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1. INTRODUCTION 

Following the classical work of BONNIER (l  895), numerous studies have been made of 
the influence of mountain climate on the development of both wild and cultivated 
plants. For many years these were concerned mainly with morphological differences. 
particularly in growth, between plants growing at various altitudes" yield being taken 
into consideration in the case of cultivated species. More recently, LUNDEOXRDH (I957) 
and WiNKLER (1959) made detailed investigations of the effect oF ligl-tt and tempera- 
ture on the growth of plants in the mountains and in the lowlands. The interrelation 
between climate and soil, as well as uptake of anions and cations at different alti- 
tudes, provided another wide field of research. Little work has, however, been done 
on the effect of altitude on the metabolic processes of plants (L,~,SCOMBES, 1954, 1958). 

The potato is a plant in whick the environn]ent can exert a distinct influence on the 
progeny, this being due, at least partly, to its vegetative propagation. The long estab- 
lished procedure of importing seed from coastal or mountainous areas for planting 
in the lowlands arose not only because of the lower virus content of such seed but 
also because of its more vigorous growth. The present paper gives the results of eco- 
physiological and virological research, which has been carried out For a number of 
years, on the reaction of the potato plant to the varying environmental conditions 
consequent on its cultivation at different altitudes. 

2. MATERIALS AND METHODS 

West Pomerania is one of tile best potato-seed producing areas in Europe. Winds off 
the sea ensure a low aphid population and mean temperatures not exceeding 13~ 
combined with a fairly high relative humidity, provide excellent growing conditions. 

In 1955, seed (lst class) of three varieties, E/~oka, Ackerseget~ and l'oram was im- 
ported fiom Pomerania and planted in 53 different localities in south-west Poland, 
both in the lowlands, at an alititude of about 200 m and in the Carpathians, at alti- 
tudes ranging from 300 to 1290 m (some 300 m above the normal upper limit of cul- 
tiwttion). At each location, 30 plants of each variety were grown, seed from each being 
saved and replanted each year for three successive years. The plants were examined 
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individually at the time of flowering, when the height of the hauhn and the incidence 
of virus diseases were recorded. This information, together with subsequent data on 
yield, provided an estimate of their development. In this way it was possible to separate 
two independent problems, that of virus infection and the subsequent development or 
inhibition of the disease, and that of the physiology of the general development of 
the plant as defined by a number of factors acting in a given environment. 

3. E X P E R I M E N T A L  

3.1. C l i m a t e  a n d  soi l  f a c t o r s  

More than 150 years ago, Ht0MBOLDT (I 817) formulated a general rule. This was ex- 
pressed in terms of temperature only, with which all other simultaneously operating 
factors were causally connected. This rule is as follows: "'the air temperature through- 
out the year decreases 0,5<~C for every 100 m increase in altitude, independently of 
latitude". More recent investigations have altered this but little. ROMER (,1939-1946) 
estimated the fall in the Carpathians in summer to be 0,62'~C/100 m and stated that 
it was accompanied by a simultaneous rise in precipitation. The establishment of this 
correlation led to the formulation of another general rule : "the amount of slowly de- 
composing organic inatter in the soil increases proportionally to the falling air tem- 
perature and increasing precipitation consequent on rising altitude" (JENNY, 1941). 

During the present investigation, regression coefficients were calculated for both 
percentage organic matter in the soil on altitude and soil pH on altitude, in the Car- 
pathians. For every 100 m rise in altitude, soil organic matter can be expected to 
increase by 1.08 0~ and pH decrease by 0,093 of a unit. The correlations were signif- 
icant at the 1 7(, level. At the highest experimental site (1295 m) the organic-matter 
content of the soil was about 13,8 o~ and the pH 4,2. 

3.2. D e v e l o p m e n t  a n d  y i e l d  o f  the  c r o p  

For the purpose of demonstrating tile relation between the development of tile plants. 
particularly their yield, and the ecological conditions prevailing, only those plants 
without symptoms of \irus infection were considered. In the course of the three years 
of tile experiment, the yields on the 53 experimental plots fluctuated considerably. 
The differences in yield between varieties and between years at any one centre were 
significant. 

A close negative correlation was established between altitude and average yield 
per plant for all three varieties. The regression coefficients of yield on altitude, for 
each of the three years, are given in TABLE la. The correlations are significant at the 
1 '~,~ level. It will be seen that there is close agreement between all the figures. 

Further confirmation of this effect was provided by the establishment of a negative 
correlation between height of haulm, measured at the time of flowering, and altitude, 
in the variety El~olca. The regression coefficient for each of the three years is given in 
TABLE lb. 
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TAI~LE 1. Coell]cicnts of regression of yield and haulm height of potatoes on ahitude above sea levct 

a. y i e l d  

b. haul 

Variety 1955 1956 1957 

(g/plant/lO0 m) t 

Epoka 0,60 0,57 - 0,48 
Ackersegen - 0,54 - 0,69 
FT)ran - 0,55 - 0,43 - 0,52 

m height (cm/plant/lO0 rn):: 

Epoka 0,27 - 0,43 - 0,27 

Kno/h'#wrtra.~" (~" P / l anc e  100 m~ - r e m l e m e n t  en t u b e r c u h ,  s ( v  p laHte  100 m )  
" .S'lattde#t/uThe ( c m  Plla#lse 100 ,';,# ~ - / t a t t t e lo  de s  lt.tee.s' ( c m  p/a,'tle I 0 0  m )  

TABELLE I. Regre.v,vionskoef/i-ie#lten -u,i,scht'n Knolh'nertrag h-w. Sla l tde# lh[Jhe  roll  Kartq[li, hl uml 
Hiihenlage iiher Meet  

TABLEAU 1. Coefficients de rdgression du retuh'ment en tuhercttle,s" respectil'ement de la hat t le t#r  th'.v 

/ @ c a  d~" [~oDtme.~" d e  le#'r~" ell a l t i l l t d e  

Tile marked dwarfing of  the plants whicl't accompanies  increasing altitude is, of  
course, a c o m m o n  phenomenon which has been studied by many workers since it 
was first recorded by BONNIER (1895). 

