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Summary 

The rates of respiration of potato tubers in storage were determined with a number of commercial 
cultivars and breeding lines in 1972 and, in a more systematical way, with six commercial cultivars 
in 1973. The ranges of respiration rates in mg CO2 kg -1 h t during the main storage period were 
1.5-4.0 at 2.5~ 1.5-2.5 at 5.0~ 1.0 2.0 at 7.5~ 1.0-3.0 at 10.0~ 1.5- 5.5 at 12.5"C and 2.5 
12.5 at 15.0~ At the start of the storage season, the rates, particularly at 2_5 and 5.0'~C, were 
higher than during the main storage period. During late winter and early spring the rate of respira- 
tion of the tubers stored at the highest temperatures increased considerably. The minimum rates or" 
respiration were found in December, except at 2.5~ when the minimum was in February. The rate 
of respiration was a clear characteristic of the cultivar, independent form both earliness in the field 
and length of dormant period. The rate of respiration increased noticeably when sprouts were at 
least 1 cm long. 

Introduction 

In a previous paper  (Schippers, 1977) many  factors were discussed which have been 
reported to influence the rate of respiration of pota to  tubers dur ing storage. In the 
present publ ica t ion  results of experiments  carried out to elucidate the influence of 
some of these factors will be reported. 

Method of respiration measurement 

For  the de te rmina t ion  of rate of respiration,  samples of potato tubers, which were 
stored in crates, were held in closed containers  for a certain dura t ion  after which an 
air sample was taken and analysed for percentage carbon  dioxide. The conta iners  
were wide mou th  b rown bottles with a measured air volume of 4350 ml. As many  
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tubers as possible were placed in each bottle which meant that the air volume was 
reduced to approximately half. The bottles were closed with a No 14 rubber  stopper 
provided with a plastic sampling tube long enough to reach nearly to the bot tom of 
the bottle. The other end of  the tube, protruding through the stopper, was closed 
with a clip. After several hours a 50-ml all-glass syringe was connected with the 
sampling tube, the clip was opened, the air inside the bottle was mixed by 'pumping" 
the syringe 20 or 30 times vigorously, and an air sample was withdrawn. The air 
sample was transferred to a Lloyd Gas Analyzer, which is an adaptat ion by Lloyd 

(1958) of  the Haldane gas analyzer (Haldane & Graham,  1935), and carbon dioxide 
content of  the air was measured. The rate of  respiration in mg CO2 per kg fresh weight 
per hour was calculated by the formula" 

o /  
/,, CO2 ", 0.01 -: (4250-  volume of  tubers in ml) * 1.85 

numbers of  hours " kg of  tubers 

The factor 1.85 in the formula is to convert the milliliters carbon dioxide into mil- 
ligrams. The volume of  tubers was determined by subtracting the weight of  the tubers 
in water from the weight in air (both in g). This was repeatedly done during the 
storage season after respiration measurements.  

1972. Preliminary experiments of a methodological nature 

1. At what concentration does carbon dioxide in the bottles start to have an inhibiting 
effect on the rate of  respiration to such a degree that the experimental results would 
be affected seriously? In order to investigate this, a sample of tubers of  the cultivar 
Katahdin was placed in a bottle, the bottle was closed and kept at 20 C. The per- 
centage of carbon dioxide was determined in air samples taken periodically from the 
bottle, and in the calculations the necessary corrections were applied for the replace- 
ment of  bottle air by laboratory air. The results are represented by line a in Fig. 1. 
If  all data points are considered, the linear as well as the quadratic influences are 
significant, which means that there was a certain degree of  inhibition in the rate of  
respiration. If  only the first three data points are considered, it seems that the in- 
crease in carbon dioxide content was fairly linear. However,  this cannot be proved 
statistically because of the small number  of  observations. Therefore, the experiment 
was repeated at a later date with one sample of  each of  six varieties. These samples 
had been stored at 15~ and the experiment was done at the same temperature.  The 
tubers showed sprouts of a length of 2 to 5 cm. The results, averaged over all varieties. 
are represented by line b in Fig. 1. In this case the quadratic component  of  the time 
effect was non-significant. 

