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SUMMARY 

S. chacoense and S. demissltm were raised in growth rooms in four temperature regimes and two 
photoperiods. Leaf number to flowering was less in a night temperature of 15C than in a night 
temperature of 21 :'C. In some, and possibly in all, environments used, the weight of the whole plant 
at tuber initiation was least in a constant temperature of 21 ~C. Time to flowering and to tuber initia- 
tion was also reduced in environments which increased the growth rate. 
The growth rate of S. chacoense was increased more by raising the day and night temperature from 
15 cC to 21~ than that of S. demisstpm. Temperature and photoperiod interacted in their effects upon 
growth and development of the two species (riG. 1). With S. demissttm growth of whole plants, tops, 
roots and stolons were affected differently by changes in temperature in the two photoperiods (riG. 
1-4). 
Differences in relative growth of tops and roots depended on the effect of temperature on time of 
initiation of stolons and tubers, rather than its effect in altering directly the balance between tops and 
roots (TABLE 2). There were indications that this relationship would not hold in all environments. 

1. I N T R O D U C T I O N  

This paper compares  the growth and development o f  two tuberous solanum species 
grown at different temperatures:  S. chacoense BITT., which tubers in any photoperiod,  
and S. demissum LINDL., which tubers in short photoperiods only. These were raised 
in growth rooms in which light intensity, temperature,  photoper iod  and humidity 
were controlled. 

2. EXPERIMENTAL 

Two growth rooms with the same light intensity (1000 f.c. = 10.753 lux) and relative 
humidity (65~o) were used: one room was kept at a constant  temperature of  21 ~ 
and the other at 15~ Each room contained 128 seedlings of  each species which were 
raised by methods described in a previous paper (ALvEY, 1963). 

In the first experiment plants were grown in a photoper iod of  10 hrs under the 
following temperature regimes: 21~ (light period)/21~ (dark period), 21~176 
15~176 and 15~176 These were obtained by transferring half  the plants f rom one 
room to the other at the beginning and end of  the 10-hr light period. 
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In the second experiment the photoperiod was 14 hrs, obtained by extending the 
10-hr period at 1000 f.c. with a 4-hr period at 15 f.c. (161 lux). The temperature 
regimes were the same and transfers were made, as before, at the beginning and end 
of the 10-hr period at 1000 f.c. 

The 21~176 regime is similar to that which previous workers have considered 
optimum for tuber growth (GREGORY, 1954; ENGEL and RAEUBER, 1961). 

Random samples of plants of each species were taken during the course of the 
experiment. Each sample consisted of eight plants and the dry weights of tops, roots, 
stolons, and tubers were recorded separately. The stem apices were also dissected out. 
The first sample was taken about 20 days after pricking-out. 

3. RESULTS 

TABLE I shows the effects of the four temperature regimes on flowering of the two 
species. Day temperature had little effect on the number of leaves initiated below 
the first inflorescence, but leaf number to flowering at a night temperature of 21~ 
was greater than that at a night temperature of 15~ particularly in the 14-hr 
photoperiod. The time to flower initiation and to anthesis of S. chacoense was less at 
a day temperature of 21~ than of 15~ With S. demissum the time to flower 
initiation was less at a day temperature of 21~ in the 10-hr photoperiod; anthesis 
did not occur. In the 14-hr photoperiod time to flower initiation and to anthesis was 
less at a night temperature of  15~ than at a night temperature of 21 ~ 

The graphs in HG. 1 show the increase in log dry weight of whole plants and tubers 
with time. With S. chacoense in both photoperiods the weight of whole plants was 
greatest in the 21~176 regime followed by the weights in the 21~176 15~176 and 
15~176 regimes in descending order. With S. demissum in the 10-hr photoperiod the 
weights of whole plants were greatest in the 21~176 and 21~176 regimes and least 
in the 15~176 regime. In the 14-hr photoperiod the weights of plants were greatest 
in the 21~176 and 15~176 regimes and least in the 15~176 regime. 