3.3. Ti le  r e l a t i o n  o f  a l t i t u d e  to  v i r u s  i n f e c t i o n  

Tile dwarfing effect of  altitude is linked with another  important  phenomenon,  that o f  
weaker reaction to virus infection. FIG. I shows the percentage virus infection in po- 
tatoes grown oil experimental fields tit three altitudes: > 400 m, 300-400 m and 
-._ 300 m. 

Plants grown from seed imported f iom Pomerania  and planted at various levels in 
the mountains  had a very similar llealth status during tile first year of  cultivation. 
Field inspection in July indicated no more than 5 ~  of  primary virus infection in 
any one of  the three varieties. Secondary symptoms appeared earlier and were more 
p ronounced  in the mounta ins  than in the lowlartds. 

During the second and third years, considerable differences in the health of  tile 
plants at different altitudes were noted. These were mainly due to lower aphid in- 
festation at the higher sites but, apart  from this effect on the intensity of  infection, 
there was a distinct inhibitory effect of  mounta in  environment  on the development of  
virus diseases within the plant itself. 

Mosaic and crinkle symptoms,  usually denoting a progressive disease (mainly 
virus Y), appeared on fewer plants in the second than in the first year of  cultivation 
at sites above 400 m. In the third year tile number  increased only slightly. In the 
lowlands, on the contrary,  there was a steady increase in the number  of  plants with 
secondary symptoms of  virus Y infection throughout  the period of  tile experiment. 
This phenomenon  of  inhibition of  virus development in plants grown in the mounta ins  
has been observed frequently before. Sunny, dry summers make the Carpathians 
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F i o .  1 
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di[.]~;re#llcs altitmh's I~e#t~hmt ane 
pdriode de trois arts 

' Strichell, rankheit - ht hi,~arrure. 
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i K [ i t l l l ; l ( ' l ' W l l u h s  --  p lCl l l [~ 'S  I I~ l i l ldS .  

particularly suitable for potato cultivation and. in the course of nine years of experi- 
ments at Zakopane, starting in 1947. stocks of varieties originally infected with virus Y 
(mosaic and crinkle symptoms and dwarfing) showed no symptoms in 1950, which 
was lanusually dry and sunny. The virus appeared to have changed to a latent form 
detectable only on test plants (KozLOWSKA, 1957). 

3.4. T h e  e f f e c t  o f t r a n s f e r r i n g  s t o c k s  f r o m  the  m o u n t a i n s  to the  l o w l a n d s  

Sixty tubers from 30 marked plants of each of the three varieties were taken fiom 
each of the 53 experimental sites after the second and again after the third year of 
cultivation. These were planted for comparison in 10 randomised blocks on a site 
in the lowlands near Cracow. Incidence of disease, development of hauhn and yield 
were recorded for each plant. Considerable differences in the rate of development 
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were noted and these were subsequently reflected in the yield in both years. Those 
potatoes obtained from sites above 400 m showed more vigorous growth than did 
either the parental stocks in the mountains or healthy selected seed l'rom stocks grown 
in the lowlands. This vigorous growth was reflected in the yields (]:IG. 2). 

F](;. 2. Average yield per plant of k.poka potatoes grown ovcr a number  of years in thc Gorce moun- 
tains compared ~ [ th  that of the same stock transferred at intervals to thc Io~]ands near 
CF:ICOW 
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Aim. 2. Durclt.~chnittlicher Ertra,q j e  p/tan.re der Sor te  Epoka, dic wLihrend ehwr  ,4H_-ahl Ja/n'c in den 
Gorce-Bergen (lll~,rC'[~r ~'ttFdr vqrg'li('hcn i*til dem El'tr(ls yon KJto//en des ,g/cichen Bcstamles,  
dic in htlervctllcn iln Ticf laml hei Kr~lkuu au.Wel~flanzt wurdcn 

FIG. 2. Prodtlclion.v mo3'qllllC.Y /)Ill" p/glnlc,Y dc l~t varidtd Epoka pouvx{;cs /I('lHhllll till cerlain noln/~rc 
N'clnn{;c,s' gklllS /Us DIOtlIgI~rlIC,Y "'Gorcc'" ('Oltll)(IY{;(',s GI'CC {'{'l/{'S till Illt3ltle ll)l, [I'IIIISJi;I"L;CS ('l inter- 
valles ~hlns ht p/~line pray de Cracovie  

In E/~(,ka, the mean increase ill yield/pktnt at Cracow, over the parental stocks 
grown ill the Carpathians,  was 31,1 g in 1957 and 15,8 g in 1958. In l,oran, the corres- 
ponding difl'erences were 29.9 g and 16,5 g respectively. The smallest differences w'ere 
found in Ackersegen, namely 12,0 g and (),9 g in the two years. All these differences 
were significant at the 1% level. 

Potatoes transferred to Cracow fl'om 13 sites below 400 m showed SOlne decrease 
in yield but the differences were not significant (HG. 3). 

From this data it would seem that, m the west Carpathians,  the 400 m contour  

Ettrop. Po ta lo  J. ,  l'ol. 6 (1963)  No.  3 ( S e p t e m h e r )  147 



A. KOZLOWSKA 

FKL 3. Average yicld per plant of Epoka potatoes grown over a number of years in the low foothills 
of the Carpathians compared with that 01 the same stock transferred at intervals to the 
lowlands near Cracow 
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niederen Vorgebirge der Karpaten angebaut wttrde, verglichen mit dam Ertrag van Knollen des 
gleichen Bestandes, die in lntervallen im Tie[land bei Kr~tkatt attsgel~fhmzt warden 

F I G .  3. Productions moyennes par phmtes  de la raridtd Epoka, poussdes pemhmt an certain nomhre 
d'ann&,s darts les coteau.v b{/'drielo'S th'.s" Caq~athes compardes avec celh's dtt indme lot trans- 
.[~;rdes ~'t intervalles darts/es phdnes pros de Cracovie 

is a very important threshold in a whole series of ecological factors which influence 
all the vital processes in the plant. Returning to HUMBOLDT'S concept of climate, we 
find that the difference in mean temperature during the vegetative period between 
Cracow and elevations of 400 m is -1 ,24 'C ;  at 800 rn and above it is fl'om -3,72: to 
over -4: 'C.  Evidently this relatively small difference of -1,24~C, combined with the 
differencies in soil acidity and organic-matter content seem to induce dwarfing of the 
haulm and the enhanced vigour of stocks transferred to the lowlands, only some 200 m 
lower. 

