kartoffelknollen. 
Fig. 2. Evolution de la teneur en polyphknols clans des couches se tubbrisant aprks endommage- 
ment des tissus, en fonction de la tempbrature des tubercules. 
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chyma cells (Fig. 1 ). The newly formed wound periderm layer in control tubers could be 
easily stripped off the wound surface whereas in tubers irradiated to 20 Gy and above it 
could not be removed easily. 

P o l y p h e n o l  a c c u m u l a t i o n  d u r i n g  w o u n d - h e a l i n g  

The time-course of formation of polyphenolic compounds as a function of storage 
temperature in Fig. 2 shows that the rate of polyphenol formation was of a similar 
magnitude in tuber halves stored at 20, 25 and 28-30 o C as compared to a slower rate at 
15 and 10 o C whereas at 35 o C it was considerably reduced. A comparative evaluation of 
polyphenolics in 14-day suberized tuber halves showed higher levels of polyphenolics in 
irradiated than in non-irradiated control tuber (Table 3). 

Starch degradation as evidenced by disappearance of starch granules in parenchyma 
cells below the wound surface was visible under the microscope 24 h after slicing the 
tubers and this was not affected by the irradiation dose. 

Discussion 

Suberin is thought to play a key role in preventing weight loss (Kolattukudy & Dean, 
1974; Soliday et al., 1979) and decay (Fox et al., 1971) of potato tubers while the cork 
layer acts as a barrier that is not usually penetrable by the pathogen (Agrios, 1969). The 
results of this study provide evidence for deposition of suberin within 24 h of slicing in 

Table 2. Effect of gamma irradiation on suberization and periderm development in potato tuber 
halves at25 ~ 90-95 % RH. 

Treatment ~ Number of cell 
layers stained 2 

Number of periderm cells observed 4 

Day 4 Day 10 
Day 3 Day 10 

Control 5 3-4 4-5 4-5, continuous cell layers 6 4-6, continous cell layers 
5 Gy 3-4 4-5 4-5, almost continuous cell 4-5, almost continuous cell 

layers with occasional break 7 layers with occasional break 
10 Gy 3-4 4-5 3-4, discontinuous cell layers 8 3-4, discontinuous cell 

layers 
20 Gy 3-4 3-4 2-3, discontinuous cell layers 2-3, discontinuous cell 

layers 
30 Gy 3-4 3-4 No periderm developed 9 No periderm developed 

- 50 Gy 3-4 3-4 No periderm developed No periderm developed 
100 Gy 3-4 3-4 No periderm developed No periderm developed 

t B e h a n d l u n g  - Tra i tement ;  2 Z a h l  der  ange3~rbten Ze l l sch ich ten  - N o m b r e  de  couches  cellulaires 
colorkes; 3 Tag - Jour ,  "4 Z a h l  der  beobach te t en  Per idermze l l en  - N o m b r e  de  cellules de p k r i d e r m e  
observbes;  5 K o n t r o l l e  - Tkmoin ;  6 D u r c h g e h e n d e  Ze l l sch ich ten  - Couches  cellulaires cont inues;  
7 Fast  d u r c h g e h e n d e  Ze l l sch ich ten  mi t  Bri ichen an versch iedenen  S te l len  - C o u c h e s  cellulaires 
con t inues  dans  l 'ensemble,  avec que lques  ruptures;  8 Un te rbrochene  Ze l l sch ich ten  - Couches  
cellulaires d iscont inues;  9 Ke ine  P e r i d e r m b i l d u n g  - P & i d e r m e  n o n  dbve loppk  

Tabelle 2. Einfluss der Bestrahlung auf die Suberinisierung und Peridermentwicklung in 
Kartoffelknollenhiilften bei 25 ~ 90-95 % rLf. 
Tableau 2. Effet d'une irradiation gamma sur la sub6risation et le d~veloppement d'un p6riderme 
sur des moiti~s de tubercules h 25 ~ 90-95 % HR. 
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Table 3. Polyphenolics content of suberized cell layers below the wound surface as affected by 
gamma irradiation.* 

Treatment I Polyphenolics (mg/g Increase over 
fresh tissue) 2 control value 3 (%) 

Control 4 2.85 • 0.15 
I0 Gy 3.29 • 0.03 15.4 
30 Gy 3.19 + 0.01 10.6 
50 Gy 4.14 • 0.10 45.2 

