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Summary 

With a limited number of varieties a comparative study was carried out on growth 
and development in relation to tuber production. 

The results obtained demonstrated that genetic yield differences (differences in 
productivity) are not caused by one single growth or development parameter. The 
intervarietal yield differences were distinctly associated with genetic differences in, 
for example, leaf efficiency and size of the leaf apparatus, rate of stem growth and 
stem development and varietal earlines and were also affected by weather condi­
tions. 

The earlier varieties, in general, were characterized by a higher growth rate and a 
favourable dry matter distibution in the first part of the growing period (June and 
July). On the contrary, productivity of the later varieties was especially enhanced by 
a longer Leaf Area Duration (LAD). This was a result of the slower senescence of 
the foliage in the second part of the growing period (August and September). The 
importance of the relation between stem and tuber growth was more distinct, where­
as favourable tuber/stem ratios were found to be independent of varietal earliness. 

Introduction 

Earlier investigations of potatoes have brought forward several basic facts on 
growth and development of this crop (Wittenrood et al., 1957; Engel & Raeubert, 
1962, 1964; Necas, 1965; Bodlaender, 1978; and others). 

The present study deals with the question whether genetic differences in growth 
and development are related to intervarietal yield differences. 

During three years, growth and development of a limited number of varieties were 
studied in relation to tuber yield in field experiments. 
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Material and methods 

According to the Dutch List of Varieties of Agricultural Crops (Anon., 1969) the 
varieties studied belong to the following earliness groups, in which decreasing easi­
ness is indicated by a lower figure: 5 for Mentor and Irene, 4 for Alpha and 3.5 for 
Pimpernel. In addition to these four varieties a number of other varieties were inclu­
ded in the experiments during two years, viz Noordeling (earliness 6) in 1968, Prudal 
(earliness 7) in 1968 and 1969 and Bintje (earliness 7) in 1969. 

The experiments were carried out in triplicate on sandy soil with a high organic 
matter content at Varsseveld (in the eastern part of the Netherlands) during the 
years 1967, 1968 and 1969. A nitrogen dressing of 200 kg per ha was applied in all 
three years, while plant density in 1967 and 1968 was 60 000 plants per ha and 
62 500 plants per ha in 1969. Presprouted seed tubers in the size 35/45 mm were 
planted in April. 

From the end of May until the end of September/beginning of October three plots 
of each variety were lifted every two weeks and separated into leaves and stems, un­
derground parts (= underground stems, stolons and roots) and tubers. Fresh and 
dry weights were determined of all plant parts. 

For the distribution value of the dry matter in favour of the tubers (DT ) the ratio 
between tuber dry matter increase and total dry matter increase was used. As a mea­
sure for the size of the leaf apparatus during a certain period Leaf Area Duration 
(LAD) was applied. LAD is: average LAI x number of weeks. 

Weather conditions 
Fig. 1 shows for the three experimental years the average global radiation, tempera­
ture and total rainfall in June, July, August and September. In 1967 average radia­
tion was fairly high, average temperature in July the highest with respect to both 
other years, while rainfall in June, July and August was rather low. The year 1968 

average global  radiat ion 

J  cm 2  day* 1  

2000 

average dai ly  temperature  
° C  

20 h 

Fig. 1. Average global radiation, temperature and rainfall during June, July, August and September in 
three successive years. 
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was characterized by a rather low average radiation and a fairly high rainfall, whe­
reas the highest average radiation occurred in 1969 combined with a rather low ave­
rage temperature with a very low rainfall in September. 

Results 

Growth, development and tuber yield 
The trend in growth and development during the growing period has been presented 
in Figs 2 and 3. 
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Fig. 2. Fresh weights of leaves, stems, leaves + stems and tubers during the season. 
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Fig. 3. Dry weights of leaves, stems, leaves + stems, and tubers during the season. 
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The figures demonstrate that leaf growth in the initial period takes a slight lead 
over stem growth, but near or after attaining the stage of maximum leaf weight, leaf 
growth is surpassed by stem growth. So, stem maximum is attained distinctly later 
than leaf maximum. With regard to maximum leaf weight there are no great diffe­
rences between the concerning varieties, although in Irene this maximum is somew­
hat lower compared to the other varieties. Distinct differences are found in the rate 
at which leaf weights drop (see also LAI values in Table 1). The lowest maximum 
value for stem weight was found in Mentor, whereas the highest were observed in 
the varieties Irene and Pimpernel. 

