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Summary 

Winter cereals require a cold period to enable the plants to reach the stage of flowering and ear 
production in the next period of optimal daylength and temperature. In latitudes where winter 
cereals are grown this is duly taken into account to enable the germinating seed and seedlings to 
remain at low temperatures for the desired period. When these cereals are sown in spring they 
may perhaps differentiate flower primordia, be it with much delay, but generally no ears are 
formed. Many early attempts have been made to meet this cold requirement artificially, while more 
recently the influence of daylength has also been included in this research. 

1. Introduction 

MCKINNEY (1940), also quoted by WHYTE (1948) and THOMPSON (1953), refers to a 
report by KLIPPART from 1857, dealing with the results of winter wheat sown in 
spring after a pre-treatment at low temperatures. KLIPPART stressed herein the impor
tance of using germinating seed, hampered in growth by low temperatures, until it 
was sown in spring so that, in fact, he recorded the principle of seed vernalization 
for the first time. 
KURTH (1955) mentioned VON SEELHORST'S experiments in 1898, those of APPEL and 
GASSNER in 1907, and FRÜHWIRT'S experiments in 1907. VON SEELHORST placed ger
minating seed of winter rye, winter barley and winter wheat at 2—5° C during 2—4 
weeks, resulting in a maturation of the plants in the year of sowing. APPEL and 
GASSNER, and FRÜHWIRT, investigated the influence of temperature during germina
tion on the further development of cereals. 
GASSNER (1918), also mentioned by WHYTE (1948) and KURTH (1955), observed that 
winter cereals require a cold period specific for each species, i.e. each species needs 
a different treatment at temperatures of around 0° C to initiate flower primordia. 
An other investigation in which summer and winter rye were sown at 1—2°, 5—6°, 
12° and 24° C showed that summer rye will shoot without a preliminary cold period, 
while winter rye required a certain period at low temperatures either during ger
mination or in a later stage. 
PURVIS (1934) found by microscopic examination of the growing point during growth 
that differentiation of flower primordia is not only influenced by temperature during 
germination, but also by daylength in the period following cold treatment. These 
factors determine the growth rate of the meristematic growing point as well as the 
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number of leaf primordia preceding floral initiation. Under the most favourable con
ditions the plant produces a minimum of seven leaves, while a maximum of 25 is 
reached under unfavourable conditions. 
PURVIS concluded from this that the first seven primordia will always develop into 
leaves (stable primordia), from the 8th onward into a leaf or a flower (labile pri
mordia) according to conditions and after the 25th always into a flower. As the 
vegetative phase is terminated by the initiation of flower primordia, PURVIS and co
workers (GREGORY, 1937 and 1948; GOTT, 1955) assumed that the leaf number is 
a standard for the relative rate of vegetative growth. This assumption is also men
tioned by VAN DE SANDE BAKHUYZEN (1947), WHYTE (1948), LANG (1952) and HANSEL 
(1953). 
In experiments with summer and winter wheat MCKINNEY and SANDO (1935) also 
found that temperatures and photoperiods, stimulating early ripening, resulted in a 
reduced number of leaves and internodes on the main stem in winter wheat. 
MAXIMOV and POJARKOVA (1925) observed that vernalized and non-vernalized winter 
wheat will shoot at approximately the same time after wintering in the greenhouse. 
In view of this they assume that short day during the winter months and cold treat
ment have a similar effect on reproductive development. In a later research, however, 
MAXIMOV (1930) only put down a retarding effect of short-day treatment on shooting. 
GREGORY and PURVIS (1937) observed that flower primordia were sooner initiated 
in short day than in long day when the seed was germinated at 18° C, but for further 
development the short-day treatment had to be followed by a long-day period. In 
non-vernalized winter rye a short-day period of 6 weeks after sowing, followed by 
long day, resulted in an acceleration which is expressed, amongst others, by a reduc
tion in leaf number from 25 to 16. If, however, short-day treatment was continued 
plant development was retarded. 
Floral initiation accordingly may be advanced by a cold treatment as well as by a 
preliminary short-day treatment. The same reaction has been found by Voss (1939), 
DENFFER (1939) and VAN DE SANDE BAKHUYZEN (1947) in winter barley and by FEEKES 
(1941) in winter wheat. 
GREGORY and PURVIS (1937) account for the reactions of germinating seed to cold 
and short-day treatment by assuming the production of a flower hormone, affecting 
the labile primordia with various effects according to prevailing conditions. The inter
relations of various influences were represented as in the scheme below (also men
tioned in VAN DE SANDE BAKHUYZEN, 1947; MELCHERS and LANG, 1948; WHYTE, 1948; 
LANG, 1952; HANSEL, 1953 and GOTT, 1955). 

E leaf hormone 
a 

i 
A < —> A1 > B < —> C > D 
high-temperature thermolabile thermostable precursor of flower 
precursor substance substance flower hormone hormone 

(vernaline) (florigen) 