3.5. Tile i n f l u e n c e  o f  a l t i t u d e  on the  u p t a k e  o f  p o t a s s i u m  and  p h o s p h o r u s  

In order to obtain further information both on the dwarfing eft'act of altitude and its 
stimulatory effect on stocks transferred to the lowlands, an investigation was made 
of the comparative rate of" uptake of various anions and cations by potatoes growing 
under different conditions. In the first instance, a study was made of potassium and 
phosphorus uptake. 

The results obtained on the potassium content of tubers have been published else- 
where (KOzLOWSKA, 1960). They showed a constant yearly increase in percentage 
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K~O proport ional to the altitude of cult ivation and a simultaneous decrease in yield. 
It may be possible to interpret this on the basis of a general decrease in the fresh 
weight o f  the plant  in the mounta ins .  

If  the '!i; K.,O in the tuber  depends  on the fresh weight of  the plant ,  which decreases 
with increasing al t i tude,  it would  be reasonable  to expect a s imilar  increase in the 
content  of  o ther  compounds .  The an tagonis t ic  behav iour  of  K and Ca in plants  is 
widely known.  In the lowlands  and  on ca lcareous  soils, the increase in calcium in the 
tuber  is a ccompan ied  by a decrease m potass ium.  In the Carpa th ians ,  however,  the 
s i tua t ion  is different. Tubers  formed by dwarfed plants  growing at high al t i tudes  in the 
Ta t r a  or  Gorce  moun ta ins  usual ly  conta in  an increased amoun t  of  Iv)th calcium and 
potass ium.  

De te rmina t ions  of  pl-tosphorus, car r ied  out dur ing  the last (cw years on all the 
avai lab le  tuber  mater ia l  under  invest igat ion,  gave very different results to those ob- 
ta ined with potass ium.  The phosphorus  content  was de te rmined  in samples  of  tubers  
from each of  the 53 exper imenta l  sites in each of  the three years  of  cul t ivat ion.  TAm.v. 2 

TAI~LE 2. P._,O:content of Epoka potato tubers grown in Pomerania (original source of seed used), in 
the lowlands and in thc mountains 

] . , ~ca ] i t  3 . \ h i l m h '  I I i ] < , r ~ a n i c  m a t t e r  i n  ]+a()  - v , m t c l H  ' I (II+X '.~t+ I ' : t ) . - ( , ' , h a / t  ' " , ,  / + , , < / . n -  
,~ la l :d .H  H,J]t~ ' . , , i l  ",, . , ' . ' an i . , ,h ,  ' .r,:c. '  - I , t / , t t t  , n  I ' : O ~  : % / . , t d ,  ~,, i 
1 , , , a l t h  . l / l z l u d ,  Aulhlan; im l~ , . ] , n  

i l l l )  " , ,  Ilttll lt:ll r I s t  3~'~11 f f l l:l]~fll  " : ; I l l  x l ' ; t t"  
d a n ,  I, .~,,! I . - j a / J t  2. , ' lab,  ; . - / a i i ,  

P O l l l e l a l q  i l l  - P O t l l l I I L ' I ' I I  - P O I H ~ ; I t l I I J d  

Choj nice 175 2,1 0,437 0,454 0,444 

Low lands -  Tie  f l a n d - / ~ l a i n e s  

Mydlniki 215 1,8 0,528 0,541 0,646 
Glogocz6w 230 4,0 0,508 0,481 0,586 
Polanowicc 260 2,8 0,729 0,622 0,506 
Pszczyna 270 3,5 0,659 0,627 - 
Lodygowicc 350 5,2 0,646 0,545 0,536 

C a r p a t h i a n  M t s . - K a r p a l e n  M o n t s  C a r p a t h e s  

M ildwka 450 7,6 0,376 0,531 - 
Lud:/naicrz 610 14,5 0,458 0,435 0,376 
Zawadka 720 7,3 - 0,329 0,350 
Pietraszonka 750 9,5 0,465 - 0,428 
Potr6jna 800 10,6 0,330 0,361 0,350 
Zawo.ia 900 7,8 0,394 0,348 0,330 
MagOrka 900 12, I 0,364 0,408 0,554 
Obidowa 900 5,4 0,444 0,408 0,361 
Pilsko 1200 13,8 0,522 0,577 0,479 
Kopicniec 1295 12,4 0,405 0,506 

TABELLE 2. P..,O.,-Geha/l wm Karlo[}~4kno//en der Sorte Epoka angebau! ill Pommern ( Herku;(/Lso;'t 
des verwen&,ten SaatgUleS), im Tie./Taml urn/in den Berg~ehieten 

TABLEAU 2. Tenetn" en P..O:, de ttthercules de la rarir162 Epoka gram/is en Pomp;runic (ori,ffitte des phtnts 
ttti[is~;s) en pluine et en montugne 
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shows the results for E p o k a .  These indicate  that  in c rops  grown con t inuous ly  in the 
moun ta ins ,  at e levat ions  ranging  from 400-1200 m, the phosphorus  content  of  the 
tubers  r emained  at the same low level t h roughou t  the three years  as it d id  in the pa-  
rental  s tocks grown con t inuous ly  in the seed-produc ing  area  of  Pomeran ia .  On the 
o ther  hand,  where the s tocks were grown in the lowlands  at e levat ions  ranging  f rom 
207-390 m, there was of ten a dis t inct  increase in phosphorus  content  over  the same 
per iod.  Only  p lants  free from all signs of  virus infect ion were included in the samples  
t aken  for this ana ly t ica l  work.  