On the basis of  these results, it seems fair to assume that is is safe to allow the 
o /  

carbon dioxide concentration to accumulate until reaching 3 to 4/o. Therefore, in the 
following experiments, the duration of the carbon dioxide accumulation was chosen 
in such a way that the concentrat ion stayed below 3 ~ .  Usually, however, the con- 
centration did not exceed 2.5~o. 
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Fig. I. Accumulation of carbon dioxide in closed bottles filled with potato tubers. Line a: results 
for cv. Katahdin stored at 20~ Line b: average results for six cultivars stored at 15~ 
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Fig. I. Anhch~/~alg v,m Kohh, ndh,xid in geschh)ssenen, mit Kart<![]i, ln gefiillten, Behdltern. a. Ergeh- 
nisse der Sorte Katahdin, ,~elagert hei 20~'C: h: Mittelwerte ~h,r Ergehnisse yon 6 S~rlen. gehtgert hei 
15'C. 
Fig. 1. Accunmlttlioll de gaz carhonique dans des houleil/es./~,rm~;e.~ contenant des luhercu/es, a: I'a- 
I'i~;t~; Kalahdin conservOe t't 20 ~ C. h: moyellllc rk' 6 variOt~;s cotl.vervOe.~" ~'t 15 o C. 

2. Is the reported influence of tuber size on the rate of respiration of such a magnitude 
that the tuber  size would have to be taken into consideration during sampling if the 
range sizes would be much smaller than employed by Meinl (1967) and Weber-Dahl- 
mann (1957) ? 
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This was studied in eleven varieties. The number of  small tubers in each variety 
ranged from 21 to 29 (average tuber weight 70-100 g), medium tubers from 18 to 22 
(100-130 g) and large tubers from 9 to 13 (160-250 g). The storage temperature 
was 7.5~ 

The average rate of respiration at 7.5~ of the small tubers of  the varieties was 
1.86, of the medium tubers 1.91 and of  the large tubers 1.83 mg CO2 kg-  ~ h -  1. The 
differences were statistically non-significant. There was no significant interaction 
between size and storage duration. It seems that under our conditions the tubers for 
a sample can be chosen at random, at least in the range of  tuber sizes used in this case. 

1972 Main experiments 

Materials and methods 

Cuttivars and storage temperatures. The number of  available tubers did not permit 
testing of  all cultivars at all temperatures. Six cultivars were tested at 2.5, 22 at 5.0, 
30 at 7.5, 13 at 10.0, I0 at 12.5 and 9 at 15.0~ Storage started 12 October 1972, 
after the tubers had been cured at 15-20~ since harvest (14 September). 
Size of samples. The weights of the samples varied from 1950 tot 2100 g, the number 
of tubers from 18 to 22. 
Dates of measurements. Since there were 36 bottles available for more than 150 
samples, the measurements were spread out over five days during each period of 
measurement. These periods wer 20-24 October (after 2 weeks of storage), 22-26 
January (after 15 weeks), 4-8 March (21 weeks) and 6-9 May (30 weeks). Since most 
samples at 12.5 and 15.0~ sprouted strongly, these were discarded after the measure- 
ments in January. 

Results." effects of cultivar, storage temperature and storage duration 

Tubers of 21 cultivars were available, but there were only enough to store them at 
one temperature (7.5~ Table 1 gives the rates of respiration of  the commercial 
cultivars only. The unnamed breeding lines covered the same range of rates. 

The rate of respiration increased slowly in the beginning of  the storage season and 
somewhat faster later on. The increase was mainly linear (F =- 379.5, d.f. 1:60), al- 
though the quadratic component was also highly significant (F = 52.4, d.f. 1:60). 

The highly significant interaction between storage duration and cultivar, apparent 
in the table, was in part due to some irregularities in the results for cv. Hudson (Oc- 
tober being much higher and January being much lower than the average figures) and 
in part by the increase in respiration during the storage season being faster than the 
average for some cultivars (e.g. Caribou and Superior) and slower for others (e.g. 
Katahdin). In most cultivars, however, the increase in rate of respiration ran reason- 
ably parallel to the average. This increase did not show any relationship to the degree 
of sprouting which at that temperature was very slight. At the last date of  measure- 
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Table I. Rate of respiration of potato tubers stored at 7.5~ in 1972 (in mg CO2 kg- ~ h-  ~). 

Cultivar ~ Dates of measurement 2 

20-24 Oct. 22-26 Jan. 4-8 Mar. 6-9 May Average 

Caribou 1.60 2.10 2.29 2.75 2.18 
Alamo 1.85 1.83 2.00 2.63 2.05 
Cascade 1.62 1.90 2.03 2. I I 1.91 
Hudson 2.02 1.42 1.80 2.17 1.85 
Wauseon 1.63 1.68 1.87 1.98 1.79 
Raritan 1.64 1.73 1.77 1.94 1.77 
Superior 1.42 1.47 1.75 2.37 1.75 
Katahdin 1.69 1.59 1.58 1.76 1.65 
Abnaki 1,30 1.30 1.48 1.93 1.50 