With S. chacoense in the 10-hr photoperiod the weight of tubers was greatest in 
the 21~176 regime, and least in the 15~176 regime. The weights of tubers in the 
21~176 and 15~176 regimes were similar. In the 14-hr photoperiod weights of 
tubers were greatest in the 21~176 regime, less in the 15/15~ and least in the 21~ 
15~ regimes. Tubers had not been initiated in the t5~176 regime when the ex- 
periment ended. With S. demissum in the 10-hr photoperiod the weights of tubers at 
the last two samplings were similar in the 21~176 and 21~176 regimes, although 
the weight of tubers in the 21~176 regime was greatest initially. Smaller weights of 
tubers were produced in the other two regimes, and initially the weight of tubers in 
the 15~176 regime was greater than that in the 15~176 regime. S. demissum did 
not initiate tubers in the 14-hr photoperiod. 

The graphs in F~G. 2 show the increase in log dry weight of tops with time. With S. 
chacoense the weights of tops in the 10-hr photoperiod in the different temperature 
regimes followed a similar sequence to the weights of whole plants. In the 14-hr 
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FIG. 1. G r o w t h  o f  w h o l e  p l a n t s  and  t ube r s  
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FIG. 1. Ddveloppement des plantes entikres et des tubercules 



FIG. 2. G r o w t h  o f  tops  
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AnB. 2. Wachstum tier oberirdischen Pflanzenteile 
FIG. 2. D~veloppement des parties adriennes 
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photoperiod the weights of tops were greatest in the 21~176 and 21~176 regilnes 
and least in the 15~176 regime. With S. demissum in the 10-hr photoperiod the 
weights of tops were similar in the 21~176 21~176 and 15~ regimes and least 
in the 15~176 regime. At the last sampling the weight of tops was greatest in the 
15~176 regime. In the 14-hr photoperiod the weights of tops were greatest in the 
21~176 and 15~176 regimes and least in the 15~176 regime. 

The graphs in FIG. 3 show the increase in log dry weight of roots with time. With 
S. chacoense in the 10-hr photoperiod the weights of roots in the different regimes 
followed a similar sequence to the weights of whole plants and of tops. In the 14-hr 
photoperiod the weights of roots were greatest in the 21~176 and 21~176 regimes, 
and least in the 15~176 and 15~176 regimes. With S. demissum in the 10-hr 
photoperiod the weights of roots were greatest in the 21~176 and 21~176 regimes 
and least in the 15~176 regime. At the last sampling, however, the weight of roots 
was greatest in the 15~176 regime. In the 14-hr photoperiod the weight of roots 
was greatest in the 21~176 and 15~176 regimes and least in the 15~176 regime. 

The graphs in FIG. 4 show the increase in log dry weight of stolons with time. With 
S. chacoense in both photoperiods the weights of stolons were greatest in the 21~176 
and 21~176 regimes and least in the 15~176 regime. With S. demissum in the 10-hr 
photoperiod the weights of stolons were greatest in the 21~176 and 21~176 
regimes and least in the 15~176 regime, except at the last sampling. In the 14-hr 
photoperiod the weights of stolons were greatest in the 15~176 and 21~176 
regimes and least in the 15~176 regime. 

In certain cases in the 10-hr photoperiod growth in the 15~176 and 15~176 
regimes approaches or overtakes that in the other two. This is probably due to the 
early initiation of tubers at the day temperature of 21~ which leads to an early onset 
of senescence and reduced growth of tops, roots and stolons. 

TABLE 2 shows ratios of dry weights of parts of plants to dry weights of whole 
plants. At the earliest sampling date the ratios are similar for plants of both species 
growing in all four temperature regimes. At the two later sampling dates the ratios 
differ between the temperature regimes. However, S. demissum growing in the 14-hr 
photoperiod did not initiate tubers, and the ratios for plants growing in three of the 
temperature regimes are similar at the two later sampling dates also. 

4. DISCUSSION 

Early flowering occurred in temperature regimes which reduced the leaf number to 
flowering and increased the growth rate. For example, flowering was early in the 
21~176 regime as the higher day temperature increased the growth rate and the 
lower night temperature reduced the leaf number to flowering. 