With respect to tuber growth also some variation was found in the moment at 
which tuber growth started. Mentor, for instance, shows a distinct lead over the 
other varieties. With regard to fresh tuber yields, averaged over three years, the va-

Table 1. Average leaf area index (LAI) on the middle of June, July, August and September. 

Time Mentor Irene Alpha Pimpernel 

15 June 5.3 4.9 5.1 5.3 
15 July 5.5 5.2 5.6 6.2 
15 August 2.5 2.8 3.6 4.0 
15 September 0.6 0.5 1.6 2.0 
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rieties Mentor and Alpha attained higher values than Irene and Pimpernel. Conside­
ring tuber dry weights, the yields of Irene are distinctly lower than those of the other 
three varieties. 

Differences between the years are also observed. Relatively slight differences in 
fresh leaf weights are found, being generally somewhat lower in 1969 than in the 
other two years. Great differences were obtained in stem weights; stem weights in 
1969 being the lowest ones as a result of the combination of a high radiation and a 
rather low temperature. Also the fresh tuber yields show differences between the 
years; the largest are obtained in 1967 and the lowest ones in 1969, probably caused 
by the dry month of September. The tuber dry weights show less distinct differences 
between the years. The wet season of 1968 caused the largest increase in stem fresh 
weight and the largest decrease in tuber fresh weight in the variety Irene compared 
with the results of the more moderate season of 1967. 

The trend in the growth rate of the crop (daily total dry matter production per ha) 
during the growing season (Fig. 4, smoothed lines) shows that some differences oc­
cur between the varieties with regard to the maxima attained. Averaged over three 
years the mean maxima in growth rate for Mentor, Irene, Alpha and Pimpernel 
were 264, 269, 247 and 233 kg ha- 'day1, respectively. Another variation is found in 
the moment at which these maxima are attained: Mentor slightly earlier starts grow­
ing at a higher growth rate than the other three varieties. On the other hand, it can 
be observed that when the growth rates are decreasing, the varieties Alpha and Pim­
pernel can maintain a somewhat higher growth rate, with an exception in 1968 of the 
variety Alpha (an average difference of about 50 kg ha'day1). than Mentor and 
Irene. 

Dry matter distribution, growth rate and tuber yield 
The distribution of assimilates to the various parts of the plants is most clearly de­
monstrated in the relation between tuber and stem weight on August 1 (Fig. 5). The 
relation between a lower stem weight and a higher tuber yield is fairly distinct, 
though other effects of e.g. variety and year may have a great influence. 

The relation between the dry matter distribution in favour of the tuber (DT) and 
growth rate (kg total dry matter ha - 'day - ') in the month of June is presented in Fig. 
6. The figure demonstrates that distribution of dry matter in favour of the tubers in­
creases at higher growth rates. In this respect Mentor is the most favourable com­
pared to the other varieties, whereas Irene is most affected by annual influences. 

Dry matter production, growth duration and tuber yield 
The efficiency and size of the leaf apparatus during a certain life span (LAD) is ana­
lysed in relation to the total dry matter production (Fig. 7). During a great part of 
the growing season this relationship is almost linear. Furthermore, a slight interva-
rietal difference can be observed with regard to the total dry matter produced per 
LAD unit. 

The total dry weights of the liftings with the highest tuber yield (dry) rise distinctly 
with increasing LAD values (Fig. 8). Intervarietal differences with respect to LAD 
ultimate values as well as total dry weights are striking. There is also some cor-
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Fig. 4. Growth rate (total dry mat­
ter, kg ha~'day~') during the sea­
son. 
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respondence between LAD and tuber yield, than the dry matter distribution in the 
first part of the growing season. 

Early tuber initiation leads to a dry matter distribution more in favour of the tu­
bers, but it may also lead to a lower total dry weight because the productive period 
of the leaves is shortened. The ultimate effect on the tuber yield within the genetic 
limits of a variety is also dependent on weather conditions. 

Varietal differences in total dry matter and tuber yield in the two growing periods 
June and July are generally months with to most favourable growing conditions. In 
this period the greatest internal competition occurs in the potato between stem and 
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The growth parameters and yield data presented in Table 2 and Table 3, show 
considerable varietal differences. Pimpernel is evidently the variety with the lowest 
values for tuber growth rate and tuber yield. The relative values show that the inter-
varietal differences in tuber yield (Table 3) are expecially due to differences in the 
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distribution of the dry matter and to a less extent to the daily increase of dry matter 
(Table 2). From the beginning of June until the end of July Mentor had the highest 
tuber production, Alpha was second, whereas Irene and Pimpernel were the least 
productive varieties. Attention is called to the fact that the values mentioned with 

Table 2. Average crop growth rate (CGR in kg total dry matter ha ~'day-'), distribution value (DT)' and 
tuber growth rate (kg fresh weight ha^'day-') in June and July. 