Average 4 1,62 1.67 1.81 2. l0 

Average of 
21 cultivars 3 1.67 1.69 1.85 2.13 

Least significant difference 5 0.19 

~ Sorte  - VariOtd: 2Datum der Messung - Dates des m e s u r e s  3 Mit tehvert  yon 21 Sorten Moyenne  
de 21 variOtks: 4Mit te lwer t  Moyenne:  5Geringste signifikante Differenz - Phts peti te diff~renee 
sign~fieative 

Tabetle 1. Atmung yon KartoffelknoIlen gelagert bei 7.5~ (in mg CO2 kg-~ h-~). 
Tableau 1. Intensit6 respiratoire de tubercules conserv6s ~ 7,5~ (en mg CO l kg- ~ h-  ~). 

ment  the average  sp rou t  length for cul t ivars  with the shor tes t  d o r m a n t  per iod  was 
not  more  than  a p p r o x i m a t e l y  1 cm. 

Tuber s  o f  13 cul t ivars  were s tored at 5.0, 7.5 and 10.0~ and their  rates o f  respira-  
t ion were measu red  four  t imes. Table  2 gives the results for the commerc ia l  cul- 
t ivars.  A l t h o u g h  the influence o f  cu l t ivar  was highly signif icant ,  the ac tual  differ-  
ences a m o n g  the commerc ia l  cul t ivars  in Tab le  2 were, accord ing  to the Keuls-  
Har t l ey  (Keuls ,  1952: Snedecor ,  1956) sequent ia l  test, not significant .  The  signif- 
icant differences were a m o n g  some breeding  lines which represented  the ext remes in 
rate  o f  resp i ra t ion .  The  in te rac t ion  between cul t ivar  and s torage  du ra t i on  was 
s ignif icant  at P ._ 0.05. The  lower  po r t i on  o f  Tab le  2 shows that  the O c tobe r  result 
for cv. H u d s o n  is an i m p o r t a n t  fac tor  in this (there were two breeding  lines with a 
relat ively high rate  o f  resp i ra t ion  in October ,  c o m p a r a b l e  to Hudson) .  Also,  the 
M a r c h  result  for cv. Rel iance  con t r ibu ted  to the in terac t ion .  Of  more  impor t a nc e  is 
the highly s ignif icant  in te rac t ion  between s torage  t empe ra tu r e  and s torage  du ra t ion .  
This  in terac t ion  has been caused p r imar i ly  by the very high rate  of  respi ra t ion  o f  the 
5~ samples  in October ,  and to a lesser degree by the relat ively low rate o f  respi ra-  
t ion o f  the 10~ samples  in the same month .  Since the samples  which were measured  
in O c t o b e r  had  been placed at the var ious  t empera tu res  10 to 12 days  previous ly ,  it is 
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Table 2. Rate of respiration of potato tubers in storage in 1972 (in mg CO2 kg ~ h-  ~). 

Cultivar ~ Dates of measurement 2 

20-24 Oct. 22-26 Jan. 4-8 Mar. 6-9 May Average 

Storage temperature 4 5 .0~ 
Hudson 5.02 1.83 1.77 1.57 2.55 
Cascade 3.80 2.29 1.86 1.54 2.37 
Reliance 3.44 1.53 1.86 1.49 2.08 
Alamo 3.35 1.39 1.72 1.47 1.98 
Katahdin 3.49 2.00 1.66 1.41 2.14 
Average of 
13 cultivars 3 4.00 1.77 1.72 1.73 2.25 

Storage temperature 7 .5 'C  
Hudson 2.21 1.48 1.84 2.40 1.98 
Cascade 1.60 1.95 2.04 2.18 1.94 
Reliance 1.21 1.92 2.97 2.19 2.07 
Alamo 1.91 1.79 2.06 2.52 2.07 
Katahdin 1.66 1.58 1.63 1.78 1.66 
Average of 
13 cultivars 1.74 1.70 1.90 2.05 1.85 

Storage temperature I0.0':' C 
Hudson 2.37 2.24 2.29 1.97 2.27 
Cascade 1.84 2.57 2.33 2.24 2.25 
Reliance 1.34 2.37 2.34 2.86 2.23 
Alamo 1.79 2.27 2.31 1.74 2.03 
Katahdin 1.49 2.02 2.01 2.30 1.96 
Average of 
13 cultivars 1.76 2.41 2.34 2.27 2.20 

.4 verage o / three  temperatm'es 5 
Hudson 3.20 1.85 1.97 1.89 2.25 
Cascade 2.41 2.27 2.08 1.99 2.19 
Reliance 2.00 1.94 2.39 2.18 2.13 
Alamo 2.35 1.82 2.03 1.91 2.03 
Katahdin 2.21 1.87 1.77 1.83 1.92 

Average of 
13 cultivars 2.50 1.96 1.99 1.94 2.10 

i, 2, 3 Sieh e Tahelk" 1 Voh" tableau 1: 41xlg(,run,gslenll~eratttr TempOratttre de conservation: 5 Mit- 
le/wert yon 3 Temperaluren Mo.venne des trois IollpOl'attlres 