Early tubering occurred in temperature regimes which increased the growth rate 
and, when tubering occurred, the growth rate in the 21~176 regime was as great as, 
or greater than, that in the other regimes. It would be expected that early tubering 
would occur also in regimes where the weight of the whole plant at tuber initiation 
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FIG. 3. G r o w t h  o f  r o o t s  
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ABB. 3. Wachstum der Wurzeht 
FIG. 3. Ddveloppement des racines 



FIG. 4. G r o w t h  o f  s t o l o n s  
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ABB. 4. Wachstum der Stolonen 
FIG. 4. Ddveloppement des stolons 



THE EFFECT OF T E M P E R A T U R E  ON T W O  TUBEROUS SOLANUM SPECIES 

was low. With S. chacoense in the 14-hr photoperiod this weight was least in the 
21<J21<;C regime. In the 10-hr photoperiod also, there were indications that this 
weight was least in the 21~ regime for S. chacoense and for S. demissum. Thus 
tuber initiation in the 21;'/21~ regime was earlier than, or as early as, tuber initiation 
in the other regimes. Neither high day nor high night temperature alone induced 
early tuber initiation in all environments. It seems that early tuber initiation is induced 
in plants growing at a constant temperature, and that 21"C is nearer to the optimum 
for early initiation than 15~ Subsequently the growth rate of tubers may be more 
rapid ira other environments, and, in the 10-hr photoperiod the weights of tubers 
in the 21~'/21':C and 21':'/15:C regimes were similar at the last sampling date. It has 
been stated that tuber initiation of cultivars starts earlier at low than at high tempera- 
tures (BODLAENDER, 1963). This was considered to be particularly true of night 
temperatures, but BORAH and M I LTItORPE (1959) found that the time of tuber initiation 
of a cultivar growing at a day tenlperature of 20~'C was little affected by varying the 
night temperature from 15 to 20 'C  under controlled conditions. However, tinder 
fluctuating natural conditions they found tuber initiation was hastened by a decrease 
of the mean night temperature from about 18 ~ to 13:C. 

The growth rate of S. chacoeHse was increased by raising the day and the night 
temperature from 15~Cto21 C, provided that the night temperature was not higher 
than tile day temperature. Tile growth rate of S. demissum was not increased as much 
as that of S. chacoense by raising the day temperature and was unaffected, or even 
decreased, by raising the night temperature. The night temperatures at the kigh 
altitudes where S. demissum grows will be lower than those at the low altitudes where 
S. chacoense is found. Probably the optimum temperature for growth of S. chacoense 
is above 21 of ,  as DAvis (1941) working with S. commersonii, a species of" the same 
series which also grows at low altitudes, obtained good growth at 25':'C. 

Photoperiod and temperature interacted in their effects upon growth and develop- 
ment. With both species the differences in leaf number to flowering at the two night 
temperatures were greater in the 14 hour than in the 10-h." photoperiod. S. chacoense 
tubers were initiated earlier in the 21:/15~ regime than in the 15~/15"C regime in the 
10-hr photoperiod, but this order of initiation was reversed in the 14-hr photoperiod. 
With S. demissum growth of whole plants, tops, roots and stolons were affected 
differently by changes in temperature in the two photoperiods. These temperature- 
photoperiod interactions followed partly from the weak growth of S. demissum in 
the 21~ regime in the 14-hr photoperiod. Plants grown in this environment had 
tall spindly stems, small pale leaves, and poorly developed root systems. These are 
characteristics of etiolation and it is possible that the weak growth was associated 
with restricted translocation typical of etiolated stems (PRIESTLEY, 1926). 

Differences in relative growth of tops and roots depended on the effect of tempera- 
ture on time of initiation of stolons and tubers, rather than its effect m altering 
directly the balance between tops and roots. Relative weight of tops and roots at 
the earliest sampling (TABLE 2) were similar in all temperature regimes, and differences 
ira relative weights at the later samplings occurred when early stolon or tuber initiation 
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N. G. ALVEY 

had decreased the relative weights of tops and roots. With S. demissum in the 14-hr 
photoperiod, in which tubers were not initiated, the relative weights in three tempera- 
ture regimes were similar at the later samplings also. The fact tlnat they were not 
similar in the 21~ regime indicates that this relationship may not hold in all 
environrnents. 