Variety Year Period CGR Dx' Tuber growth rate 

Mentor 1967 12/6-24/7 259 0.81 792 
1968 10/6-22/7 267 0.76 733 
1969 16/6-28/7 218 0.85 707 
mean 248 0.81 744 
rel2 120 140 143 

Irene 1967 12/6-24/7 227 0.65 636 
1968 10/6-22/7 176 0.55 420 
1969 16/6-28/7 217 0.76 590 
mean 207 0.65 546 
rel2 100 112 105 

Alpha 1967 12/6-24/7 208 0.66 595 
1968 10/6-22/7 200 0.60 702 
1969 16/6-28/7 240 0.78 111 
mean 216 0.68 692 
rel2 105 117 133 

Pimpernel 1967 12/6-24/7 228 0.62 543 
1968 10/6-22/7 176 0.50 446 
1969 16/6-28/7 213 0.61 572 
mean 206 0.58 520 
rel2 100 100 100 

1 Dx = (tuber DM increase)/(total DM increase.) 
2 Variety with the lowest value of tuber growth rate = 100 %. 
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Table 3. Total dry weight and tuber yield on 1 August in tonnes ha~ 

Variety Year Total Tuber 

DM DM fresh 

Mentor 1967 15.0 10.9 48.3 
1968 14.0 9.7 44.7 
1969 13.1 10.1 43.1 
mean 14.0 10.2 45.4 
re1' 108 142 143 

Irene 1967 14.2 9.0 38.2 
1968 11.1 5.5 25.6 
1969 12.9 9.1 36.0 
mean 12.7 7.9 33.3 
rel' 98 110 105 

Alpha 1967 12.8 7.9 36.3 
1968 14.8 8.9 42.8 
1969 14.6 10.7 47.4 
mean 14.1 9.1 42.2 
rel' 108 126 133 

Pimpernel 1967 13.3 7.6 33.1 
1968 12.4 5.7 27.2 
1969 13.2 8.2 34.9 
mean 13.0 7.2 31.7 
rel' 100 100 100 

1 Variety with the lowest values of tuber yield = 100 %. 

regard to tuber growth rates are lower than the actual values, because in this case the 
average tuber growth rate was calculated from the very first stage of tuber growth. 
From the beginning of July the values undoubtedly will be higher in all the varieties 
with only small differences between the varieties. 

For the second part of the growing period, apart from some redistribution of assi­
milates in the foliage, it is mainly the leaf areas still present that determines the daily 
total dry matter increase (Fig. 9) and this in its turn the rate of tuber production 
(Fig. 10). It should be noted that according to LAD value, Irene (Fig. 9) shows a 
lower growth rate than expected. In this period Pimpernel and Alpha are the most 
próductive varieties. Mentor and Irene produce less compared to the first part of the 
growing period, which is also shown by the data in Table 4. 

The effect of varietal differences in both parts of the growing period is expressed 
in the total dry matter and tuber yield at the final harvest in September (Table 4). 
Alpha appeared to be the most productive variety, followed by Mentor and Pimper­
nel, whereas Irene was found to be the least productive. 
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Table 4. Total dry weight and tuber yield at the end of September and increase in tuber fresh weight from 
1 August till the end of September in tonnes ha~ 

Variety Year Date1 Yield end of September Increase tuber fresh weight 

total tuber between 1 August and end of 

DM 
tuber 

September 

DM fresh 

Mentor 1967 25/9 17.7 16.0 66.1 17.8 
1968 23/9 18.4 16.5 67.7 23.0 
1969 29/9 13.7 12.8 52.2 9.1 
mean 16.6 15.1 62.0 16.6 

Irene 1967 25/9 16.5 14.4 58.2 20.0 
1968 23/9 14.0 11.3 48.0 22.4 
1969 29/9 13.2 11.7 47.1 11.1 
mean 14.6 12.5 51.1 17.8 

Alpha 1967 25/9 19.2 16.1 72.8 36.5 
1968 23/9 17.4 14.6 66.3 23.5 
1969 29/9 17.3 15.1 65.7 18.3 
mean 18.0 15.3 68.3 26.1 

Pimpernel 1967 25/9 18.8 15.6 65.0 31.9 
1968 23/9 19.9 15.5 61.6 34.4 
1969 29/9 14.6 12.3 48.0 13.1 
mean 17.8 14.5 58.2 26.5 

1 As an average of the two last harvest dates. 

Discussion 

The differences in growth and development of the varieties studied on the one side 
are due to differences in varietal earliness and on the other side to differences within 
a group of earliness. The effect of varietal earliness was already demonstrated in a 
study of Wittenrood et al. (1957). Data from the Dutch List of Varieties of Agricul­
tural Crops also indicated this effect (Gmelig Meyling, 1976). Mentor for instance is 
earlier than Pimpernel which is expressed in the shorter duration of the growing pe­
riod. This phenomenon was already observed by Reestman (1968). 