100 Gy 3.38 • 0.06 18.8 

*The first I mm thick layer below the wound surface was used for the estimation of polyphenolics. 
Tuber halves were allowed to suberize at 25 ~ Values are mean of two independent estimations 
-Fiir  die Bestimmung der Polyphenole wurde die erste 1 mm dicke Zellschicht unter der 
Wundoberfliiche verwendet. Die Suberinisierung der Knollenhiilften erfolgte be• ~ C. Die Werte 
sind Mittelwerte aus 2 unabhiingigen Bestimmungen - La premibre couche d'l mm d'kpaisseur 
sous la surface endommagke a servi h I'estimation de la teneur en polyphbnols. Les moitibs de 
tubercules ont pu  subbriser h 25 ~ C. Les valeurs sont une moyenne de 2 estimations indbpendantes. 

t Behandlung - Traitement; 2 Frischgewicht - Tissu frais; s Steigerung gegeniiber der Kontrolle 
-Augmentat ion par rapport au tbmoin; 4 Kontrolle - Tbmoin 

Tabelle 3. Einfluss der Bestrahlung auf den Polyphenolgehalt der suberinisierten Zellschichten 
unter der Wundoberfl~iche. 
Tableau 3. Teneur en polyphSnols apr~s irradiation gamma des couches cellulaires subSrisSes sous 
la surface d'endommagement. 

tubers kept at 25 ~ which agrees with similar observations by others (Artschwager, 
1927; Borchert & Mcchesney, 1973; Ali et al, 1975). Our results also show that suberiza- 
tion and periderm development occur most rapidly at 25 ~ Though both these pro- 
cesses are not much affected up to 28-30 ~ a temperature of 35 ~ prevented w o u n d  
periderm development and retarded suberization. This confirms the earlier observations 
of Artschwager (1979). 

Although quantitation of suberin deposited on cell layers below the wound surface has 
not been carried out, the histochemical evidence indicates that suberization is not 
affected by irradiation up to 100 Gy. This conclusion is supported by the data on the level 
of soluble phenols in the suberizing layers of irradiated tubers since phenolic materials 
are reported to constitute 50 to 75 % of the suberin polymer (Dean & Kolattukudy, 
1977). Our results point to a generally increased accumulation of soluble phenols in 
irradiated tubers in response to cutting, which is contradictory to the observation of 
Ogawa et al. (1968), although it may be attributed to the different methods used for the 
estimation of soluble phenols. 

It is interesting to note that the wound-induced periderm development is prevented by 
irradiation at doses as low as 20 to 30 Gy whereas the minimum dose required for sprout 
inhibition of tubers which were in a dormant state was 50 Gy. Both wound-induced 
periderm development and sprouting involve mitotic activity. Our results indicate that 
meristems in resting buds of potato tubers are apparently less sensitive to irradiation 
than nuclei of the potential periderm cells. The observation that suberized top cell layers 
can be easily stripped off the wound surface of the control tuber halves in comparison to 
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tubers  i r radia ted  to 20 Gy and above  may provide a method for the identif icat ion of  
pota toes  i r radia ted for sprout  inhibit ion.  

The  results of  the present  s tudy indicate that  the high incidence of  bacterial  soft rot 
occurr ing in pota toes  dur ing s torage at t ropical  ambien t  temperatures  may be due to an 
impa i rment  of  the wound healing processes in add i t ion  to the possible enhanced viru- 
lence or  pa thogenic i ty  of  the rot organisms at such temperatures .  S imi lar ly  the increased 
tendency of  i r radia ted pota toes  to microbial  spoilage dur ing s torage may  be a t t r ibuted  to 
the lack of  wound  per iderm fo rma t ion  in add i t ion  to the suppress ion of  natura l  immuni -  
ty due to the reduced capaci ty  of  the tuber  tissues to form phytoalexins  in response to 
infection (EI-Sayed,  1975, 1978). 

Z usammenfassung 

Einfluss yon Temperatur und Bestrahlung auf  die durch Verletzung induzierte Suberin- 
und Peridermentwicklung in Kartoffelknollen 

Um die m6glichen Grtinde ftir den gesteigerten 
mikrobiellen Abbau von Kartoffeln w~ihrend 
der Lagerung unter tropischen Umweltbedin- 
gungen oder nach der Bestrahlung mit R6nt- 
genstrahlen zur Keimhemmung aufzukl~iren, 
wurde der Einfluss yon Temperatur und Be- 
strahlung auf die durch Verletzung induzierte 
Suberin- und Peridermentwicklung untersucht. 