The  mean  ~ o PeOs-content  of  tubers  o f  E p o k a  grown in 1955 on the m o u n t a i n  
(400-1295 m) sites was 0.467 and  on the lowland  sites 0,533. A c k e r s e g e n  gave some-  
what  laigher values but slaowed s imilar  differences, the co r r e spond ing  figures being 
0,524 and 0,622. Similar  values and differences were ma in t a ine d  in bo th  variet ies  
dur ing  the three years  o f  the exper iment .  

The  t ransference  of  s tocks fronl tl'te m o u n t a i n s  to the lowlands,  which was shown 
ear l ier  in this paper  to increase bo th  v igour  and  yield,  also affects up t ake  of  po tass ium 
and phosphorus .  TABLE 3 shows that  there was a dist inct  decrease in po tass ium and  
an increase in phospho rus  content  when po ta toes  were t ransfer red  to the lowlands  
from al t i tudes  above  400 m. c o m p a r e d  with the paren ta l  mate r ia l  grown in the 111otln- 
tains. 

TABLE 3. K.20 and P..,Oa-content of Epoka potato tubers grown in the mountains (1956) and trans- 
ferred to Cracow (1957) 

L o c a l i t y  . \ h i l u d e  I n  ",, t i t ' ,  v , t . .  i11",, ] J . , k ,  n o . , u .  " l ' r an ' ; t i ' r rvd  l, ,  ( ' . t a c , ~ ' , v -  . \ ) e , / d ,au  
N t a n d . l t  n i i h ,  - , ~ 1 %  l , ,dd ,  s,'~ in f ,~a / ,au  t~,ulq;:~,:,,  ei C ~ a , m  I', 
L . , ' a l i t , :  . I I t i tud,  - -  

I tn!  ]g-z() 1 '205  i n  " .  t i t 3  ~ l .  itt ".. " l t , , , ko l r  

K.2( ) 1'.2( .~:. 

Lubiefi 440 2,32 0,437 1,86 0,510 
Tenczyn 550 2,18 0,398 1,88 0,678 
Harklo~ a 600 2,36 0,472 2,10 0,682 
Lud~.mierz 610 2,40 0,435 1,88 0,629 
KI uszkowce 710 2.30 0.472 1,90 0,565 
Zawadka 720 2,28 0,329 1,94 0,500 
Pot r6jna 800 2,32 0,361 1,99 0,687 
Zawoja 900 2,26 0,348 1,82 0,568 
Mag6rka 900 2, I 0 0,364 1,46 0,563 
Obidowa 900 2,56 0,408 2,12 0,604 
G ubaldwka 1008 2,64 0,508 2,16 0,518 
Pilsko 1200 2,47 0,479 2,01 0,58 [ 
Kopieniec 1295 3,03 0,444 2,16 0,645 

TABELLE 3. K~O- und P..,O;,-Gehalt in Karto[]elkuollen der Sorte Epoka, die in Berggebieten g;m'achsen 
sind (1956) und nachher in Krakau (1957) nachgebaut win'den 

TABLEAU 3. Teneur en K.,O et P.,,Os de tuhercules de ht varidtd Epoka poussds en montugne (1956) et 
tran.sJ'drds t) Cracovie (1957) 
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3.6. T i le  r e l a t i o n  o l ' a l t i t u d e  to the o rgan ic -ac id  c o n t e n t  o f  the tubers  

The organic acids occupy a key position in plant metabolism. An increase in meta- 
bolic activity is usually accompanied by a simultaneous increase in organic-acid 
content of  the tissues which, in turn, is linked with respiration and phosphorus meta- 
bolism. Samples of tubers were taken from an experimental field at Zakopane on the 
slopes of Gubal6wka,  at an elevation of 1008 m, and from one in the lowlands near 
Cracow and their organic-acid content determined by means of silica gel column- 
chromatography.  Extracts for analysis were prepared according to the method of 
Awapara,  its quoted by LINSKENS (1955). 

The organic acids were then analysed according to the method of Buu-:y et al. 
(1952), NYKAMP (1954) and VI-:NEKAMP (I 959). Identification of the acids was verified 
by paper-chronmtography (Buscll el al., 1952). The acids found were predominantly 
oxalic, malic and citric. 

The analyses were mainly done on dormant  tubers between November and April. 
Control analyses on tubers of the same plants in January and again in April, wken 
sprouts were already 1 cm long, showed no difl'erence in their organic-acid content. 
Most of the work was on Epoka and the related clone 926, but comparative studies 
were made on ,4ckersegen which, it will be remembered, differed somewhat from 
E/~olca in its reaction to mountain environment. 

Evidence obtained in our laboratory confirmed the results o[" BOSER (1957) who 
stated that the organic-acid content ot" the tuber varied according to the health of the 
plant. Tubers infected with viruses X or S and Y, in the later stages of the disease, 
i.e. plants with mosaic and crinkle symptoms, usually showed a decrease in organic 
acids. Tubers from plants with primary virus Y infection (streak symptoms), how- 
ever, showed a distinct increase. In the experiments detailed here, except where other- 
wise stated, only those tubers were used which came from plants without virus symp- 
toms and wkich had not shown any such symptoms in both the preceeding and suc- 
ceeding generation. The presence or absence of viruses X and S was determined by 
the precipitin method. 

Epoka 
Tubers were taken from the following sources: 

1. The parental seed stock in Pomerania. 
2. Potatoes grown for 1, 2, 4 and 7 years at Zakopane. 
3. Potatoes transferred from Pomerania and grown in the lowlands near Cracow, 

both healthy and virus-infected. 
4. Potatoes transferred from Zakopane to Cracow, healthy in the first year but virus- 

infected in subsequent years. 