Tabelle 2. Atmung von Kartoffelknollen wfihrend der Lagerung (in mg CO2 kg ~ h )). 
Tableau 2. lntensite? respiratoire de tubercules en cours de conserwllion (en mg CO2 kg-~ h ~). 
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possible that the high rate of respiration was an after-effect of the temperature 
change from 15-20~ to 5~ rather than the effect of  the storage temperature itself. 
~dthough over the whole period the rate of respiration at 5.0'~C was significantly 
higher than at 7.5~'C. Table 2 shows that the minimum rate of respiration was at 
7.5~ till January. but at 5"C thereafter. 

Tubers of 6 cultiwtrs were stored at all six temperatures. The influences of storage 
temperatures and storage duration on the rate of respiration are shown in Fig. 2. 
Because of sprouting, the samples stored at 12.5 and 15.0~'C were discarded after the 
January measurement. It is evident that sprouting had a considerable effect on the 
rate of  respiration as early as January. At that time the sprouts of the samples stored 
at 12.5~ varied from 0.5 to 2.0 cm in length, while those stored at 15.0 :C ranged 
from 2 to 10 cm. 

Taken over the whole storage period, the rate of respiration of the samples stored 
at 7.5~C was significantly lower than the rate of the others. However. the minimum 
rate of respiration during the later part of the storage period was 5.0:'C instead of at 
7.5"C. The rates of the samples stored at 2.5'~C were significantly the highest. 

Fig. 2. The rale of respiration of potato tubers stored at six temperatures in 197! Results arc aver- 
ages for six cultivars. 
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The relationship between the six temperatures and the rate of  respiration is shown 
in greater detail in Fig. 3. The average results for the three commercial  cultivars 
which were stored at all six temperatures are given, as well as the ranges covered by 
the six cultivars at all temperatures.  Also given are the ranges for all cultivars present 
at each temperature.  It is clear that the spread at each temperature was relatively 
small in October,  but much greater in January, particularly at the higher tempera- 
tures. The main reason for this is the difference in degree of sprouting between cul- 

tivars. 
It is also evident that the relationship between temperature and rate of  respiration 

in October was quite different from this relationship in January. At the former date 
the highest rate of  respiration was found at the lowest temperatures. In January the 
respiration rate was greater at the higher temperatures. 

1973 Experiment 

Materh t l s  and me thods  

Cu/t ivatw ands torage  temperatures .  Tubers of  the cultiwtrs Cascade, Green Mountain, 
Hudson, Katahdin,  Reliance and Russet Burbank, all grown on the Long Island 
Vegetable Research Farm. were stored in four replications at 2.5. 5.0..7.5, 10.0, 
12.5, and 15.0'C. Storage started 11-14 November.  after curing at 15 20~'C since 
harvest (second half of  September). 
Size  ~ / s a m p l e s .  The weights of the samples varied from 2050 to 2250 g. The num- 
bers of  tubers per sample were: Cascade 21. Green Mountain 17, Hudson 20. Katah- 
din 19, Reliance 16 and Russet Burbank 18. 
Dates  r measuremen t .  Periods of  measurements were 18 20 November  (after one 
week storage). 16 19 December (5 weeks). 20-23 January ( I 0 weeks). 17 20 February 
(14 weeks), 17 20 March (18 weeks). Alter the last measurernent of  respiration, the 
sarnples stored at 12.5 and 15"C were discarded because of sprouting. The tale of  
respiration of the other samples was again determined on 21 23 April (23 weeks) and 
28-30 July (37 weeks). 

Fig. 3. Rehttionship between storage temperature and rate of respiration at two dates during the 
storage period 1972. 

- - - :  range of the same six cultivars stored at each temperature: : range of all ct, ltivars present 
at each temperature. 
F~. 3. Be-_iehung =wi,~'c'hen Lagerungstemperatur trod A tmung an 2 Terminen wdhrend der Lagel7wriode 
1972, 
----:  Schwanktmgshereich Her selhen 6 Sorten, die heijeeh'r Temperatur lagerten; ." Schwankungs- 
hereich aller Soften. die heijeder Temperatur vorhanden waren. 
F~. 3. Rehttiun entre temp(;rature stockage el #ttensit~; respiratoire h dcttA" ~kttes ~htrant kt p~;rio~h' oh, 
conserval#m 1972. 

. gamme des .~'{\ variOtOs c.o~tservt;es ~'t chaque tempOratttre; - : ganmw de toutes les variOtOs 
prOsentes t'l chaqtte tempc;ratttre. 
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Table 3. Rate of respiration of potatoes in storage in 1973 (in mg COz kg- 1 h - 1). Main effects of the 
analysis of variance. 