The substance A, present in the grain, is transformed via A1 into the hormone-like 
substance B. The reaction can be accelerated by low temperatures. The substance C 
is formed when B has reached a certain concentration and this is stimulated by short-
day treatment. Under favourable day-length conditions, i.e. long day, the substance C 
will be transformed into the flower hormone. When short-day treatment is continued 
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after C, the reaction C —D is blocked until a certain concentration is reached. 
After this the reaction will reverse and an equilibrium will be reached with B. An 
additional reaction B—>- E composes a leaf hormone E. 
VAN DE SANDE BAKHUYZEN (1947) assumed the production of more hormone-like sub
stances. The protocaline present in the grain is transformed into rhizocaline, phyllo-
caline, caulocaline and vernaline. The influence of the low temperature induces the 
formation of an enzyme in the grain, vernalase, which has a catalysing effect on the 
reaction protocaline —>• vernaline. He assumes an "interphase" between the "thermo
phase" and "photophase", in which short-day treatment has an accelerating effect on 
sub-optimally vernalized plants. During this phase vernaline is accumulated and after 
a certain value has been reached this leads to the formation of anthocaline (see also 
WIEBOSCH, 1950). 
HANSEL (1951) indicates the differences between plants after a cold period and those 
after a short-day treatment with regard to the leaf and flower primordia in the 
growing cone. After an optimal cold treatment the flowering stage may be reached 
without an increase in primordia. If plants are kept at optimal temperatures and 
daylength (long day) conditions after the cold period, only seven leaf primordia will 
be initiated and the number of spikeiets per ear will remain low as well. Under short-
day conditions, however, the rate of growth of the growing point is larger than under 
long-day conditions and many (twenty five) leaf primordia are initiated. If short day 
is followed by a long-day treatment, a part of the labile primordia will change into 
flower primordia and thus a relatively great number of spikeiets per ear are produced. 
RAZUMOV and OLEINIKOWA (1960) made short-day vernalization dependent on temper
atures. At high temperatures no vernalization takes place and daylength will not have 
any effect on the development of winter cereals. If, however, cold treatment has not 
been optimal for a rapid vernalization, with regard to temperature and/ or duration, 
the development of winter cereals may be accelerated by the effect of short day. 
EVANS (1960), studying Lolium species and Poa pratensis, observed that in continu
ous day as well as in short day (8 hours) temperatures up to at least 10° C still 
resulted in complete vernalization. At higher temperatures vernalization was incom
plete. With a photoperiod of 16 hours, however, a temperature of 7° C did not appear 
to be sufficient for complete vernalization. The possibility of vernalizing at higher 
temperatures in short day was due to the effect of cold-vernalization completed by 
that of short-day induction. The fact that there were no inhibitive reactions during 
a nyctoperiod, explained also that higher vernalization temperatures could be used 
in continuous day. Contrary to PURVIS and GREGORY'S observation that the vernaliza
tion effect was considerably decreased by subjecting the plants to short periods of 
20° C during the cold treatment, EVANS found that for Lolium perenne, which has a 
much larger cold requirement, this evidently was a most effective cold treatment, pro
vided the high temperatures were applied during the day (8 hours) followed by 16 hrs 
at 7° C. He also explained this by the fact that the 20° C were applied during the 
photoperiod and accordingly without the inhibitive effect of the nyctoperiod. 

2. Statement of the problem 

Differentiation of the flower primordia may be considered as the most fundamental 
in the life cycle of a plant. At this stage the vegetative phase changes into the re
productive phase and the number of leaf primordia preceding this may be taken as 
a standard of the relative rate of the vegetative growth. 
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PURVIS observed that this differentiation is influenced by low temperature as well as 
by short day. The effect of low temperature is localised in the apical meristem, 
while the photoperiodic reaction is dependent on the presence of leaves. 
The question arises how to consider the reactions of cold and short-day treatment 
with regard to each other. 
In the hypothesis of PURVIS and GREGORY both are part of one process, in which 
each factor affects the production of a hormone-like substance. The scheme shows 
that the effect of short-day treatment has been placed after that of cold treatment. 
In VAN DE SANDE BAKHUYZEN'S scheme the effect of the low temperature (formation 
of vernalase) also precedes that of short day. 
These hypotheses lead to the generally accepted conclusion that short-day treatment 
has an accelerating effect only if it is preceded by sub-optimal vernalization. 
However, PURVIS and GREGORY also found evidence that flower primordia are sooner 
initiated in short day than in long day after the germination at 18° C. Moreover, 
a short-day period of 6 weeks after sowing followed by long day also affected an 
acceleration in non-vernalized winter rye, evident from a reduction in leaf number 
from 25 to 16. Both observations accordingly prove that plants may be advanced 
by short-day treatment without preceding vernalization. 
In view of the above it seemed appropriate to investigate whether the effects of 
low temperature and short day should not be considered as two completely inde
pendent reactions which may act simultaneously under conditions when cold as well 
as short day are active (plant vernalization). 
Such an investigation calls for experiments in which the effect of a short-day treat
ment before, during and after vernalization can be determined separately. This re
quires cold treatments of young plants and control of daylength and temperature. 
One of the greenhouse compartments at the I.B.S. meets these experimental demands. 
It has an automatic heating system and is also provided with an automatic mechan
ical cooling, so that an almost constant temperature can be maintained by day and 
night during the whole winter period. Vernalization has been carried out at + 6° C 
as earlier investigations (HARTMAN, 1956) showed an optimal vernalization effect at 
this temperature. 

3. Material and methods 
Petkuser winter rye was used in the investigation, carried out during 1958—1961. 
In the first three years the short-day treatments before, during and after vernaliza
tion consisted of natural winter daylength, and in 1961 of an 8-hour day obtained 
by covering the plants. The experiments were carried out with young plants (I), seed
lings (II) and germinating seed (III) in pots : 
I : Cold treatments of 14, 28, 42 and 56 days (vernalization classes) at 6° C were 

applied to plants of 10—14 days old. In 1961 treatments for 70 and 84 days 
were added. The plants had been raised at 16° C and had formed 2—3 leaves. In 
the 1958 and 1959 experiments the plants grew in natural day (Nie) during this 
period (= pre-treatment). In 1960 and 1961, however, half of each vernalization class 
received pre-treatment in continuous day (CI6), the remaining part in Ni6 (in 1961 
short day = Sie). In the cold treatment each group was again divided into two 
parts, which were put in continuous day (Ce) and in natural day (Ne), in 1961 in 
short day (Se). The post-treatment was the same for all treatments, viz. 16° C in 
continuous day while the sowing dates of the various vernalization classes had been 
chosen in such a way that for all plants post-treatment started at the same time. 
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Thus the following combinations were obtained : 
. .Ci6- Cs. Cie; . Cie. Ne Cie; Nie. Ca. Cis and . . Ni6. Na .Cie. 
II : After sowing the pots remained at 16° C until the seedlings had emerged to 

about V2 cm above the soil, in 1959 in natural day (Nie), in 1960, however, 
in continuous day (C10) to prevent any possible influence of natural day on the seed
lings. During the cold treatments of 14, 28, 42 and 56 days half of each vernaliza
tion class was put in continuous day, the remaining part in natural day. All treat
ments were entered into the post-treatment at the same time by chosing the various 
sowing dates accordingly. The various continuous-day and natural-day treatments were 
divided into subgroups which received continuous day after natural-day intervals of 
0, 7, 14, 21 and 28 days, and natural day only. 
Ill: After pre-germination at room temperature (ca. 18° C) the seeds were placed 

in a refrigerator at + 6° C with a fluctuation of + Vz° and —Vi" C during 
14, 28, 42 and 56 days. The vernalization classes were started in such a way that 
all treatments could be planted in a greenhouse at 16° C at the same time, each ver
nalization class being divided into groups placed in continuous day, natural day and 
continuous day preceded by natural-day periods of 7, 14, 21 and 28 days (investi
gation 1960). 