In parallel with the estimations of organic-acid content, oxygen uptake by tuber 
tissue was measured, using Warburg 's  apparatus. The potassium and phospho.'us 
content was also determined. TABLE 4 shows the results obtained with healthy tubers. 
After the first year at Zakopane,  the content of organic acids, potassium and phos- 
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TABLF 4. Organic acids. K,,O and P,,O:,-content and O.,-uptake of E p o k a  potato tubers grown in 
Pomerania. Zakopane and Cracow 

I. ,~ allt~. I ) . - U l f l a k c  ( )l-t2:tillc a c i d s  Hzt." c q u i ~ . . u  Ire~h x~l . , :  hl ".. ,h2. ~ l  - in ",, ],,,l.<n2<'~,'. 
.~'lamlml (lt.I ()~,'t~ di'~ w I . )  I , n  ",, p,,[d.t c~ 
L,,,alih: , , xa l ic : '  n l a l i c  L c i t r i c "  l,bta[ - 

i ' ; : O  l '>Os  

Pomerania  224,2 1,5 1,5 9,2 12,2 

Zakopanc  151 1,03 1,00 9,53 I 1,56 
I year '~ 

Zakopanc 134 0.5 1.8 1,7 4.0 
4 years ~' 

Zakopanc 146,8 1,02 1,05 1.32 3,34 
7 years'; 

Transferred 377.6 0.8 4.1 14,3 19,2 
to Cracow 

Cracow 339,3 2.34 3.05 14.2 19.56 
4 years" 

2, I 0,444 

2, I 6 0,446 

2,52 0,423 

2,62 0,412 

2,11 0,710 

0,693 

' O=-AulTmhme (~xl O: .~, Trocken.~'ew. J 0.,_ prdlevd ( 'M O:  '~" poids  sec.  ). 
Or~.'anische S~)'IIFCII ([z.k" .4"qttivah, Ht..~ Frisch.~,eu'. I - acide.s o#',a, at t iques (lxg dquiv.  .~, po ids  [ra i s ) .  

:' O.~als~7"ure o.valique. :' ZitrotteHm)'ure - citriqtte.  
, . |p fe /sdure - maliqt te .  " JLI/I#( r ) . ~lllllr S ). 

TABELLE 4. O#2ganische S i i u r e n ,  K . ,O-  m u l  P._,O:,-Gehah u m t  O . , - A u J i m h m e  itt Kar tq [ ]b l kno / l e# t  ~h>r S o r t e  

Epoka yon d e n  A n b a l t o r t e n  P o m m e r n ,  Z a k o p a n e  it#td K r a k a t t  

TABLEAU 4. T e n e t t r s  e## a c h l e s  o#'ganiqtces,  K . , O .  P..,O:,, et  p#d lOi , emen t s  d e  0.., s t tr  t t tberc t t l e s  de  hi varidt t ;  

Epoka p o t t s s ( s  el# P o m d r a # l i e ,  h Z a k o p a # t e  e t  C r a c o v i e  

phorus and the respiration rate were substantially the same as in the parental material 
from Pomerania. After 4 and 7 years growth in the mountains,  the content of  phos- 
phorus was very low, that of  potassium was consistently rising and that of  organic 
acids had decreased to a very low level which was reflected in a very low rate of  
respiration. Transferring stocks from tile mountains to the lowlands had the efl'ect 
of  increasing the organic-acid content, the rate of  respiration and the yield. At the 
salne time there was an increase in phosphorus and a decrease in potassium. Similar 
restilts were obtained with healthy potatoes grown throughout at Cracow. Fio. 4 
shows the average yields per plant of  a stock of  the variety Epoka during each of  the 
eight years it was grown at Zakopane and the effect of  transferring it to Cracow in 
both the seventh and eighth years. The serological tests for viruses X and S remained 
negative throughout the eight years of  the experiment and the plants showed no signs 
of  virus infection; there was only the dwarfing associated with the mountain environ- 
ment. No  signs of  virus were detected after the transference of  stocks to Cracow. 

Investigations carried out on virus-infected tubers of  E/~oka were mainly concerned 
with viruses S and Y, in the later stages of  attack, i.e. 2, 3 and 4 years after infection. 
Such tubers showed a definite decrease in organic-acid content accompanied by a 
similar fall in respiration rate compared with healthy ones (TABLE 5). The difference 
between these virus-infected tubers and healthy ones from crops grown for many 
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a .S'orte Epoka, an,k, ehaut in Zakopane - varidtd Epoka. pottss'de gl Zakopane. 
'-' Nachhau itt Krakatt - tran,sl~;r~;e.s' [l Cracovie. 

FIG. 4 
Average yield per plant of lz)~oka potatoes grown for eight 
years at Zakopane (Carpathian 
Mrs.) compared with that of the 
same stock transferred in the 
seventh and eighth year to the 
lowlands near Craco\~ 

Am~. 4 
Dm'chschnittlicher Ertrag je  
P/hmze dec Sorte Epoka, die 
wfihrend acht Jahre in Zakopane 
(Karpaten) angebaut win'de, ver- 
glichen rail dem Ertrag yon K n o f  
len des gleiehen Beslandes, die im 
xiehten /l/It,/ ar Ja l l r  inl Ti~j2 
hind bei Krakau at;.vgelzflanzt 
WIIFdCI1 
Fl(;. 4 
Productions mO.l'ennes par p`/antes 
de la varidtd Epoka poussdes pen- 
~kult hltil arts h Zakol2ane ( Car- 
pathes). r al'ec celles tht 
mdnw lot lratts/drde,~' /̀a 7e et la 8e 
annde darts ,/es plahw.s' pros de 
Cracovie 

years in the mountains,  which also show a low organic-acid content and a low respi- 
ration rate, is the phosphorus  content.  The diseased tubers have a PeOa-content of  
over 0,8 o; of  the dry matter,  while in the healthy but dwarfed plants from the moun-  
tains the level is only about  0,45 %. 

As can be seen from TABLE 6 the results obtained with c h i n e  926 gave results similar 
to those obtained with Epolca.  