Cultivars Storage 
temperatures 4 
(~ 

Cascade 2.60 2.5 
Green Mountain 2.14 5.0 
Hudson 2.43 7.5 
Katahdin 2.26 I 0.0 
Reliance 2.41 12.5 
Russet Burbank 1.87 15.0 

Dates of 
measurement 2 

2.07 18-20 November 2.25 
1.93 16-19 December 1.72 
1.45 20-23 January 2.02 
1.67 17-20 February 2.40 
2.40 17-20 March 3.03 
4.19 

LSD 5 0.13 0.13 0.05 

1.2 s Siehe Tahelle 1 - I/oh tableau 1 ; 4 Siehe Tabelle 2 Voir tableau 2 

Tabelle 3. Atmung von Kartoffelknollen w~ihrend der Lagerung (in mg CO2 kg ~ h ~ ). Ergebnisse 
der Varianzanalyse. 
Tableau 3. Intensite respiratoire de tubercules en cours de conservation (en mg CO_, kg- 1 h- ~ ). 
Analyse de variance. 

R e s u l t s  

An analys is  o f  va r iance  was car r ied  out  with the results o f  the five da tes  o f  measure -  
ment  when all samples  were still present .  All  three main  effects on the rate o f  respira-  

tion (cult ivar ,  s to rage  t e m p e r a t u r e  and s torage  du ra t ion )  were highly s ignif icant .  
A l t h o u g h  the fact that  bo th  first and  second o rde r  in te rac t ions  were highly signif- 
icant makes  a s imple  exp lana t ion  o f  the results  imposs ib le ,  some  general  conc lus ions  
can be d rawn (Table  3). 

The  first conc lus ion  is that  the rate  o f  resp i ra t ion  is def ini te ly  a charac te r i s t i c  o f  
the cul t ivar .  Over  the per iod  f rom N o v e m b e r  till March .  only  two differences  in rate  
o f  resp i ra t ion  were non-s igni f icant ,  those  between Green  M o u n t a i n  and K a t a h d i n  
and between H u d s o n  and Reliance.  

The  second is that ,  as in 1972, there  was a m i n i m u m  rate of  resp i ra t ion  at 7.5~ 
The  th i rd  is that ,  at no rma l  s to rage  t empera tu res ,  the rate  o f  resp i ra t ion  changed  

slowly over  the course  o f  the s to rage  per iod.  A decrease  in resp i ra t ion  at the start  o f  
the s to rage  season led to a m i n i m u m  in December ,  af ter  which the rate  o f  resp i ra t ion  
increased slowly.  At h igher  s to rage  t empera tu re s  the rate  o f  resp i ra t ion  increased 
cons ide rab ly  af ter  December .  There  are var ia t ions  on these general  themes  which are  
main ly  caused by specific cu l t ivar  reac t ions  on the many  different  c o m b i n a t i o n s  o f  
s to rage  t e m p e r a t u r e  and s torage  du ra t ion .  

A l t h o u g h  the rate  o f  resp i ra t ion  is a charac te r i s t i c  o f  the cul t ivar ,  this does  not  
mean  that  differences between cul t ivars  were qua l i ta t ive ly  and quan t i t a t ive ly  con-  
s tant  at all t imes and at all s to rage  t empera tu res .  This  cer ta in ly  is not  the case, but  
on the whole,  the o r d e r  of  cu l t ivars  was more  or  less the same at all t empera tures .  In 
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Fig. 4. Rate of respiration during the storage period 1973 of potato tubcrs of the cv. Katahdin. 
stored at six temperatures. 
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Fig. 5. Rate of respiration during the storage period 1973 of potato tubers of the cv. Russet Burbank 
stored at six temperatures. 
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Fig. 5. Atmungsrate yon Karto.[]~,ll<nolh, n der Sorte Russet Burbank w6hrend der Lagerperiode 1973. 
gelagert hei 6 Temperaturen. 
Fig. 5. lntensitO respiratoire de tubercules de la vari~;t~; Russet Burbank, stock#~; (t 6 tempOratures 
durant la p~;riode de conservation 1973. 