ZUSAMMENFASSUNG 

EINFLUSS DER TEMPERATUR AUF ZWEI KNOLLENBILDENDE SOLANUM-ARTEN 

S. chacoense und S. demissum wurden in Klima- 
kammern bei vier verschiedenen Temperatur- 
bedingungen gezogen : 21 : C ( Lichtperiode)/21 C 
(Dunkelperiode); 21:/15'C, 15 /21~C, 15/15:C. 
Dazu kamen zwei Photoperioden zur Anwen- 
dung, die eine yon 10 Smnden bei 1000 f.c. 
(10753 Lux), die andere yon insgesamt 14 Stun- 
den, das heisst 10 Slunden bei 1000 f.c. plus 4 
Stunden bei 15 f.c. (161 Lux). 
Bei einer Nachttemperatur yon 15 C blieb die 
Anzahl der B1/itter unterhalb der ersten B10.ten 
kleiner als bei einer Nachttemperatur von 21 C 
(TABELLF I). Unter einigen, m6glicherweise aber 
unter alien angewandten Umweltsbedingungen 
war das Gewicht der ganzen Pflanze zu Beginn 
tier Knollenbildung bei einer konstanten Tempe- 
ratur von 21 C am geringsten (Am~. I). 
Die Wachstumsrate yon S. chacoense stieg bei 
Erh/Shung der Tag- und Nachttemperatur yon 
15 C auf 21 :C unter der Voraussetzung, dass 
die Nachttemperatur nicht h/3her war als die 
Tagestemperatur. Die Wachstumsrate von S. 
demissum nahm bei Erh6hung der Tagestempe- 
ratur nicht so stark zu wie jene yon S. chacoense, 
und sie blieb unverfindert oder nahm sogar ab, 
wenn die Nachttemperatur erhOht wurde (.aBB. 
1~1. 
Friihes Bltihen trat ein beim Verfahren 21 "/15 C, 
bei welchem die h/Shere Tagestemperatur die 
Wachstumsrate erh6hte und die tiefere Nacht- 
temperatur die Zahl der Blfitter unterhalb der 
ersten Bli.iten herabsetzte (TABELLE I). 
Friihe Knollenbildung erfolgte beim Verfahren 

21/21 'C, bei welchem die Wachstmnsrate ebenso 
gross oder gr6sser war wie bei den andern Ver- 
fahren und das Gewicht der ganzen Pflanze zu 
Beginn der Knollenbildung ebenso niedrig oder 
niedriger blieb wie bei den andern Verfahren. 
Photoperiode und Temperatur beeinflussten ein- 
ander in ihrer Wirkung auf das Wachstum und 
die Entwicklung. Bei beiden Arten waren die 
Unterschiede in der Zahl der Bl/itter unterhalb 
der ersten B1//~ten bei den beiden Nachttempera- 
turen der 14sl.tindigen Photoperiode gr6sser als 
in jener yon 10 Stunden Dauer (TABELt.E I). Bei 
S. chacoense begann die Knollenbildung im Ver- 
fahren21 /15 Cfri iheralsim Verfahren 15 /15 C 
bei der 10sttindigen Photoperiode, doch wurde 
diese Reihenfolge in der 14sttindigen Photo- 
periode umgekehrt (TABELLE I ). Bei S. demissum 
wurde das Wachstum der ganzen Pflanzen, der 
oberirdischen Pflanzenteile, der Wurzeln und der 
Stolonen durch den Temperaturwechsel in den 
beiden Photoperioden (ABB. IM-) unterschiedlich 
beeinflusst. 
Die Unterschiede inn relativen Wachstum tier 
overirdischen Pflanzenteile und der Wurzeln 
hingen eher v o n d e r  Wirkung der Temperatur 
auf den Zeitpunkt der Stolonen- und tier Knol- 
lenbildung ab als yon ihrer Wirkung, das 
Gleichgewicht zwischen oberirdischen Pflanzen- 
teilen und Wurzeln direkt zu ver/indern (TA- 
I~ELLE 2). ES ergaben sich abet Anhaltspunkte, 
dass dieser Zusammenhang nicht unter allen 
Umweltsbedingungen gleich bleibt. 

