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Summary 

Low temperatures during germination and in the young seedling stage induce an ear­
lier flowering in spinach and chervil. This has important consequences for the yields, 
measured at a specified stage of development. Seed vernalization reduced yields con­
siderably in both crops, especially at the later sowings. After germination at a higher 
temperature (20 °C) for 4 days, yields were considerably higher in both crops, this 
effect being strongest at early sowings for spinach and at late sowings for chervil. 

Introduction 

When a crop is sown in the late spring, higher temperatures occur during the early 
stages of its development. For crops adapted to temperate climates van Dobben (1962) 
observed that increased temperatures accelerated development more than growth, thus 
causing lower yields. If such a crop is also long day (LD) requiring for its develop­
ment, such as spinach (Spinacia oleracea L.) and chervil (Anthriscus cerefolium Hoffm.) 
the yield will drop even more with later sowings (Parlevliet 1967a, b). The longer days 
to which the later sowings are exposed cause an extra acceleration of the develop­
ment relative to growth. 
For spinach and chervil, both 'temperate climate' crops, the practical results were only 
in partial agreement with this expectation. Experiments carried out at Duiven in 1963 
and 1964 showed that the yield of spinach increases with later sowing until a maxi­
mum yield is reached for sowings in the first half of April. Still later sowings do 
indeed show a sharp drop in yield. Sowing date experiments in Northern Italy on 
3 sites with 3 cultivars (cvs) indicated the same relationship between yield and sowing 
date ; the optimal sowing date, however, was found to be about 2 weeks earlier (Mom-
belloni and de Letter, 1964). Similar trials with chervil did not show a yield decrease 
at all ; yields steadily increased with later sowing. 
The data of the above-mentioned experiments are shown in Fig. 1. All spinach cvs 
investigated have similar yield/sowing date curves, the optimum sowing date being 
earlier, the later the cv (Parlevliet, 1967a). In the figure the data of only one cv 
'Nobel', are given. In chervil, too, the cvs behave similarly. Here the data of the 
4 cvs could be averaged because the relationship between yield and sowing date was 
almost a linear one, within the date range tested. 

* Present address : Pyrethrum Research Station, Molo, Kenya (East Africa). 
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Fig. 1 Spinach, cv 'Nobel', and chervil yields in relation to sowing date in spring. 

Relative 
yield 

Vernalization during the germination stage results in earlier flowering in both crops, 
the effect in chervil being much stronger than in spinach. Due to the earlier flower­
ing, yields might be reduced. It was therefore assumed that the initial higher yields 
of spinach and the consistently increasing yields of chervil with later sowing were 
due to a weakening of the vernalization, resulting from the higher temperatures. To 
test this assumption experiments with spinach and chervil were carried out in the 
spring of 1966. 

Methods 

Spinach, cv 'Nobel' (supplier A. R. Zwaan), and chervil, cv 'Gewone' (supplier Gebr. 
Sluis), were sown on 3 dates in soil-blocks of 5 x 5 X 5 cm, which were placed 
in the open air. The sowing dates were 9th March, to seccure natural vernalization 
(nV), 7th April, this being approximately the optimal sowing date for spinach in the 
Eastern part of Holland, and 9th May, to be fairly sure that in spinach no vernali­
zation would occur. On respectively 23rd March, 18th April and 17th May these soil-
blocks were planted in the field, together with seeds germinated in similar blocks 
held at 20 °C for 4 days (non-vernalized, —V) or at 5 °C for 18 days (vernalized, 
+V). The —V and +V treatments were also planted in a glasshouse on the above-
mentioned dates. From the first planting date onwards the temperature in the glass­
house was kept above 12°C to avoid possible vernalization in spinach. Each plot in 
the field or in the glasshouse consisted of a double-row of soil-blocks one meter long. 
The row distance was 0.50 m. There were 4 replicates in the field and 2 in the 
glasshouse. Two to three weeks after emergence the plots were thinned to obtain 
equal plant densities. This resulted in about 30 plants per plot. 
The crops were harvested at a stem length of 7 cm for spinach and 10 cm for chervil. 
Fresh and dry weight of the shoots, number of plants and average stem length were 
determined. 
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Results and discussion 

Spinach 
The emergence of the —V, nV and +V treatments occurred almost simultaneously 
for each sowing, the difference never exceeding 2 days. Table 1 shows the yield data. 
In the glasshouse the yields (fresh as well as dry weights) of the —V and +V treat­
ments strongly decreased with later sowing. Since the temperature in the glasshouse 
was high enough to prevent vernalization after planting, these yield-drops must be 
ascribed to the combined effect of increasing temperatures and increasing daylengths, 
as discussed in the introduction. The average daily glasshouse temperatures between 
planting and harvesting for the 3 sowings indeed increased from 15, to 19 and 23 °C 
respectively. At each sowing "+V" was earlier and yielded less than "—V", confirm­
ing that the acceleration of bolting by seed vernalization considerably reduces the 
yield. 
In the field the situation is more complex because natural vernalization occurs, parti­
cularly at the earlier sowings. The +V treatments yielded less with later sowing, like 
they did in the glasshouse, though the effect was less pronounced. Since vernalization 
was optimal at all 3 sowings, the decrease in yield must also be attributed to the 
increasing temperature and daylength, As the daylength is identical in the field and 
the glasshouse, the much greater yield decrease with later sowing in the glasshouse 
must be attributed to the higher temperatures, suggesting that also under field condi­
tions the increasing temperature is the major yield reducing factor in spinach when 
sown later in spring. 
At the first sowing, Si, in the first half of March, maximal vernalization occurs. 
Therefore the yield and earliness of "nV" and "+V" are similar. At the third 
sowing, S3, the "nV" and "—V" yielded equally well and much better than "+V". 
Apparently the early May sowings are not vernalized at all. For the sowing date S2, 