Fig. 6. Rate of respiration during the storage period 1973 of potato tubers of six cultivars stored at 
three temperatures and the dates on which the average sprout length was 0.5 cm (~-) and 1.0 cm 
( - -  ~) .  
Fig. 6. A tmung yon Kart~![/~,lknollen 6 verschiedener Sorten w6hrend der Lagerperiode 1973. die hei 3 
Temperaturen gelagert waren und die T(,rmine. an denen die durchschnittliche Kehnl6nge 0,5 cm (-:-) 
und 1 cm ( -  - ---,, ) betrug. 
Fig. 6. Intensit6 respiratoh'e de tubercules de 6 variorums stock~;es & trois temp~;ratures, ~'t des tkttes ob l(t 
Iongueur moyenne des germes est de 0,5 cm (~,) et de 1,0 cm (-  - ~-) (conservation 1973). 
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Fig. 7. Relationship between storage temperature and rate o1" respiration at various dates during 
the storage period 1973 (Average of six cultivars). 
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Fig. 7. Beziehung zwischen th'r Lagertemperatur und ~h'r ;4 tmung an verschiedenen Terminen w[ihremt 
der Lagerperio~# 1973 ( Mi f te twerte  yon 6 S(~rten). 
Fig. 7. Rehttion entre lemp6rature th" .s'lockage el ittten,vil~; re,s'piraloire ~} d([/~;rentes ~htl(,,~ ~htranI /a 
conservation de 1973 (mo.l'enne de 6 variOt6s). 

Fig. 4 and 5 the results for cvs. Katahdin  and Russet Burbank are shown. 
The increase in rate of  respiration noted at higher s torage temperatures  after 

December  was undoubted ly  due, at least in part, to sprouting.  
It seems, however,  that the sprouts  have to exceed a certain length for the influence 

on the rate of  respiration to become measurable.  This is shown in Fig. 6, in which 
arrows indicate the dates at which the average sprout  lengths were 0.5 cm (at 10.0, 
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Table 4. Range in rate of respiration (in mg CO, kg ~h ~) in January of potato tubers stored at 
six temperatures. 

Temperature (C) 1972 1973 

2.5 2.5- 3.0 1.5 2.5 
5.0 1.5 2.5 1.5-2.0 
7.5 1.5- 2.0 1.0 1.5 

I0.0 2.0 3.0 1.0-2.0 
12.5 3.0- 5.5 1.5 2.5 
15.0 5.012.5 2.5--5.5 

Tahelle 4. Sclm'ankungshereich &'r .4 Ilnltltg (ill m.g ('()2 k.'4 ~h f) im .lanuar v,m Kartollblkmdh'n 
gelagert hei sechs Temperaturen. 
Tableau 4. Gamme de I'intensit~; respiratoire (en mg ('O2 kg lh i ;  en ,hmvier &" tuhercules &, la 
l~onlme (le lerre s tock& ~'t si.v leml?Oratto'es. 

12.5 and 15.0~ or  1.0 cm ( 12.5 and 15.0 ' C  only). 
The relationship between rate of  respiration and temperature at various stages 

during the storage period has been presented in Fig. 7. A min imum in respiration was 
reached in December.  except for the samples at 2.5 C. which showed a cont inuous  
decline in rate o f  respiration till February.  The rates of  respiration at 2.5 and 5 .0 'C  
were much higher at the start of  the storage period than later, conf i rming the results 
of  1972 (Fig. 3). but the initial wdues were not as high. Apart  from this drop,  the 
rates of  respiration remained fairly constant  for a considerable period at 5.0 and at 
7.5'~C and somewhat  less so at 2.5 and 10.0 'C. 

Discussion 

Consider ing the results of  these experiments in relation to some points made in thc 
previous publicat ion m this series (Schippers. 1977). the R~llowing questions must 
be answered. 
1. Is there a "seasonal drift" in metabolism during the storage period as Huelin and 
Barker (1939) have reported and which is also apparent  in But ton ' s  (1974) results. 
or is the rate of  respiration very nearly constant  as has been suggested by others 
(Kimbrough ,  1925. Barker. 1938. Singh & Mathur .  1938)? The results show that the 
rate of  respiration during the main storage period was fairly constant  at certain 
temper;,tures. Initially, when sudden changes in temperature might have had an 
after effect on the rate of  respiration, respiration at the lower temperatures was 
higher than it was at the higher temperatures.  However ,  the rate or" respiration at the 
lower temperatures  decreased to a more  or less constant  rate, whereas the rate of  
respiration at the higher temperatures  increased clearly because o f  the sprout ing of  
the tubers. The higher the storage temperature,  the more  one can refer to a "seasonal 
drift ' .  In general, it seems that a min imum in respiration was reached in December.  
except for the tubers at 2 .5 :C  which had a min imum in February.  However,  the 
cons tancy of  the rate of  respiration is also dependent  on variety characteristics. 
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2. What is the influence of temperature on the rate of  respiration in comparison to 
previous findings? It is difficult to establish a fixed relationship between the rate of 
respiration and the storage temperature since at some temperatures the rate of  re- 
spiration was rather constant, whereas at others it was not. Therefore, a comparison 
with previously reported results in literature is difficult. Assuming that the January 
results give a good indication of the rate of respiration during the storage period, 
the ranges in rate of respiration found in 1972 and 1973 for that month have been 
tabulated in Table 4. In general, our results are lower than reported in most of the 
literature (see Schippers (1977, Table 1) for a summary of  these data). It is clear that 
the season had a certain influence, while another important variable was the cultivar. 
3. Is there a relationship between the rate of  respiration during storage and the ear- 
liness of the cultivar as has been suggested by Schulz (1926/27) and by Schander et 
al, (1931/32 a, b)? There is not much evidence for the assumption that late cultivars 
have a higher rate of respiration than earlier ones. In 1972 the rates of  respiration of 
the early commercial cvs. in March (average of  the results for 5 and 7.5~ were 
1.77-1.84-1.89, of the mid-season cultivars 1.56-1.63-1.78-1.85-2.00-2.42 and of  
the only late cultivars 1.81 mg C O / k g - 1  h-~. In 1973 these results (averages of six 
temperatures in March) were: midseason 2.95-3.34-3.71 and late 2.35-2.61-3.23 mg 
CO/ kg 1 h x. None of  the differences were significant according to Wilcoxon's 
test (Wilcoxon, 1945: Wabeke & van Eden, 1955). 