A c k e r s e g e n  

This variety gave very different results from the other two, both when grown ill the 
mounta ins  and in the lowlands. TABLE 7 shows that healthy stocks grown in the motm- 
tains for I, 2 an d  6 years showed, in compar ison with those grown in the lowlands, 
not  a decrease but an increase in organic ac ids ,  due  mainly to a h igher  content  of  
citric acid. Their yields, however, as with E p o k a ,  were much lower than in the low- 
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TABI_E 5. Organic acids, K...O and PeO:,-conlent and O~-uptake of Epo/,a potato tubers, healthy and 
virus-infected, grown at Cracow 

virus diseases ():-UlJtake ( )rteauic acids (l~.t{ cquix./u fresh ~AI.): |11 ",, dr:, ~xl. in ",. 'l;,,,,~,nO;c. 
l'iH+sktankh. I Izl ( ):/~ drs v.t.) L , ,  ",, I,,,i,Z~ s,, 

l:bos,, ,,xalic:' malic ~ citric s hqai 
K:( I 1>_,( )s 

H e a l t h f  339,3 2,34 3,05 14,2 I%56 2,65 0,693 

Virus S 120 2,28 2,41 2,06 8,77 2,62 0,728 
l yeai"; 

Virus Y 
3 years'; 
(mosaic) 

V i r u s  Y 

4 years'; 
Virus Y 

-: virus S 
2 years" 

Virus Y 
�9 . virus S 
3 years'; 

I75,4 

1,15 0,88 4,52 7,16 3,08 0,806 

0,88 0,74 4,77 6,4 2,82 0,723 

0, I6 1,88 3,68 5,72 3,02 0,730 

0,908 0,67 0,45 2,03 2,9 0,825 

;-" Ztu" Erkldrtutg sic'he T A B E L L E  4 - pour /'c'.vplication roir TABIA!AU 4. 
r Gesund-  sains. 

TABELLE 5. OrganLsche Siiureu, K._,O- uml PeO:,-Gehalt und O.,-Aujnahnle ill KaJ'tq[]Hknollen de;" Sorte 
Epoka, gesund und virusit~[iziert, gewachsen ill Krakau 

TABLEAU 5. Telletlr.s' ell acides orgauiques, KeO, P.eOa et prc;l&'ements do 0., sur lut)et'clt/es tic' ]o vaHdtd 
Epoka, sains (,t #;[Fctc;s de virlls, poltssc;s ~'l Cracovic" 

TABLE 6. Organic acids. KaO and PeO:,-content of potato tubers, c'hme 926, grown at Zakopane and 
Cracow 

I.,,calit 5 ()t~anir acids ~J.~ r u Irt,s]l x~t.~ Ill "., dt'~ ,.x[. in "., /r ". 
, t r  I t~ ' ,+ p tJ i t ]~  ~l I 

L,,talit, ,,xalit malic r it,-ic n,,ud 

Cracow (healthy) 2,55 4,21 8,22 14,98 
8 years 
Cracow (mosaic) 2,83 5,01 1,83 9,67 
v i r u s  Y 
Zakopane (healthy) 2,26 1,8 0,85 4,91 
10 years 

2,26 0,664 

2,20 0,774 

2,32 0,41 

Ztt r  f-Jrk/~h'um," ~'iehe T,~,BFIA E 4 pollr ~'explication fa i r  T,',,BLEAU 4. 

TABELLE 6. OrganLschc Siitu'en, K.,O- lind P..,O~-Gehult in Karlq//~4knol/c,u, Klon 926, ,~rcwLIC/1.Tdll Ill 
Zakopaue  trod Krakau 

TABLEAU 6. Tenettrs etl acides orgatlique.s, K._,O, PzO:, de tul~erctt]es tilt clone 926, potl.vsc;.~ r Zakopane  el 
Cracovie 

154 Europ. Potuto J., Vol. 6 (1963) No. 3 (September)  



I)IFFERENCES IN GROWTH AND METABOLISM OF POTATOES...  

TABLE 7. Organic acids, K..,O and P.,O:,-content and Oe-uptakc of Ac~er.~'czen potato tubers grown at 
Cracow and Zakopane 

I , , , a l i l~  l i e - u p t a k e  ()r'tzani~ acids  ,[zts cquit . / t~ li'csh ~ t . )  In ' ,  d~x ~ l .  m ' , ,  'l,,~Z,~a,~u. 
,%)andml ' lzl ( )e :q  drx  w I  i ~ll ",, p,,id~ ~,, 
l.,,,alit, , ,xalic mali~ c i t l k  t,,la] 

I < : (  ) I'=( )x 

Cracow 350 1,73 4,4 14,06 20,45 2,75 0,852 

Zakopane 396 3,74 3 , 1 7  18,86 26,54 2,24 0.5315 
1 year 

Zakopane 410 1.58 3,42 24,92 2%0I 2,57 t.t,532 
2 y e a r s  

Zakopane 418 2,08 3,32 16,73 22,13 2.68 0.6414 
6 years 

Transferrcd I, I 5,4 14,0 20,5 3,01 0.893 
t o  C r a c o w  

Zl l / -  EI'/~/tl'l 'tlllg 31'{,11~, T,~ IIl!l I.F 4 potlr ] 'e.vp/icafilm WHI T,XBLI  .', U 4.  

TAm~LLE 7. Or~,ani.sclu' Sdmen, K..,O- trod P.,Oa-Gehah mM O.,-,4t(/hahme in Karto/li'l/,mdlen der Sorte 
Ackersegen, ,,ewachsen in Krakau mul ZHkop~lllC 

TAI~LEAU 7. T{'ll('Hr.< eH ~ci<k'~ o r g a n i q t w s ,  KeO.  P.,O:, el pr{;/("l'{,Hlettls th" 0, ,  ,vto" ttdk'rcttlc.~ {[{' /a v a r i & d  
Ackersegen pot/s.sds r ('l'tl('Ol'[e C[ ZUkO[IHll[" 

lands. This accumulat ion of  organic acids in the tubers of  .4ckcrsegen in the moun-. 
tains is very similar to that described by LASCOMBES (1954) l\)r beet, a lowland plant, 
when grown at higher altitudes. There also was an increase in the citric-acid con- 
tent. It seems probable tlmt varietal differences in the metabolism oF potatoes are 
responsible for this effect. Both E/)oka and clom' 926 have in their pedigree Solamtm 
~h'mi.v.s'um. a wild South American species which normally grows at altitudes of  from 
2000-3500 m. Tiffs suggests that both these varieties adapt themselves more readily 
to tile mounta in  environnlent than does the old variety .4c/,ervcgen, , ~hich nowadays 
underooesa . rapid de~eneration~ in our  fields. 

