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Effect of Day and Night Temperature on Internode and Stem Length in
Chrysanthemum: Is Everything Explained by DIF?
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In many plant species, including chrysanthemum, a strong positive correlation between internode length and DIF
[difference between day (DT) and night (NT) temperature] has been observed. However, Langton and Cockshull
(1997, Scientia Horticulturae 69: 229±237) reported no such relationship and showed that absolute DT and NT
explained internode length rather than DIF. To investigate these con¯icting results and to clarify the validity of
the DIF concept, cut chrysanthemums (Chrysanthemum `Reagan Improved') were grown in growth chambers at
all 16 combinations of four DT and four NT (16, 20, 24 and 28 °C) with a 12 h daylength. Length of internode
10, number of internodes and stem length were measured on days 5, 10, 17, 22 and 27 after starting the tem-
perature treatments. Internode length on day 10 showed a positive linear relationship with DIF (R2 = 0´64).
However, when internodes had reached their ®nal length in all treatments (day 27), a much stronger positive lin-
ear relation was observed (R2 = 0´81). A model to predict ®nal internode length was developed based on the
absolute DT and NT responses: both responses were optimum curves and no signi®cant interaction between DT
and NT occurred [®nal internode length (mm) = ±32´23 + 3´56DT + 1´08NT ± 0´0687DT2 ± 0´0371NT2;
R2 = 0´91, where TD is day temperature and TN is night temperature]. It is shown that DIF can predict ®nal inter-
node length only within a temperature range where effects of DT and NT are equal in magnitude and opposite
in sign (18±24 °C). Internode appearance rate, as well as stem length formed during the experiment, showed an
optimum response to DT. ã 2002 Annals of Botany Company
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INTRODUCTION

The control of stem length is particularly important in
chrysanthemum cultivation since there are strict quality
speci®cations for height (Karlsson and Heins, 1994). To
achieve these quality requirements, chemical plant growth
regulators are commonly used in both pot and cut chrys-
anthemums. However, their application is costly and
environmentally unfriendly (Langton, 1998). The need to
®nd effective environmentally friendly alternatives for
regulating plant height is a priority (Erwin and Heins,
1995; Pearson et al., 1995; Khattak and Pearson, 1997).

Final stem length is determined both by number of
internodes and internode lengths (Pearson et al., 1995). In
species with a determinate growth pattern, such as chrys-
anthemum, new internodes are formed up to ¯ower
initiation. After this stage, the increase in stem length
depends on internode elongation only. Thus, the stem
elongation process is strongly correlated with both inter-
node appearance rate (IAR, equal to leaf unfolding rate) and
internode elongation rate.

Several growing conditions are known to affect chrysan-
themum stem elongation, such as temperature, light inten-
sity, light quality, photoperiod, relative humidity, CO2

concentration and plant density (Carvalho and Heuvelink,

2001). Efforts have been concentrated on temperature
manipulation to regulate stem length (Myster and Moe,
1995), and this is already widely practised, based on the DIF
concept: the difference between day (DT) and night (NT)
temperature (Langton and Cockshull, 1997b). The observa-
tion that stem length shows a different response to
temperature during the photoperiod compared with the
nyctoperiod was ®rst investigated for tomato plants and
termed `thermoperiodicity' (Went, 1944). Since then, it has
been reported for a wide range of plant species (e.g.
Heuvelink, 1989; Erwin and Heins, 1995; Myster and Moe,
1995). Erwin et al. (1989) introduced the DIF concept when
they found that plants of Lilium longi¯orum Thunb. had the
same ®nal height when grown at the same DIF (using 25
combinations of DT and NT ranging from 14 to 30 °C),
regardless of the mean temperature (MT). According to
these authors, DT and NT in¯uenced plant height in
opposite ways. Increasing DT increased plant height,
whereas increasing NT decreased plant height. Therefore,
temperature combinations resulting in a negative DIF
produced plants that were shorter than those grown under
a positive DIF. Erwin et al. (1989) also reported a positive
linear relationship between internode length and DIF. Thus,
it was concluded that the absolute magnitude and sign of
DIF were the critical factors determining internode and stem
length (Erwin et al., 1989). In fact, as later suggested by
Langton and Cockshull (1997a), the temperature effect on
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stem length was exclusively a result of the in¯uence of DIF
on internode elongation since terminal ¯owers had already
been initiated and, therefore, the ®nal number of internodes
had been determined before the start of the treatment.