As a standard for acceleration/ retardation the number of days was determined from 
the beginning of the post-treatment until the emergence of the ear from the leaf 
sheat (stage 10,1 according to FEEKES, 1941). Strictly speaking, only treatments within 
one vernalization class should be compared, as comparisons between vernalization 
classes are affected by differences in sowing date. 
Continuous day was obtained with the use of 25 W incandescent bulbs at night (1 per 
IV2 m2) in 1958, 40 W fluorescent tubes (1 per 1V2 m2) being used in other years 
because of a more favourable light distribution. The great influence of the kind of 
light used became apparent, as in 1958 additional light considerably increased leaf 
size, while in the other years this effect was much smaller. This may be explained by 
a larger formative effect of incandescent light in comparison to fluorescent tubes. 
In the investigation of 1961 the treatments were periodically sampled. These sam
ples were analysed for fresh and dry weight, while the development stage of the 
growing points was expressed in WITTENROOD'S scale of development stages (1953), 
indicating development until the ears have been formed (see below). 

DEVELOPMENTAL STAGES IN WINTER RYE ACCORDING TO WITTENROOD 
Vegetative stage Valuation 

la : youngest stage — 
lb : the youngest primordia are bract-like, semi-embracing the growing 

cone 1,0 
R e p r o d u c t i v e  s t a g e  
2"' : first swelling of the interbracteal spaces 1,2 
2" : the first interbracteal space swollen 1,4 
2' : more swollen interbracteal spaces, but the bracts project beyond the 

swelling 1,6 
2 : the swollen interbracteal spaces (— ear primordia) are as large as the 

bracts, but are still smooth ("double ridge" stage of PURVIS and 
GREGORY) 2,0 
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3 : differentiation of glumes 3,0 
4 : differentiation of the primordium of 1st flower 4,0 
5 : differentiation of the primordium of 2nd flower 5,0 
6 : initiation of stamen in the 1st flower 6,0 
7 : initiation of stamen in the 2nd flower 7,0 
8 : differentiation of 3rd and 4th flower 8,0 
9 : 3rd and 4th flower clearly visible 9,0 

10 : development of glumes; the stamen are half covered 10,0 
11 : glumes fully grown; stamen completely covered 11,0 
12 : development of awns 12,0 
13 : awns fully grown 13,0 

4. The investigation 

4.1. Informative investigation in 1958 and 1959 
Cold treatments were applied to older plants (11—14 days) in both years, in 1959 
also to seedlings (5—7 days). The results are given in TABLE 1. In this table, the 
coding of the treatments in the subsequent periods (pre-treatment at 16° C/cold treat
ment at 6° C/post-treatment at 16° C) indicates the number of days and daylength 
conditions, viz. natural day = N and continuous day = C. In the post-treatment period 
the number of days reflects the time until ear emergence. Incandescent bulbs were 
used in 1958 and fluorescent tubes in 1959 for additional illumination. 

TABLE 1. Cold and natural-day treatments with older plants and seedlings 

Treatments 

1958 1959 

0/67 Cg/37 C16 

0/67 Ng/50 C16 

0/70 Cg/44 Cie 
0/70 Ng/50 C16 

67 
67 

Cie/ 0 !— ^161 
Nig/ 0 /60 C16 

70 Cie/ 0 < 66 Cig 
70 Nig/ 0 /82 Nie2 

11 
11 

Nlg/56 Cg/35 Cie 
Nie/56 N6/44 C16 

14 Nie/56 Cg/41 Cie 
14 Nie/56 Ne/44 Ci6 

5 Nie/56 Cg/45 Ci6 

5 Nie/56 Ng/46 Ci6 

11 
11 

Nig/42 Cg/40 Cie 
Nie/42 Ne/49 C1S 

14 Nig/42 Ce/47 Cjg 
14 Nig/42 Ng/52 Cj6 

6 Nig/42 C6/55 Cig 
6 Nig/42 Ne/54 Cj8 

11 
11 

Ni6/28 Ce/57 Cie 
Nie/28 Ng/62 Cie 

14 Nig/28 Cg/59 C16 
14 N16/28 Ng/55 Cje 
7 Nie/28 Cg/65 Cie 
7 Nig/28 Ng/64 C16 

11 
11 

N16/14 Ce/— Cie1 

N16/14 Ne/— Cie 1 
15 Nie/14 Cg/69 C« 
15 Nig/14 N6/73 Cjg 
7 N16/14 Cg/85 Cje 
7 Nie/14 Ne/89 Ci6 

1 No ear formation in observation period. 
2 Erroneously placed in natural day. 
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4.2. Investigation in 1960 
Cold treatments were applied to 2-week-old plants (I), seedlings (II) and germinating 
seed (III). For additional illumination fluorescent tubes have been used: 

I. In TABLE 2 the treatments have been arranged so as to allow the effect of the 
natural-day period in pre-treatment and during vernalization to be determined 

separately as well as combined. All treatments have been placed in the post-treatment 
at 16° C and continuous day at the same time. 

II. The effect of a natural-day period during vernalization and in post-treatment has 
been observed. In post-treatment continuous day has been preceded by natural-

day periods of varying length (TABLE 3). 
In TABLE 2 and 3 the coding of the treatments reflects the number of days and 
daylength conditions (continuous day = C, natural day = N) in pre-treatment at 
16° C/cold treatment at 6° C/post-treatment at 16° C. The number of days in the 
post-treatment indicates the time until heading (stage 10,1; FEEKES, 1941). 

III. The influence of the natural-day intervals in post-treatment has also been ob
served in plants grown from seed which received cold treatment of varying length 

(seed vernalization). For the experimental design and results see TABLE 4. 