Es zeigte sich, dass sowohl die Suberinisie- 
rung als auch die Peridermentwicklung bei 
25~ schneller verlaufen, w~.hrend sie bei 
10-15 o C verlangsamt sind. Temperaturen tiber 
35~ verhindern die Peridermbildung und 
verzt~gern die Suberinisierung (Tabelle 1 ). Das 
Ausmass der Polyphenolbildung war im 1 mm 
unter der Verletzung bei 20, 25 und 28-30 ~ 
~ihnlich der bei 10 ~ und 15 ~ w~ihrend es bei 
35 ~ verringert war (Abb. 2). 

Histochemische Untersuchungen zeigten, 
dass die S uberinisierung in un best rahlten K nol- 
len und in Knollen, die bis zu I00 Gy erhalten 
hatten, der optimalen Dosis ftir die Keimhem- 
mung, im gleichen Ausmass erfolgte (Tabelle 
2). Aus diesen Ergebnissen wird geschlossen, 
dass der Verdopplungsmechanismus der DNS 
auf Bestrahlung empfindlicher reagiert als die 

R6sum6 

Suberinsynthese. Der Gehalt an Polyphenolen 
in den suberinisierten Zellschichten war in 
bestrahlten Knollen vergleichsweise hi~her 
(Tabelle 3). 20-30Gy an RiSntgenstrahlen 
reichten aus, um die Wundperidermbildung zu 
unterbinden (Tabelle 2 und Abb. 1), w~ihrend 
ftir die Keimhemmung eine Minimaldosis yon 
50 Gy ben6tigt wurde. Das bedeutet, dass die 
Meristeme in den ruhenden Knospen auf die 
Bestrahlung weniger empfindlich reagieren als 
die Kerne in den potentiellen Peridermzellen. 
Die suberinisierten Zellschichten kOnnen von 
der Wundoberfl~iche unbestrahlter Knollen- 
h~lften leicht abgeschoben werden, w~ihrend 
das bei Knollen, die einer Bestrahlung yon 
20 Gy und mehr ausgesetzt waren, nicht rn~g- 
lich ist. Dieser U nterschied kt~nnte als Methode 
zur Identifizierung bestrahlter Knollen ver- 
wendet werden. 

Die Ergebnisse zeigen, dass die Sch~idigung 
der Wundperidermentwicklung ein Haupt- 
grund fur die gesteigerte mikrobielle F~iule von 
Kartoffelknollen w~ihrend der Lagerung bei 
tropischen Temperaturen oder nach Bestrah- 
lung zur Keimhemmung ist. 

Influence de la tempbrature et de l'irradiation sur la subbrisation d'une blessure 
occasionnbe et sur le d~veloppement du pbriderme 

L'influence de la temp6rature et de l'irradiation 
sur la sub6risation d'une blessure occasionn6e 
et sur le d6veloppement du p6riderme a 6t6 
btudi6e, dans le but d'expliquer les d6chets de 

pourritures microbiennes sur des tubercules 
mis en conservation sous des conditions de 
climat tropical ou h la suite d'une exposition 
aux rayons gamma en vue de l'inhibition de la 
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germination, 
Le d~veloppement du p6riderme et la sub6ri- 

sation se sont effectu6s rapidement ~. 25 ~ 
mais les r6actions ont 6t6 retard6es ~ 10 ou 
15 ~ Une temp6rature de 35 ~ a emp~ch6 la 
formation de p6riderme et retard6 la sub6risa- 
tion (tableau 1). Le taux de polyph~nol dans la 
I~re couche d'l mm sous la blessure 6tait 
sensiblement le m~me ~ 10, 15, 20, 25 et 
28-30 ~ mais il avait diminu6 ~ 35 ~ (figure 
2). 

Les r6sultats de l'analyse hystochimique ont 
montr6 que la sub6risation avait progress6 b. 
vitesse 6gale pour des tubercules non-irradi6s et 
des tubercules irradibs b. plus de 100 Gy, dose 
optimale correspondant h l'inhibition de la 
germination. Ces r~sultats suggbrent que le 
m~canisme de r6plication de I'ADN est plus 
sensible b. la radiation que la biosynth~se de la 
sub6rine. Le niveau de polyph~nols dans les 
couches cellulaires en voie de sub6risation 6tait 
plus 61ev6 dans les tubercules irradi6s que dans 
les tubercules non irradi6s (tableau 3). 20 ~. 
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