The decrease in yield normally associated \vith increasing altitude of  cultivation 
could not be confirmed statistically in .qckersegen in the third year. Moreover,  the 
increase in yield which follows transference of  a stock from the mountains  to the 
lowlands x\,as mucll less marked than in E/~ol<a. A very striking feature is tim high 
level of  P._,Oa in tubers oF .-lcker.vegen. Ex, en in the mountains  this is rnucl't higher than 
the comparable  figure for Epo/,a. 

3.7. A p o s s i b l e  e x p l a n a t i o n  o f  t he  e n h a n c e d  r e s i s t a n c e  o f  p o t a t o e s  to  
v i r u s  i n f e c t i o n  in tile m o u n t a i n s  

The difl'erences between healthy and virus-infected tubers which exist independently of  
variety and methods and altitude of  cultivation are those of  phosphorus  and po- 
tassium content.  TABi.t! 8 shows thai t,l~e increase of  P.,O.; in virus-infected tubers of  
Epoka is independent of  yield. 
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TABCE 8. Average K~.O and Po.Q-content of potato tubers, healthy and virus-infected, in relation 
to yield 

P o t a t o e s  wi th  s i m i l a r  c r o p s  
Kar to f f eh l  mi t  f ihnlichen Ertri igen 
P. de t. avec  produc t ions  semblab les  

P o t a t o e s  w i t h  d i f fer ing  c r o p s  
Karto f feh l  mi t  unterschiedl .  Ertrgigen 
P. de t. avec produc t ions  d~ff~;rentes 

P o t a t o e s  w i t h  d i f fer ing  c r o p s  
Karto f feh l  mi t  unterschiedl .  Ertr~'igen 
P. de t. avec  product ions  d{ffdrentes 

. \v. crop lit ",, d iy  wt. in ",, 
p. plait0 ' /),tkt 'ne,,, .  - ,'n ",, 

(ke) p,,id~ s,.~ 

K~( ) Pfl )s 

h e a h h y  e 0 , 9 4  2 , 1 8  0 , 6 1 4  

diseased ~ 0 , 9 3  2 , 6 4  0 , 6 9 5  

di f ference ~ - 0 , 0 1  i 0 , 4 6  ! 0 , 0 8 1  

h e a l t h y  e 1 ,42  2 , 2 5  0 , 0 8 1  

diseased :~ 0 , 2 3  2 , 7 6  0 , 7 4 8  

digit, f ence  ~ - 1 ,19  -i 0 ,51  + 0 , 1 9 9  

healthy'-' 1,43 2 , 2 6  0 , 6 2 2  

diseased  :~ 0 , 6 9  2 , 2 3  0 , 6 0  I 

dij]brence '~ - 0 , 7 4  - 0 , 0 3 "  - 0 , 0 2 1  * 

* N o t  significant,  other differences s ignil icant at the 1% level - nicht gesichert, am/ere Unterschie~h, w,.vicherl 
,--it ] ",, - ilo/t sigttilieatil'e. ]es atttres di[l~;ren('es (;tant significatives air nil'eau l ",,. 
Mitt lerer Ertrag ie P[tan:e rdcolte moyetltte po#" plame. 

'-' Gesttnd - saines. 
]qrank - malades. 

* Unterschied-  dill~;rence. 

TABELLE 8. Dm'chschni t t l icher  K,,O- trod P,.Oa-Gehah in Kar to f fb lknol len ,  gesund  mul  l'irtcs'in/i.ziert, 
in bezug  a t ( f  Er t rag  

TABLEAU 8. Teneurs moye#mes en K.,O et P.,O5 de tubercules  sains et Hrosds en relat ion a v e c l a  pro- 
dtlctio#l 

The two varieties investigated, Epoka and Ackersegen, differ considerably in the 
phosphorus content of their tubers. Both in the mountains and in the lowlands and 
in virus-infected and healthy plants, tubers of Ackersege~ always show a higher 
phosphorus content than those of Epoka. 

At the same time, Ackersegen is liable to degeneration through virus disease at 
whatever elevation it is grown. Nevertheless, in this variety also, phosphorus content 
of the tubers decreases with the altitude at which the crop is grown. 

The dwarfing associated with growth at higher altitudes is purely physiological 
and, as has been stated, is to some extent linked with inhibition of virus multiplication 
within the plant. Decrease in phosphorus uptake is also linked with increasing alti- 
tude. In comparison with potassium and other cations, potatoes, particularIy the 
variety Epoka, take up too little phosphorus. As one of the main components of the 
nucleic acids, which in turn form the framework of the virus particle, phosphorus is 
usually absorbed more rapidly by a diseased plant. In the mountains, however, due 
to the combined action of a whole set of environmental factors, uptake of phosphorus 
is impeded, the growth of the plant is restricted and, at the same time, virus multi- 
plication within the plant is inhibited. 
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S U M M A R Y  

hi parallel with the dwarfing effect of mountain 
environnlent on potatoes, virus development 
within tile plants was inhibited. Tubers from 
crops grown in tile mountains consistently had a 
low phosphorus and organic-acid content. When 
seed from thcse crops was grown in the Im~lands 

tile content of both phosphorus and organic acids 
in the tubers was higher as was their [cspiration 
rate. 
The probability that virus multiplication within 
tile plant is dependent o[1 factors affecting grmvth 
is discussed. 