TABLE 2. Effects of natural day before and during cold periods of varying length 
with 2-week old plants 

Treatments Columns 

1 2 3 
N16 N0 total 

14 C|(i/56 Cg/42 C16 
14 Nle/56 C6/42 C16 0 0 
14 N16/56 Cg/42 C16 
14 Nie/56 Ne/46 C16 — 4 — 4  
14 C,«/56 Cg/42 C16 
14 N18/56 Ng/46 C16 0 — 4 — 4 
14 C16/56 Ce/42 C18 

14 Cjg/56 Ng/44 C,g — 2 — 2 

14 C,„/42 Cg/55 C18 
14 Nle/42 Ce/51 C18 +4 +4 
14 N18/42 Cg/51 C18 
1 4  N I 8 / 4 2  Ng/50 C J 6  + 1  + 1  
14 CJ 8/42 Ca/55 C16 
1 4  N J 6 / 4 2  Ng/50 C 1 8  + 4  + 1  +5 

Ci8/42 Ca/55 C16 
1 4  C I E / 4 2  N E / 5 4  C 1 8  + 1  + 1  

14 C18/28 C8/67 C16 
14 N10/28 Cg/64 C16 +3 +3 
14 Nle/28 C8/64 C16 
1 4  N19/28 Ng/60 C18 + 4  + 4  

Cjg/28 C8/67 Cj8 
14 N16/28 Ng/60 C16 +3 +4 +7 
14 C16/28 Cg/67 C16 
14 C16/28 Cg/67 C,g 0 0 
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14 Cie/14 Cg/94 C16 
14 N16/14 C6/89 Cl6 

14 N16/14 Cg/89 C16 
14 N16/14 Ne/78 C16 

14 C16/14 Cg/94 C16 

14 Njg/14 Ng/78 C16 

14 C18/14 Cg/94 C16 
14 C16/14 N6/98 C16 

1 
Nig 

2 
Ng 

3 
total 

+5 + 5 

+ 11 +11 

+5 +11 +16 

— 4 — 4 

Column 1 : acceleration (+) or retardation (—) of ear emergence caused by natural day in pre-
treatment (N16); column 2: ditto, caused by natural day during vernalization (N6) ; column 3: 
total acceleration/retardation. 

TABLE 3. Effects of natural day during and after cold periods of varying length 
with seedlings 

Treatments 

5 C±q/56 Cg/ 52 C16 
5 Cie/56 C6/ 7 N10 .43 C16 
5 C16/56 Cg/ 14 N16 .40 C16 
5 C16/56 C6/ 21 N16. 38 C16 
5 C16/56 Cg/ 28 N16 . 36 C16 

5 Cjg/56 Cg/ 95 Nie 

5 C16/56 Ng/ 49 C16 
5 C16/56 Ne/ 7 Nie . 43 C16 
5 C16/56 Ng/ 14 N16 .40 C16 
5 C16/56 Ng/ 21 Nie. 37 C16 
5 Cie/56 Ng/ 28 N16. 34 C16 
5 C16/56 N0/ 96 N16 

5 CIß/42 Cg/ 55 C16 
5 C16/42 Cg/ 7 Nie . 51 C16 
5 C16/42 Cg/ 14 Nlg. 47 C16 
5 Cjg/42 Cg/ 21 N16.42 C16 
5 Cie/42 Cg/ 28 N16. 38 C16 

5 C16/42 C6/101 Nig 

5 Cig/42 NQ/ 56 C16 
5 C16/42 Ng/ 7 N16 . 51 C19 
5 Cie/42 Ng/ 14 Nig . 45 C16 
5 C16/42 Ng/ 21 N16.41 C16 
5 Cie/42 Ng/ 28 N16. 37 C16 
5 C16/42 Ng/ 99 Nie 

5 CIE/28 Cg/ 74 C10 
5 Cjg/28 Ce/ 7 Nia . 66 C1# 
5 C16/28 Cg/ 14 N16 . 57 C16 
5 Cjg/28 Cg/ 21 N16.55 C16 

5 Cjg/28 Cg/ 28 Njg. 48 Cjg 
5 Cia/28 Cg/106 N16 

^ Ciß/28 ^16 
5 C16/28 Ng/ 7 N16 .64 C16 
5 Cjg/28 Ng/ 14 Njg . 56 C^g 
5 C16/28 Ng/ 21 N16 .52 C16 
5 C16/28 Ng/ 28 N16.43 C16 
5 C16/28 Ng/102 N16 

1 
ne 

+3 
+3 
+3 
+3 
+3 
+3 

+6 
+6 
+6 
+6 
+6 
+6 

Columns 

2 
Nig 

+ 2 
— 2 

— 7 
—12 
—43 

— 1 
— 5 
— 9 
—13 
—47 

— 3 
— 6 

— 8 

—11 
—46 

— 2 

— 3 
— 6 

— 9 
—43 

+ 1 
+ 3 
— 2 

— 2 

—32 

— 3 
— 2 

— 5 
— 3 
—34 

3 
total 

+ 2 
— 2 

— 7 
—12 
—43 

+ 3 
+ 2 
— 2 

— 6 
—10 

— 3 
— 6 

— 8 

—11 
—46 

— 1 
— 3 
— 4 
— 7 
—10 
—44 

+ 1 
+ 3 
— 2 

— 2 

—32 

+ 6 
+ 3 
+ 4 
+ 1 
+ 3 
—28 
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Treatments Columns 

Cie/I4 c(j/104 c16 
c 1 6 / 1 4 c 8 /  7 n 1 6  

Cle/14 C6/110 N16 

5 C16/14 Nq/102 C 
5 C16/14 Na/ 7 
5 Ci«/14 N«/ 14 
5 
5 
5 

16 
nie 

Cie/14 Ne/ 21 Ni« 
Cie/14 Ne/ 28 N16 
C18/14 Ng/107 Nie 

1 2 3 
N« Nie total 

96 C16 + 1 + 1 
89 Cje + 1 + 1 
76 C18 + 7 + 7 
73 Ci6 + 3 + 3 

— 6 — 6 
+2 + 2 

94 Cie +2 + 1 + 3 
85 Cjg +2 + 3 + 5 
73 Cjg +2 + 8 +10 
64 C,g +2 +10 +12 64 C,g 

+2 — 5 — 3 

Column 1 : acceleration (+) or retardation (—) caused by N6 compared with 5 C16/. . C6/. . C16 ; 
column 2: ditto, caused by Nle compared with 5 C18/ C8/. C18 and 5 C18/. N0/. C18 respec
tively; column 3: total acceleration/retardation compared with 5 C18/ Cg/. Ci8. 