RI~SUME 

L'EFFET DE LA TEMPI~RATURE SUR DEUX ESPECES TUBI~RIFF2RES DE SOLANUM 

Ona  fait pousser dans deschambresdecroissance 15C. Deux photoperiodes ont 4t6 utilis4es: une 
S. chacoense et S. demissum /t 4 regimes de tern- de 10 h a I000 f.c. (10.753 lux), I'autre de l0 h h 
p6rature: 21~C (pdriode de lumi6re)/21"C (p6- 10.753 ]ux plus 4 h ~ 15 f.c. (161 lux). 
riode d'obscurit6), 21/15 'C,  15:/21 C et 15/ Le nombre de feuilles jusqu'fl la floraison 6tait 
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THE EFFECT OF TEMPERATURE ON TWO TUBEROUS SOLANUM SPECIES 

moindre ~. la temperature de nuit de 15~ qu'h 
la temperature de nuit de 21 :'C (TABLEAU t). 
Darts quelques et peut-etre dans toutes les con- 
ditions de milieu r6alisees, le poids de la plante 
entiere lors de l'initiation des tubercules etait le 
moindre ~. la temperature constante de 21 'C 
(FIG, I ). 
La vitesse de croissance de S. chacoense augmen- 
tait a la suite de l'elevation de la temperature de 
jour et de nuit de 15:C b, 21 :C, pourvu que la 
temperature de nuit fur moins elevee que la 
temperature de jour. La vitesse de croissance de 
S. demissttm n'augmentait pas autant que celle 
de S. chacoense "~ la suite de l'elevation de la 
temperature de jour et n'etait pas affectee, ou 
nab.me diminuait, Iors de I'elevation de la tempe- 
rature de nuit (FIGS. 1-4). 
Une floraison precoce apparaissait au regime 
21/15 C dans lequel la temperature de jour plus 
6levee augmentait la vitesse de croissance, et la 
temperature plus basse de nuit diminuait le 
nombre de feuilles jusqu'h la floraison (TA- 
BLEAU 1 ). 
Une tuberisation precoce apparaissait au re- 
gime 21 ~/21 C, dans lequel Ia vitesse de croissance 
est aussi haute ou plus haute que darts tout autre 
regime, et le poids de la plante enti6ie au moment 

de l'initiation des tubercules 6tait aussi bas, ou 
plus bas, que dans tout autre regime. 
La photoperiode et la temperature avaient des 
actions reciproques dens leurs effets sur la 
croissance et le developpement. Chez les deux 
especes, les differences dans le hombre de feuilles 
jusqu'~, la floraison aux deux temperatures de 
nuit etaient plus grandes dans la photoperiode 
de 14 h que dans celle de 10 h (TABLL~',U I). 
L'initiation des tubercules dans S. chacoense 
etait plus precoce au regime 21/15:C qu" fl celui 
de 15 /15:'C dans la photoperiode de 10 h, mais 
l'ordre d'initiation 6tait inverse dens la photo- 
periode de 14 h (FIG. 1). Chez S. demissum la 
croissance des plantes entieres, des parties 
aeriennes, des racines et des stolons 6talent 
affectes differemment par les changements de 
temperature dens les deux photoperiodes (FIG. 
1-4). 
Les differences dens la croissance relative des 
parties aeriennes et racines dependaient de I'effet 
de la temperature sur le n~.oment de I'initiation 
des stolons et tubercules, plut6t que d'un effet 
direct de modification de la balance entre parties 
aeriennes et racines (TABLEAU 2). 11 y a des in- 
dications que ces relations ne se maintiendraient 
pas dans tousles milieux. 
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