There was no clear relationship between the rate of respiration during dormancy 
and the length of  the dormant period. 

Zusammenfassung 

A tmung yon Karto[[elknollen w6hrend der 
den Jahren 1972 und 1973 

Die Atmungsrate von Kartoffeln. die bei ver- 
schiedenen Temperaturen gelagert waren, wur- 
de gemessen, indem Kartoffelproben von unge- 
fiihr 2 kg mehrere Stunden in verschlossenen 
Weithalsflaschen lagen und der CO2-Gehalt 
(in '}g) in einer Luftprobe mit einem Lloyd Gas- 
analysator bestimmt wurde. Wenn die Versuchs- 
zeit so gew:,ihlt wurde, dass die CO2-Konzen- 
tration 3"0 nicht iiberschritt, hatte es keinen 
hemmenden Einfluss auf die Atmungsrate (Ab- 
bildung 1 ). 

Im bereich des Knollengewichtes. (70--250 g). 
der in einem Vorversuch gewfihlt wurde, zeigte 
die Knollengr6sse keine Beziehung zur At- 
mungsrate. In den Hauptversuchen war der Be- 
reich viel kleiner. 

1972 wurden die Atmungsraten yon vielen 
Handelssorten und Zuchstfimmen im Oktober. 
Januar. Mfirz und Mai w,ihrend der Lagerung 

Lagerung. 2. Ergehnisse der Versuche in 

bei 2,5, 5,0, 7,5, 10,0, 12,5 und 15~ gemessen, 
rnit Ausnahme der Proben, die bei 12,5 und 15 ~C 
gelagert waren und die nach der Messung im 
Januar wegen Keimung verworfen wurden. Ta- 
belle 1 zeigt signifikante Unterschiede in der 
Atmung zwischen den bei 7.5~ gelagerten Sot- 
ten. Eine hoch signifikante lnteraktion bestand 
zwischen der Lagertemperatur (5,0, 7,5. 10~ 
und der Lagerungsdauer, verursacht dutch eine 
sehr hohe Atmurigsrate bei 5.0~ im Oktober 
(Tabelle 2). 

Abb. 2 zeigt den betrfichtlichen Einfluss der 
Keimung auf die Atmung w:,ihrend der Lage- 
rung bei 12.5 und 15~ Die Beziehung zwi- 
schen der Temperatur und der Atmungsrate im 
Januar 1973 war sehr verscheiden vonder im 
Oktober 1972 (Abb. 3). 

1973 wurden bei gleichen Lagertemperaturen 
nut 6 Handelssorten verwendet. Die Atmungs- 
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raten wurden von November  bis M~irz monat-  
lich gemessen. Im April und Juni wurden nur 
die bei 10~ und tiefer gelagerten Proben ge- 
messen. 

Tabelle 3 zeigt die Varianzanalyse der Ergeb- 
nisse von November  bis M/~rz. Die Ver~inde- 
rungen, die aus Tabelle 3 ersichtlich sind, wur- 
den hauptsiichlich durch sortenspezifische Re- 
aktionen auf die vielen unterschiedlichen Kom- 
binationen zwischen Lagertemperatur und -dau- 
er verursacht. Die Abb. 4 und 5 zeigen die Er- 
gebnisse ffir die Sorten Katahdin und Russet 
Burbank. 