TABLE 4. Seed vernalization at 6° C (Sve) with cold treatments of varying length 

Treatments Effect of N18 

56 Svg/ 62 C18 
56 Svg/ 7 N18 . 58 C,8 — 3 
56 Sv8/ 14 N, g . 49 C,8 — 1 
56 Sv8/ 21 Nle. 44 C16 — 3 
56 Sv8/ 28 Nj8 .46 Cje —12 
56 Sv8,101 N16 —39 

42 5vg/ 66 C18 
42 Sv8/ 7 Nie . 57 C18 +2 
42 Sv8/ 14 N18.54 Cie — 2 
42 Sv6/ 21 N16.49 Cie — 4 
42 Sve/ 28 N16 . 49 Cjg —11 
42 Svg/104 Njg —38 

28 Svq/ 94 Cl9 
28 Sv,|/ 7 N,b . 77 C16 +10 
28 Sv0/ 14 Nia . 69 C18 +11 
28 Sv8/ 21 N16.60 C,8 13 
28 Sve/ 28 N16 . 57 C,8 +9 
28 Sv6 ' 106 Nie —12 

14 Svq/107 Cie 
14 Svg/ 7 N16 . 98 Cie +2 
14 Sv6/ 14 N18.91 Cjg +2 
14 Sv8/ 21 N,g. 79 C18 +7 
14 Sv8/ 28 N18 . 69 C16 +10 
14 Svg/111 N,„ — 4 

Note : The vernalized seeds were planted at 16° C in continuous day (Ci8) with various natural-day 
intervals (N18). The number of days in the post-treatment indicates the time until ear emergence 
(Feekes, stage 10,1) in which the acceleration (+) or retardation (—) by the natural-day intervals 
has been expressed. 

4.3. Investigation in 1961 
Cold treatments at 6° C were applied to 2-week-old plants for 84, 70, 56, 42, 28, 
14 and 0 days. The sowing dates of the various vernalization classes were adjusted, 
so that all treatments came into the post-treatment at the same time. Conditions in 
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the post-treatment were the same for all treatments (continuous day at 16° C). In pre-
treatment and during vernalization, however, two daylength periods were applied, viz. 
continuous day (C) and a short day of 8 hours (S). Thus the following combina
tions have been obtained : . . Cie/ . . Ce/ . . Cie ; . . Cie/ . . Se/ . . Cie ; . . Sie/ . . Ce/ . . Cie 
and . . Sie/ . . Se/ . . Cie. 
Fluorescent tubes were used for additional illumination, but in the vernalization class 
of 8 weeks a few treatments with additional illumination of incandescent bulbs were 
included. In these treatments the continuous day has been indicated by L. 
In sampling, from the beginning of vernalization onwards till ear emergence, fresh 
and dry weight of the main stem and tillers were determined. The FIGURES 1—8 reflect 
the increase in dry weight of the main stem in the various treatments. 
Microscopic analyses of the growing points in the vernalization classes with longer 
cold treatments (84, 70, 56 days) was started 10 days before the post-treatment com
menced. Apparently, even at low temperature allowing slow growth, the plant may 
proceed from the vegetative phase into the reproductive phase. The progress of devel
opment has been reflected in FIG. 9—16. 

5. Discussion of the results 

5.1. Results in 1 95 8 and 1959 
In 1958 the difference in growth between the treatments with additional light and 
those without was considerably larger than in 1959. This is due to a larger forma
tive effect on plant growth of the incandescent light. It may also explain why the 
difference in heading time between the continuous- and natural-day treatments of the 
various vernalization classes in 1958 were greater than those in 1959, for instance 

Apparently, there is a close correlation between increased growth rate and earlier 
heading. As the continuous-day treatments also show a more rapid growth than the 
natural-day treatments, they would have an advance in earliness. On the other hand, 
differentiation of flower primordia will take place more rapidly in natural day, as 
has been observed by PURVIS and confirmed by own experiments. The relative ear
liness of the natural-day treatments is therefore determined by at least two com
ponents, the first being a reduced growth in comparison to continuous-day plants, 
the other an acceleration due to a more rapid differentiation of flower primordia. 
Thus, in the two comparisons 

1958 11 Nie/28 Ne/62 Cie versus 11 Nie/ 28 Ce/57 Cie and 
1959 14 Nie/28 Ne/55 Cie versus 14 Nie/28 Ce/59 Cie 

the growth component in 1958 was sufficient for the Ce-treatment to be earlier than 
the N6-treatment, in spite of the speedier differentiation in the latter, while in 1959 
it was not. 
A comparison of the results obtained with older plants with those of the young 
seedlings reveals an interesting interaction of this comparison with the duration of 
the vernalization treatment. Thus in the 8-week vernalization class the period between 
sowing and heading was significantly shorter for the seedlings than for the plants, 
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1959 0/70 Ne versus 

0/67 Ce 13 days 
0/70 Ce 6 „ 

1958 11 Nie/56 Ne versus 
1959 14 Nie/56 Ne versus 

11 Nie/56 Ce 9 „ 
14 Nie/56 Ce 3 „ 
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r/ » « UC18/B4C6/28Ct6 
! / • • HCi6/0iS6/37C16 

j * UC16/04C6/27Ci6 
x X * HS16/84S6/37Ci6 

FIG. 1 
Growth curves in the 12-week vernaliza
tion class 

K/10 29/10 11/11 
Sowing 1 

12 weeks 6eC 

KC16/70C6/32C,6 

UC,6/7ÛS6/38C16 

US16/70C6/30C16 

KSI6/70S6/38CI6 

FIG. 2 
Growth curves in the 10-week vernaliza
tion class 

20/10 11/1 
Sowing 1— 
date 10 weeks 6°C. 

27/12 10/1 20/1 3/2 17/2 29/2 3/3 
Sampling dotes 
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the difference being 5 days for the continuous day and 7 days for the natural-day 
treatments. In the other vernalization classes of 6, 4 and 2 weeks the corresponding 
differences are 0 and 6, 1 and — 2, — 8 and — 8 respectively. An explanation of 
this is to be found in the trend of plant growth. WITTENROOD (1959) observed by 
length measurements in Peko, that, preceding visible shooting, plant growth progresses 
according to 2 curves (see FIG. hereunder). 