ZUSAMMENFASSUNG 

UNrERS('IIIEI)I-I IN \VA('IISTUM UNI) STOFFWI-('HSEL VON KARI()IWIr IN BERGLAGEN 

UNI) IM TIEFLAND 

Eine enge negative Korrelation wurde festge- 
stcllt zwischen den HOhenlagen der Karpaten 
und dcm durchsehnittlichen Ertrag der Kartof- 
fe lsorten ,-lc/;ersegen, Vortm und Epoka (TAB. I ). 
Wurde  Pflanzgut aus Lagen i.iber 400 m ft. M.  in 
e iner Region yon 200 m ti. M. ausgepflanzt,  so 
fi.ihrte dies zu einer betrfichtlichen Ertragser- 
hOhung im Nachbau (Aim. 2 und 4). 
In HOhen zwischen 400 und 1200 nl ti. M. war die 
Virusvermehrung in Kartofl'elpflanzen gehenlnlt 
(Aml. 1). 
Neben der Wachstumshcmmung durch die Um- 
weltsverhNtnisse in den H6henlagen und der 
stimulierenden Wirkung auf das Saatgut (wcnn 
es im Tiefiand ausgepflanzt wurde), konnten auch 
Untcrschiede im Stoffwechsel der Knollen in Ab- 
hfingigkeit yon der H6henlage beobachtet werden. 
Knollen at,s Best~inden, die in drei atffeinander- 
folgenden Jahren in H6henlagen zwischen 400 
1200 m ti. M, gewachsen waren, wiescn im Ver- 
gleich zu jenen aus denl Tiefland einen niedrigen 
Phosphorgehalt (T,~m 2) und einen hollen Kali- 

geha[t auf. Wenn Knollen aus Lagen i.iber 400 m 
ins Tiefland versetzt ~ urden, stieg der Phosphor- 
gehalt, und der Kaligehalt nahm ab (T.,,u. 3). 
Parallel mit denl Phosphor- und KaIigehalt wur- 
den auch der GehalI an organischen Si.iuren und 
die Respirationsrate der Knollen durch die 
Umweltsverhiiltnisse in den H6henlagen bc- 
einfiusst. In Berglagen zeigte die Solte Epoka 
einen sehr niedrigcn Gehalt an organischer 
Sfiure und eine kleine Respirationsrate der KnoI- 
len (T.,dL 4): wenn die Knollen .iedoch in Krakau 
ausgepflanzt wurden, stiegen beide Werte be- 
trfichtlicll, ebenso der Ertrag. Die Sorte Ac/,er- 
seg,en reagierte unterschiedlich (TAu. 7). 
Verglichen nlit gesunden Knollen war bei virus- 
infizierten Kartoffeln eine deutliche Zunahme im 
Phosphor- und Kaligehalt fcstzustellen, begleitet 
yon einer Abnahme an organischen Siiuren und 
cinem Absinken der Respirationsratc/T-~i~. 5). 
Die Wahrscheinlichkeit, dass die Virusvcrnlehr- 
ung in der Pflanze yon Faktoren abhiingt, (tie das 
WacllStum beeinrlussen, wild diskutiert. 
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R I~SUM I~ 

DIFFI~RENCES DANS LA CROISSANCE ET LE METABOLISME DE POMMI{S DE TERRE 

POUSSI~ES EN MONTAGNES ET EN PLAINES 

I1 existe une 6troitc correla t ion ndgative entre  
l 'a l t i tude dans  les m on t s  Carpa thes  et la pro- 
duc t ion  moyenne  des vari6t6s de p o m m e  de 
terre Ackersegen, Voran et Epoka (TABLEAU 1). 
Le transfert  de p lants  de sites au-dessus  de 400 m 
dons une r6gion ~. 200 m cause  un consid6rablc  
accro issement  de product ion  dans  les rdcoltes 
su ivan tes  ( F ~ .  2 et 4). 
ke d6veloppement  des viroses est inhib6 dans  les 
plants  de p o m m e  de terre poussds  h des al t i tudes 
entre  400 et 1.200 m I FIG. 1 ). 
Out re  l'effct de nan i sme  du milieu " m o n t a g n e "  
et son  act ion s t imulante  sur les plants  transf6rds 
en plaine, des diff+rences s 'observent  dans  le 
mdtabo l i sme  des tubercules  pouss6s  it de 
diffdrentes alt i tudes.  Les tubercules  issus de 
r6coltes poussdes  pendan t  trois anndes successives 
b, des niveaux var iant  entre  400 et 1.200 m 
avaient  une basse teneur  en phosphore  et une 
haute  teneur  en po t a s s ium compara t ivemen t  
ceux pouss6s  en plaine (TABLEAU 2). Q u a n d  les 
plants  6taient transfiSr~s cn Dlaine ~ part i r  de sites 
au-dessus  de 400 m, la teneur  en phosphore  

du tubercule  augmen ta i t  et la tcncur  en potas-  
s ium diminuai t  (TABLEAU 3). 
Parall+lement aux  teneurs  en l~hosphore et en 
po tass ium,  la teneur  en acide organique  et la 
vitesse de respirat ion 6talent dgaIement al:fcct~cs 
par  lc milieu " m o n t a g n e " .  Chez  la wtri~tt3 
Epoka. pouss6c cn mon tagne ,  la teneur  en acides 
o~ganiqucs  et la vitesse de respirat ion des tu- 
bercules se t rouvaien t  h tin niveau tr6s bas 
(TABLEAU 4): reals, apr6s t ransfer t  ',5. Cracovie,  
les deux caract6res mont ra ien t  tin accroissement  
considdrable,  ainsi d 'a i l leurs  que la product ion .  
ka vari/~t6 Ackersegen r6agissait diffdrenanlent 
(TABLEAU 7). 
C ompards  aux  tubercules  sains,  Ics tubercules  
inlectds de virus mont ra icn t  tin aceroisscmcnt  
limite en phosphore  et po tass ium qui s ' accom-  
pagnai t  d ' une  d iminut ion  des acidcs o rgan iques  
et d ' une  chute  de la vitesse de respirat ion 
(TABLEAU 5). 
Est discut6e la probabil i td que la mult ipl icat ion 
du virus dans  la plantc depend  des facteurs  
affcctant la croissanee.  
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