Many subsequent studies have shown similar results to
those of Erwin et al. (1989) for several plant species,
including pot chrysanthemum cultivars (e.g. Karlsson et al.,
1989; Jacobsen and Amsen, 1992; Bertram and Karlsen,
1994; Cockshull et al., 1995). However, the effects of day
and night temperature have not always been equal in
magnitude and opposite in sign (LePage et al., 1984;
Karlsson et al., 1989; Langton and Cockshull, 1997a),
which is necessary for a clear DIF response. To clarify these
responses, Langton and Cockshull (1997a) conducted a 10 d
experiment in which they grew pot chrysanthemum cultivar
`Bright Golden Anne' under 24 combinations of DT and
NT, ranging from 12 to 32 °C. A photoperiod of 12 h was
applied to give day and night equal weight. No relationship
was found between internode length and DIF. According to
these authors, stem elongation in chrysanthemum responded
to the absolute DT and NT rather than to DIF, and DT
appeared to be the dominant factor controlling internode
length. It was thus concluded that DIF is an artefact, lacking
real biological signi®cance, that can obscure the real
importance of the absolute temperatures at which plants
are grown (Langton, 1998). However, given the short
duration of the experiment performed by Langton and
Cockshull (only 10 d), the possibility exists that the
measured internodes were not fully elongated, thereby
invalidating their conclusions. Langton and Cockshull
(1997a) were aware of this problem, but considered it
unlikely that ®nal internode lengths would have given a
substantially better ®t with DIF.

Despite numerous studies of the effects of temperature on
extension growth of chrysanthemum (mainly pot chrysan-
themum), this phenomenon is still not fully understood,
leading to uncertainties over how to optimize the use of
temperature (Langton, 1998). Furthermore, it is still not
clear from the literature whether stem elongation in
chrysanthemum is controlled by DIF. The aims of this
paper are: (1) to test whether the con¯icting results on DIF
validity can be explained by differences in the stage at
which internode length is measured; and (2) to identify the
conditions where the use of DIF explains chrysanthemum
internode length. To obtain more insight into the stem
extension process, the time courses of internode length,

TABLE 1.DIF values (°C) resulting from the combination
of four day temperatures and four night temperatures

Night temperature
Day temperature (°C)

(°C) 16 20 24 28

16 0 +4 +8 +12
20 ±4 0 +4 +8
24 ±8 ±4 0 +4
28 ±12 ±8 ±4 0

F I G . 1. Elongation patterns of internode 10 as a function of day
temperature (DT) and night temperature [16 °C (open circles), 20 °C
(open squares), 24 °C (closed circles), 28 °C (closed squares) in
chrysanthemum `Reagan Improved'. Vertical bars indicate s.e.m. (n = 2)

when larger than symbols.
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number of internodes and stem length were measured by a
non-destructive method, and analysed separately for 16 day
and night temperature combinations, ranging from 16 to
28 °C.

MATERIALS AND METHODS

Plant material and growing conditions

Block-rooted cuttings of Chrysanthemum `Reagan
Improved', obtained from a commercial propagator
(Fides, De Lier, The Netherlands), were planted on 16
May 2001 (replication 1) and 13 Jun. 2001 (replication 2) in
14 cm pots containing a peat-based commercial potting
compost (Lentse potgrond nr. 4; 85 % peat, 15 % clay).
After 2 d in a common glasshouse environment (18 °C DT/
16 °C NT and 18 h light), temperature treatments were
imposed. Plants were selected for uniformity (8´0 6 1´0
leaves per plant; 12´1 6 2´0 cm stem length) and distributed
over four arti®cially lit growth chambers (2´90 m 3 2´20 m
3 3´15 m).