It is evident from this FIG. that growth depressions occur at the end of the vegeta
tive phase and in the period of ultimate spikelet number. These growth depressions 
are reflected in a flattening of the growth curves. In this investigation, in which 2 
different temperatures (6° C in the vernalization period and 16° C in the post-treat
ment) are applied it is important when the end of the vegetative phase is reached. 
If this is the case during the cold treatment, when growth is already rather reduced 
by the low temperature (6° C), the growth depression inherent to the end of the 
vegetative phase will give a considerable delay, which will be more pronounced when 
this stage falls earlier in the vernalization period. If the end of the vegetative phase 
is reached in the beginning of the post-treatment, however, the inherent growth de
pression will be more or less compensated by the increased growth due to higher 
temperature (16° C). In the continuous-day treatments 14 Ni6/56 Co/41 Cie and 
5 Nib/56 Ce/45 Cie the older plants reached this stage in the vernalization period, 
the seedlings, however, in the post-treatment, and thus the initial advantage of 9 days 
is reduced to 4 days. In the natural-day treatments 14 Ni6/56 Ne/44 Cie and 5 NW 
56 Ne/46 Cie it was even reduced to 2 days. Apparently, the older plants in this 
treatment were even more retarded by growth depressions relative to the seedlings 
than in the continuous-day treatments. 
This is reasonable, as owing to the more rapid differentiation of flower primordia 
in natural day, 14 Nie/56 Ne/44 Cie may have reached the end of the vegetative 
phase earlier than in the continuous-day treatment. As a result the period of growth 
depressions during the cold treatment will have lasted longer. 14 Nie/56 Ne/44 Cie 
has a delay of 3 days by 14 Ni6/56 Ce/41 Cie which presumably consists of the 
natural-day effect (i.e. an acceleration due to more rapid differentiation of primordia 
and a retardation due to growth reduction) and a delay caused by a longer period 
of growth depression at the end of the vegetative phase. 
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:16/S6C,/39C18 
• UC16 /S6Sj/OCu 

* x us16 /5SC6/36C,8 

» * HS16/S6S6/«Cle 

Fig. 3 
Growth curves in the 8-week vernaliza
tion class with additional fluorescent 
illumination 

iun as/11 
Sowing 1— 

6/1 20/1 3/2 16/223/22/39/3 
— • > Sampling dal«» i f  

r • 

Ui.l5/S6l.6/33C16 

Kltg/S6S6 /"Cu 

USi®/SSLe/32C« 
- * UN1S /S6N6/£1C16 

FIG. 4 
Growth curves in the 8-week vernaliza
tion class with additional incandescent 
illumination 

n/n 25/11 9/12 
Sowing ' r~ 
dot. 8w# 

3/2 16/223/2 2/39/3 
Sampling dot«s 
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FIG. 5 
Growth curves in the 6-week vernaliza
tion class 

KCI6/«C6/45C1S 
UC1B/MSs/S1C1f 

—* US,6/42C6 /41C1S 
USi$/42S6 /45Cis 

2S/11 9/12 
Sowing «—-
data 6 

3/2 16/2 23/2 2/39/3 16/3 
Sampling dotas 

HC15/20C6/Ç1C,6 

UC^'2e56/6iC16 
HSib.'28C6/52CI8 HS16/Z8S6/S1CI6 

FIG. 6 
Growth curves in the 4-week vernaliza
tion class 

9/12 27/12 6/1 20/1 
Sowing ^ ——J 
dot, * weak» 6°C 

3/2 16/2 23/2 2/310/316/3 23/3 
Sampling datas 
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In the 6-week vernalization class the difference in sowing dates is also revealed at 
ear emergence in the continuous-day treatments. This proves that both reach the end 
of the vegetative phase in the post-treatment. In the natural-day treatments, however, 
the older plants reach this stage already during the cold treatment, so that the in
herent delay due to growth depression will reduce the advantage of 8 days to one 
of 2 days. The treatment 14 Nie/42 Ne/52 Cie has a delay of 5 days as compared 
with 14 Nib/42 Ce/47 Cie, which is the result of the same effect. 
In the 2- and 4-week vernalization classes the continuous- as well as the natural-
day treatments of older plants and seedlings probably reach this stage in the post-
treatment, so that this kind of delay will be very small. Here the seedlings show a 
much longer period between sowing and heading in the 2-week vernalization class 
than the older plants. This must be attributed entirely to the greater number of 
short natural days these older plants received prior to vernalization. Thus the few 
indications from literature are confirmed that short day without preceding vernaliza
tion accelerates heading (p. 135). 
PURVIS and GREGORY'S observation that in non-vernalized winter rye natural day initial
ly accelerates, whereas prolonged treatment will lead to retardation, can now be 
explained by the combined effect of two components. Besides a retardation by growth 
depression in short day there is also an acceleration due to a faster differentiation of 
the flower primordia. As the short-day treatment continues, both the retardation and 
the acceleration increase, but the latter at a higher rate until a maximum is reached. 
Thereafter continuation of the short-day treatment will not increase the acceleration, 
because there is still an increase in the value of the retardation. 

5.2. Results in 1960 
I. Experiments on young plants (TABLE 2) 
In these series daylength in the pre-treatment has been varied as well as in the 
cold period, so that within each vernalization class the following treatments can be 
compared. 

1 4  N i e / . .  C e  1 4  N i e / . .  N e  
14 Cie/. .Ce 14 Cie/..Ne 

In the 8-week vernalization class 14 Nie/56 Ne/46 Cie is retarded 4 days as com
pared with 14 Nie/56 Ce/42 Cie. This delay, as in the corresponding treatments in 
1959, is due to the fact that the end of the vegetative phase is reached earlier during 
the cold treatment. The treatments 14 Cie/56 Ce/42 Cie and 14 Nie/56 Ce/42 Cie 
headed at the same time. In the previous comparison, however, it has been suggested 
that 14 Nie/56 Ce/42 Cie already reaches the end of the vegetative phase during 
vernalization. In fact, this treatment should actually show a delay as compared with 
14 Cie/56 Ce/42 Cie, the latter reaching this stage later, possibly at the beginning, 
or else during the post-treatment. Hence the difference of 0 days indicates that the 
natural-day effect in the pre-treatment has resulted in an acceleration compensating 
the retardation. In 14 Cie/56 Ce/42 Cie versus 14 Cie/56 Ne/44 Cie the natural-day 
treatment probably reaches the end of the vegetative phase in the post-treatment as 
well. Therefore no additional delay due to growth depression will occur and thus the 
difference of 2 days is entirely due to the natural-day effect. 
In the 0-, 2-, 4- and 6-week vernalization classes the 14 days with natural daylength 
prior to vernalization resulted in early heading compared with 14-day pre-treatment 
in continuous light, as could be expected. 
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FIG. 7. Growth curves in the 2-
week vernalization class 

FIG. 8. Growth curves of un-
vernalized winter rye 

KC16/UC6/-C16' 
KC16/U3s /-Cis 

x l/.Si6/UCs/B1C16 
x KS16/KS6/79C16 • UC,6/0/-C16 

x xKS,6/0/-C15 

23/12 S / l  20/1 3/2 17/2 3/ 3  16/3 
Sowino ' ' 24/2 10/3 23/3 
SET 2wk6"C Sampling dat9S 