Besides varietal earliness, early nitrogen deficiency may also lead to rapid senes­
cence and therefore to a shorter growing period. However, in these experiments 
there was no evidence of a nitrogen deficiency. The nitrogen application in the expe­
riments was rather high. Varietal differences within one group of earliness were to 
be seen most clearly by a comparison of Mentor and Irene. In Irene stem growth was 
more pronounced than in Mentor, expecially in 1968 a year with high rainfall; as a 
result tuber production of Irene is affected more adversely than that of Mentor. The 
comparison of Pimpernel and Alpha in this respect shows a somewhat similar pic­
ture. 

Growth rate, as an indication for photosynthesis, partly follows the natural seaso-
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nal trend of the light curve and partly leaf development: an increase until the end of 
June/beginning of July and then a gradual fall by declining radiation and senes­
cence of the foliage. The growth rate of Mentor, attaining its maximum earlier than 
the other varieties, may be related to varietal earliness, but it may as well be caused 
by another varietal difference. The less rapid decrease in the growth rates of Alpha 
and Pimpernel is caused by a retardation in the senescence of the foliage; both these 
varieties are later than Mentor and Irene. 

The combined effect of daily dry matter production and distribution of the dry 
matter in the first part of the growing season results in differences in tuber yield at 
the end of this period. In this case Mentor shows the highest values. In the second 
part of the growing season, August and September, on the other hand, the size of 
the leaf apparatus present almost determines the increase of total and tuber yield. 

The relation between LAD and dry matter production also corresponds with the 
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findings of Bremner et al. (1966) and Reestman (1968). 
Varietal earliness affects LAD-values, since LAI drops more sharply in early than 

in late varieties due to more rapid senescence of the foliage. Therefore LAD of the 
early varieties may be considered as a limiting factor for production. The annual ef­
fects on the size of LAD were fairly great, which may be due to the differences in en­
vironmental conditions. Such effects were also seen in the study of Necas (1968). 

The differences in efficiency of the leaf apparatus (total dry matter production 
per LAD unit), as demonstrated by Fig. 6, may be caused by varietal differences in 
photosynthesis rate and crop structure. This should correspond with the findings of 
i.a. Meinl (1967) in photosynthesis studies, in which the early varieties showed a 
higher photosynthesis rate earlier in the growing period than the late varieties. 

Relatively early varieties, provided they have a leaf apparatus of reasonable size, 
can benefit from a favourable leaf efficiency and dry matter distribution in the pe­
riod June and July which under Dutch conditions is potentially the most favourable 
(Sibma, 1977). 

Reduced stem growth favours tuber growth which was demonstrated by Bodlaen-
der (1978) in a study on the effect of growth retardants. This relationship is also as­
sociated which the fact that early varieties generally show less rapid stem growth 
compared with late ones. The conclusions may be drawn that stem growth as well as 
tuber growth and development are associated with varietal earliness. Neäs (1968) 
distinguished in potato varieties leafy, stemmy and intermediate types. Engel & 
Raeuber (1962) also found differences in stem growth due to differences in varietal 
earliness in allometric studies. 

Differences in distribution values (DT) are frequently neglected, whereas these 
may indeed be of importance for the final tuber yield (i.a. Necas, 1965; Loomis et 
al., 1971). 

The fairly distinct positive relation between dry matter distribution and growth 
rate might support the hypothesis time and rate of tuber initiation and growth in the 
initiatal phase (June) determine the extent of photosynthesis (i.a. Gifford, 1965; 
Nösberger & Humphries, 1965; Milthorpe & Moorby, 1966; Moorby, 1970). So a 
higher growth rate (i.e. rate of photosynthesis) may be due to an advantage in sink 
formation (tuber growth); however, a parallel trend of both phenomena is also pos­
sible. The latter assumption would correspond with the study of Moll & Henninger 
(1978) who also found maximum photosynthesis values with leaves of intact plants 
as well as with isolated leaves where tubers could not function as sinks. 
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