"nV" takes an intermediate position between "—V" and "+V", indicating that ver-

Table 1 Relative weights (yields) of spinach at a stem 
length of 7 cm in a glasshouse and in the field for three 
sowing dates. The seeds were germinated at about 20 °C 
(—V), in the field (nV) or in a cold room at 5°C (+ V). 

Sowing Glasshouse Field 
date 

—V +V —V nV +V 

Relative fresh weights 
51 
52 
53 

100 27 100 70 71 
50 20 112 83 64 
15 7 64 66 46 

Relative dry weights 
SI 
s2 
S3 

100 28 100 78 77 
44 20 148 103 70 
13 8 70 77 48 

Days from emergence to harvest (earliness) 
51 
52 

53 

49 38 59 56 55 
33 24 48 44 38 
27 23 31 30 27 
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nalization in the optimal sowing period (5-15th April, see Fig. 1) is sub-maximal. 
The treatment of "—V" consists of germination at 20 °C for 4 days. The temperatures 
at the sowing dates Si and S2 are sufficiently low to bring about vernalization. From 
the fact that in these cases "—V" yields better than "nV" and "+V", we may draw 
the conclusion that the temperature has a profound, far-reaching influence, particu­
larly during the first few days of germination. 
It has now clearly been shown that the yield of spinach as a function of the sowing 
date is determined by two opposing tendencies. At later sowings the yield increases 
because of weaker vernalization; on the other hand, yield tends to decrease due to 
higher temperatures and longer daylengths. At intermediate sowing dates a maximum 
yield is obtained, as is apparent from Fig. 1 and Table 1. 

Chervil 
After seed vernalization, bolting and flowering occur rapidly in LD and not at all 
in short-day (SD). Without seed vernalization, flower formation is very late or com­
pletely inhibited (Parlevliet, 1967b). These facts explain the experimental yield/sowing 
date figures, given in Table 2. The emergence of "—V", "nV" and "+V" occurred, 
as in spinach, almost simultaneously for each sowing, differences never exceeding 
3 dayo. 
In the glasshouse, the yields of "—V" increase, whilst those of "+V" decrease with 
later sowing. This decrease may again be attributed to the direct effect of increasing 
temperature and daylength, both stimulating bolting more than vegetative growth. 
The yield increase of "—V" with later sowing must therefore be due to another 
cause. Most likely this is due to a weakening of vernalization, resulting from the 
increasing temperature at, and just after, planting; this temperature increasing from 
12 °C at Si, to 16 °C at S2 and to 20 °C at S3. These are average day-time tempera­
tures, the night temperatures being a few degrees lower. Because vernalization in 

Table 2 Relative weights (yields) of chervil at a stem 
length of 10 cm in a glasshouse and in the field for three 
sowing dates. The seeds were germinated at about 20°C 
(—V), in the field (nV) or in a cold room at 5°C 

Sowing Glasshouse Field 
date 

_V +v —V nV +V 

Relative fresh weights 
Si 100 77 100 77 72 
Sa 324 65 147 88 86 
S3 900 * 44 >200 112 53 

Relative dry weights 
Si 100 81 100 76 70 
s2 327 64 164 99 97 
s3 890 * 42 >256 145 66 

Days from emergence to harvest (earliness) 
s, 39 38 61 59 59 
S2 44 28 48 43 42 
S3 90 25 61 40 33 

* Cut 3 times on 5/7, 3/8 and 17/8 
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chervil may occur at temperatures between 5 and 18°C, some vernalization is to be 
expected at Si and at S2. At Si, natural vernalization of the —V treatment was al­
most optimal as the earliness was only one day less than "+V". At S2, vernalization 
was apparently much less; harvesting took place 16 days after "+V", resulting in a 
much greater yield. It took long before bolting occurred in the S3 plants; vernali­
zation apparently being sharply reduced. These results show that vernalization is the 
most important factor in the bolting behaviour of chervil. 
For the field sowings the same trends are apparent in a moderated way. As the 
field temperatures increase more slowly than those in the glasshouse, the more slowly 
decreasing vernalization in the field gives less pronounced yield increases. At S3 the 
nV trial took up an intermediate position between "—V" and "+V". For spinach a 
similar intermediate position was found at S2. This agrees well with the experimental 
results, which showed that the upper limit of vernalizing temperatures was higher 
for chervil than for spinach (Parlevliet, 1967a, b). 
The yield of chervil in relation to sowing date, when measured at a comparable 
development stage is obviously largely determined by decreasing vernalization at later 
sowing, this effect being more important than those of temperature and daylength. 
In both crops, 4 days of germination at about 20 °C (—V) resulted in a considerable 
greater yield compared with germination in the field (nV). This yield increase was 
highest at early sowings for spinach and at later sowings for chervil. 
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