17/2 2/3 16/3 
23/2 10/3 23/3 

Sampling dates 

II. Experiments on seedlings (TABLE 3) 
In each vernalization class there are two main treatments in the cold period, viz. 
continuous day 5 Cie/ . . Ce/ . . and natural day 5 Cie/ . . Ne/ . . . Within each main 
treatment a number of sub-groups were formed with different natural-day intervals in 
the after-period. The effect of the natural day during the cold period may be assessed 
by comparing the main treatments and the effect of natural-day intervals after ver
nalization by comparing the treatments of each group with the concerning main 
treatment. In the natural-day group the final outcome of these results shows the ulti
mate acceleration/ retardation relative to the continuous-day treatment. 
The rate of heading in the continuous-day treatments in the first place will be deter
mined by the influence of the low temperature (vernalization). If the cold require
ment has not been met completely, the natural-day intervals in the post-treatment 
have an accelerating effect until the optimal earliness is attained, i.e. the minimum 
number of days this treatment needs till ear emergence. Hereafter natural-day condi-
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tions will give retardations, as the acceleration caused by more rapid differentiation 
of primordia cannot be expressed anymore and the result will then be influenced 
only by the retardation from growth depression. 
The natural-day treatments are influenced by cold as well as by the natural-day effect. 
A comparison of the main treatments in the various vernalization classes shows that 
the combined effects of cold and natural day lead to a lower minimum of days to 
ear emergence. In the 6-week vernalization class only the acceleration due to the 
combined effect of cold and natural day is evidently smaller than the advantage 
resulting from a more rapid growth in continuous day. 

UC16/70C6/32C16 

HC16/70S6/38C16 

: »14S,6/70C6/30C,6 
14S,6/70S6/38C,6 

FIG. 10 
Development curves in the 10-week 
vernalization class 

10/1 20/1 3/2 12/2 17/221/2 27/2 
19/2 

Sampling dotes 
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III. Experiments on germinating seed (TABLE 4) 
In vernalizing germinating seeds it is obvious that the result will be primarily in
fluenced by the effect of low temperature. This effect like that of natural day is 
two-fold. The low temperature depresses seedling growth, but at the same time 
changes take place, enabling later development to be more accelerated than that in 
plants of non-vernalized seed. If cold requirement has been completely met, the treat
ments will head most rapidly after planting in the most favourable daylength, i.e. 
continuous day. A natural-day period in the post-treatment will then only lead to 
retardation, because the minimal number of days till ear emergence has already been 
reached and accordingly the accelerating effect of natural day cannot be expressed 
anymore. 
In the 8-week vernalization class it is evident that 1 week of natural day already 
results in retardation, while as the vernalization has been more sub-optimal the 
natural-day treatments should be longer in order to obtain the optimal acceleration 
for that treatment. With 6 weeks of cold this is reached after 1 week of natural day, 
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Vo/i 'zon 3/2 Î6/2 23/2 28/2 
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FIG. 11 
Development curves in the 8-
week vernalization class with 
additional fluorescent illumina
tion 

HLie/56L6/33C1$ 
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with 4 weeks of cold after 3 weeks and with 2 weeks of vernalization after 4 weeks 
of natural day. The series can be extended by PURVIS and GREGORY'S observation 
(1937) that non-vernalized winter rye reaches the optimum after a natural-day inter
val of 6 weeks. 

5.3. Results in 1961 
Applying natural day in the previous investigations probably has not been quite cor
rect as the varying daylength in the period from sowing to ear emergence, undoubt
edly, will have influenced the results. Due to differences in the sowing dates, in order 
to put all occasions in the post-treatment at the same time, not all natural-day periods 
in the pre-treatment have been the same for each vernalization class. For the treat
ments sown earliest (October) daylength may be put at ± 10 Vi hours, while it amounts 
to 8 hours in those that had short cold treatments. In 1961 therefore daylength was 
adjusted to 8 hours by screening (short day = S) during the cold period as well as 
before and after. 

14C16 /42C6/£5C,6 
UC1s/42S6/51C16 

« «14S16/42Ce/41C,5 
14S16/42Ss«SC1s 

FIG. 13 
Development curves in the 6-
week vernalization class 

16/219/2 23/2 2/3 6/3 1 2/3 
Sampling dates 

• UC,6/20C6/S-C16 
• HCt6/28Ss/64C16 
< HSiö/28C6/52C,e 
« US,6/20S8/51C,e 

FIG. 14 
Development curves in the 4-
week vernalization class 

16/2 23/2 2/3 10/313/3 22/3 25/3 
Sampling datas 
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Growth of the main stem in the various treatments was inferred from the dry weights 
of consecutive samples (FIG. 1—8). The differences in growth are not so evident as 
would have been the case had lengths been plotted. In the continuous-day treatments 
14 Ci6/56 C6/39 Ci6 and 14 LIE/56 LO/33 Cie, receiving additional illumination with 
fluorescent tubes (C) and incandescent lamps (L) respectively (FIG. 3 and 4), the dry 
weights differ only slightly, but the differences in length were considerable. Yet the 
cases receiving short day in the pre-treatment and/ or during vernalization obviously 
show a reduction in growth compared to those in continuous day. 
Development, however, (FIG. 9—16) shows an undeniable advantage of short-day 
treatments over the relevant continuous-day treatments (14 SIB/ . .Ce/ Cio to 14 Cxe/ 
. .Ce/ . Cie and 14 Si«/ . Se/ . Cie to 14 CW . .Se/ . Ci6>. The exception in 14 Cie/ 
84 Ce/28 Cia (FIG. 9) is probably due to heterogeneity of the crop and in this case 
a few forward plants in sampling may have raised the average too high. 
Curiously enough the development curves of continuous day and natural day inter
cross during the post-treatment where all treatments receive the same temperature 