Um eine dutch die Keimung verursachte Stei- 

gerung der Atmung messen zu k6nnen, mussen 
die Keime 1 cm oder l~inger sein (Abb. 6). Die 
Beziehung zwischen der Lagertemperatur und 
der Atmungsrate  finderte sich in der Lagerperio- 
de kontinuierlich, vor allem bei Temperaturen 
von 10~ oder h6her  (Abb. 7). 

Wie 1972 lag das Minimum der Atmungsrate  
bei 7,5 ~ Im Dezember war bei fast allen Tem- 
peraturen die geringste Atmungsrate  erreicht, 
bei 2,5 ~ jedoch erst einen oder 2 Monate  spfi- 
ter. Keine Beziehung ergab sich zwischen der 
Atmung und der Frfihreife einer Sorte oder der 
L~inge ihrer Keimruhe. 

R6sum6 

L'intensitd respiratoire des tubercules pendant la conservation. 2. Rksultats des expHi- 
mentations 1972-1973 

L'intensit6 respiratoire des tubercules conserv6s 
diff6rentes temp6ratures a 6t6 mesur6e sur des 

6chantillons de 2 kg environ, enferm6s pendant  
plusieurs heures dans des bouteilles fi large 
goulot, en d6terminant  le pourcentage de gaz 
carbonique de Fair fi l 'aide d 'un analyseur de 
gaz Lloyd. Si la dur6e de l'exp6rience est telle 
que la concentrat ion en gaz carbonique ne 

3/0, il n'y a pas d'effet inhibiteur d6passe pas o/ 
sur l 'intensit6 respiratoire (fig. 1). 

Au cours d 'une exp6rience pr61iminaire ef- 
fectu6e sur une gamme de poids de tubercules 
(70 '~ 250 g), aucune relation entre le calibre et 
l 'intensit6 respiratoire n'a pu 6tre raise en 6vi- 
dence. Dans l 'expbrimentation principale, la 
gamme de poids 6tait beaucoup plus petite. 

En 1972, l'intensit6 respiratoire de nombreu- 
ses vari6t6s a 6t6 mesurbe ell octobre, janvier, 
mars et mai aprds une conservation ;~ 2,5"C. 
5.0~ 7,5~ 10,0~ 12.5~ et 15,0~ ~ I'ex- 
ception des 6chantillons stock6s ~ 12,5~ et 
15,0~C qui avaient 6t6 61imin6s apr6s la mesure 

de janvier ~l cause de leur germination. 
Des diff6rences significatives ont 6t6 en- 

registr6es entre les vari6t6s stock6es ":l 7,5'~C 
(tableau I). 

Une interaction hautement significative a bid 
constat6e entre la temperature (5,0.7,5 et 10.0~ 
et la dur6e de conservation, provoqu6 princi- 
palement par une intensit6 respiratoire tr6s 

61ev6e fi 5,0"C en octobre (tableau 2). 
A 12,5 et 15,0 ~ la germination a un effet con- 

sid6rable sur I'intensit6 respiratoire. La relation 
entre temp6rature et intensit6 respiratoire en 
janvier 1973 6tait tr6s diff6rente de celle d 'octo- 
bre 1972 (figure 3). 

En 1973, les m6mes temp6ratures furent 6tu- 
di6es mais avec seulement 6 vari6t6s. L'intensit6 
respiratoire a 6t6 d6termin6e chaque mois, de 
novembre ~ mars. Les mesures ont aussi 6t6 
effectu6es en avril et juillet, mais uniquement 
sur des 6chantillons conservdes ~ 10 C et moins 
de 10"C. L'analyse de variance des r6sultats ob- 
tenus de novembre 'h mars est pr6sent6e darts le 
tableau 3. Les variations enregistr6es sont dries 
principalement fi la r6action sp6cifique des 
vari6t6s aux diff6rentes combinaisons temp6ra- 
ture-dur6e de conservation. 

Les figures 4 et 5 donnent  les r6sultats obtenus 
avec les vari6t6s Katahdin et Russet Burbank. 

Les germes doivent avoir 1 cm de long pour 
qu 'une 616vation de I'intensit6 respiratoire pro- 
voqu6e par la germination soit mesurable (fi- 
gure 6). 

La relation entre temp6rature et dur6e de con- 
serw~tion 6voluc continuellemcnt au cours du 
stockage particuli6rement il 10~'C et au-dcssus 
de 10"C (figure 7). 

Commc cn 1972. une intensit6 respiratoire 
minimale a 6t6 constat6c i~ 7.5 'C. Les intensit6s 
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respiratoires les plus basses ont et6 observOes en 
dOcembre, saul pour la tempOrature de 2+5 C 
(un ou deux mois plus tard). 

Aucune relation n'a 6t6 trouvOe entre I'in- 
tensit6 respiratoire et la prOcocit6 ou la dur0e du 
repos v0gatatif des variOt,Ss. 
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