, HC1S/UCS/...C 
> 14C15/14S6/ ... C 
« 14S,6/14C6/81C16 
« HS,6/HSS/79CJ8 

20/1 17/2 24/2 3/3 10/3 9/411/4 17/4 
Sampling dotes 

FIG. 15 
Development curves in the 2-
week vernalization class 

- uc1,/o/-c„ 
-*us„/o/-c„ 

20/1^7/2 16/3 

FIG. 16 
Development curves of unver-
nalized winter rye 

8/4 17/4 24/4 
Sampling dates 
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and daylength. Presumably, this is associated with the 2nd growth depression due to 
the period of ultimate spikelet number, as reflected in the FIG. on p. 143. Very likely, 
the short-day treatments will reach this stage earlier and due to the ensuing growth 
reduction they will show a retardation in comparison with the continuous-day treat
ments. Later on the reverse will occur, when the continuous-day treatments reach this 
stage, while the short-day treatments have already passed it. The advantage of 14 Cie/ 
84 Ce/28 Ci6 mentioned above may then also be explained by the 1st growth depression 
at the end of the vegetative stage. 
Thus it is obvious that various stages occur during plant development, each showing 
a different growth picture. It can be imagined that each difference in growth rhythm 
is associated to a difference in development rhythm. The results in the different 
samplings and in the heading may accordingly be considered as the resultants of all 
accelerations and retardations occurring up to that moment. 
The influence of the kind of light used in additional illumination is evident from 
FIG. 11 and 12, in which the treatments 14 Lie/56 Le/33 Cie and 14 Sie/56 Le/32 Cis 
show an accelerated development and earlier heading in comparison to 14 Cie/ 56 Ce/ 
39 Cie and 14 SIB/56 Ce/36 Cie respectively. Other treatments (not included in the 
FIG.) gave similar results, viz. 14 Cie/56 Ce/39 Cie and 14 Lie/56 Le/33 Cie com
pared to 14 Cie/56 Ce/34 Lie and 14 Lie/56 Le/28 Lie respectively. Additional illu
mination with incandescent lamps in the post-treatment promotes development by as 
much as 5 days in both cases. 
In the treatments with rather short vernalization periods (FIG. 13—16) the develop
ment curves of 14 Sie/ . .Se/ . Cie relative to 14 Cie/. .Ce/. Cie appear to shift to 
the left. This is a result of the fact that the effect of a short-day period during the 
cold results in a greater acceleration because the retardation due to growth depressions 
is smaller. 
One should note that in the 6-week vernalization class (FIG. 13), the developmental 
stages of the various treatments are similar at the beginning of the post-treatment, but 
at the next observation date 14 Sie/42 Qd 41 Cie is far ahead of 14 Cie/42 Ce/45 Cie. 
Thus the influence of short day during the pre-treatment shows not until much later 
as can also be seen in the 4-, 2- and 0-week vernalization classes. 
The effect of short day then consists of a direct component, i.e. retardation corre
lated with growth inhibition, and an indirect component, showing as a postponed 
acceleration of shoot-apex differentiation. 

6. General discussion 

The experiments in 1958 and 1959 proved that the plants in the continuous-day treat
ments with additional illumination of incandescent light were larger than those re
ceiving additional illumination of fluorescent tubes. This advantage in growth also 
caused earlier heading. It was assumed that also the short-day treatments, showing 
growth retardation relative to the corresponding continuous-day treatments, would show 
a delay in heading. Consequently, in those cases in which a short-day treatment shows 
an acceleration it is evident that besides a retardation also an acceleration must have 
occurred. This acceleration is due to more rapid differentiation of primordia, as has 
been observed by PURVIS (1934). 
Accordingly, the influence of short day is two-fold. Slower growth and therefore a 
lower rate of development are due to a direct effect, the more rapid differentiation 
of primordia to an indirect effect, as this only shows after some time, when the plants 
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have been placed in a favourable daylength, i.e. continuous day. Thus, besides cold 
vernalization there is also short-day vernalization. PURVIS and GREGORY'S observation 
(1937) that non-vernalized winter rye is accelerated by a short-day period of 6 weeks 
after sowing, should also be considered as a case of short-day vernalization. 
The observation that prolonged short-day treatment results in retardation in heading 
is to be explained as follows. After a certain period of short-day the induction to an 
acceleration expressed in a more rapid differentiation of primordia will have reached 
its limit. In prolonged short-day conditions this limit is maintained, but the retardation 
due to the direct influence increases, so that the ultimate result will be a retardation. 
The difference between the conceptions short-day induction and short-day vernaliza
tion, undoubtedly both a "photoperiodic after-effect or induction", should be clearly 
understood. Each affects a completely different group of plants, viz. short-day plants 
and long-day plants respectively. In short-day induction, short-day plants have to re
ceive the required daylength (short day) for a certain number of days to enable the 
plant to flower in the next period of unfavourable daylength (long day). In short-day 
vernalization, however, a short-day treatment is applied to long-day plants, by which 
the plants are induced to flower early in the next period of favourable daylength 
(long day). 
In plant vernalization cold and short day affect the plant at the same time, i.e., 
the cold affects the apical meristem at once, while the influence of short day begins 
when leaves have been formed. The optimal earliness, i.e. the minimum number of 
days a treatment needs up to heading, is actually reached by the combined effects 
of cold and of short day. 
With seed vernalization, however, the cold effect dominates. After a sufficiently 
long cold period the conditions for optimal earliness may have already been reached. 
In that case a complementary short-day treatment will only induce retardation and 
acceleration is absent because the plant can no longer be accelerated. With sub-
optimal cold treatment, however, the short-day periods following cold treatment result 
in acceleration until the optimal earliness in that treatment has been reached. After 
this moment continuation of the short-day treatment will not increase the accelera
tion anymore, but the retardation by the direct effect will still increase. However, 
in plant vernalization as well as in seed vernalization also other influences besides 
retardation due to the direct effect and acceleration due to the indirect effect should 
be taken <nto account. They are autonomous retardations and are inherent to certain 
stages in plant development, for instance, growth depressions occurring at the end 
of the vegetative phase and at ultimate spikelet number. 

7. Conclusions 
1. Winter rye shows both cold and short-day requirement. 
2. Like cold, short day has a direct and an indirect effect. The latter may simply 

be considered as short-day vernalization. 
3. Winter rye is a long-day plant. The acceleration in non-vernalized winter rye by 

a short-day period of 6 weeks after sowing is due to short-day vernalization and 
not to short-day induction. 

4. Cold vernalization and short-day vernalization are two different processes. Cold 
affects the apical meristem, while short day has influence when leaves have been 
formed. Under conditions in which both cold and short-day vernalization are ap
plied (plant vernalization) each will independently influence the plant simultane
ously. 
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5. For additional illumination the choice of light is important. Light with a strong 
formative effect (incandescent bulbs) will give an advantage in growth in com
parison to treatments illuminated by fluorescent tubes. This advantage in growth 
will lead to earlier heading. 
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