Each growth chamber had a constant day and night
temperature (16, 20, 24 or 28 °C). Since only four growth
chambers were available, for each replication, plants were
shifted at the start and end of each day according to their DT
and NT treatment. Fluorescent tubes (Philips TL 58W,
colour 84) were used continuously during the 12 h of
daylight (between 0800 and 2000 h) providing 99 mmol m±2

s±1 photosynthetic active radiation at plant level (LI-COR,
model LI-191SA; Lincoln, USA). This light level resulted in
a daily light integral (4´3 mol m±2 d±1) that was similar to
that received by plants growing in commercial glasshouses
during the winter in The Netherlands (52°N). Plants were
grown as individual plants under ambient CO2 (growth
chamber continuously ventilated) and at constant vapour
pressure de®cit (VPD = 0´57 kPa). Plants were watered by
hand as required. The experiment ended when internode 10
had reached its ®nal length in all temperature combinations

studied. This occurred 26 (replication 1) and 28 d (repli-
cation 2) after the start of the treatments, but was considered
to have occurred on day 27 for both replicates in the
analyses.

Temperature and relative humidity were automatically
recorded at 5 min intervals using a commercial computer
system (Hoogendoorn, Vlaardingen, The Netherlands). The
24 h mean temperatures of each growth chamber did not
differ from the set points (16, 20, 24 or 28 °C). The
corresponding mean VPD was slightly different from its set
point and there were small differences between the repli-
cates (0´51 6 0´02, 0´50 6 0´03, 0´57 6 0´00 and 0´57 6
0´00 kPa).

Treatments

Sixteen temperature treatments were applied resulting
from all combinations of four DT and four NT (16, 20,
24 and 28 °C) (Table 1). All plants were moved each
day according to their DT and NT combination; plants
in constant DT and NT treatments were also moved out
of, and back into, their growth chambers. To test the
effect of this movement on stem length, four extra
treatments (16, 20, 24 and 28 °C with constant DT and
NT) were initiated in which plants were kept perman-
ently inside the growth chamber.

Periodic non-destructive measurements were con-
ducted on ten plants per experimental plot on days 0,
5, 10, 17, 21 and 26 (replication 1) and days 0, 5, 10,
17, 24 and 28 (replication 2) after the start of the
treatments. Length of internode 10, number of leaves on
the main stem (>10 mm; equal to the number of
internodes) and stem length were recorded. Internode 10
was chosen to guarantee that it developed under the
treatment conditions, as it was not visible at the start of
the treatments. A digital calliper was used to measure
internode lengths.

F I G . 2. Relationships between the length of internode 10 and DIF (°C) 10 d (A) and 27 d (B) after treatments started in chrysanthemum `Reagan
Improved'. Symbols represent 16 day and night temperature combinations, with a day temperature of 16 °C (open circles), 20 °C (open squares),
24 °C (closed circles) and 28 °C (closed squares). Regression lines: A, y = 6´40 + 0´202x, R2 = 0´64; B, y = 16´57 + 0´547x, R2 = 0´81. Vertical bars

indicate s.e.m. (n = 2) when larger than symbols.
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Statistical design and analysis

The experimental set-up was a complete randomized
block design with the two replications in time as blocks.
Each replication consisted of ten plants per plot (treatment)
and plants from the same treatment were placed in two
separate trays (®ve pots per tray). Linear regression analysis
and ANOVA were conducted and treatment effects were
tested at the 5 % probability level. The statistical software
package Genstat 5 (IACR-Rothamsted, UK) was used.

RESULTS

Effect of temperature on internode length

Time patterns and temperature responses. Internode
length followed a sigmoid time course for all 16 day and
night temperature combinations (Fig. 1). Five days after
treatments had started, internode 10 was still not measurable
under any conditions. In general, rapid internode elongation
was observed between days 5 and 17, followed by a plateau.
In some temperature treatments (e.g. all 28 °C NTs),
internode 10 was already fully elongated by day 17 (Fig. 1),
whereas in other treatments (e.g. 16 °C DT/16 °C NT) this
was delayed by about 1 week (Fig. 1A). The experiment
®nished on day 27 when the ®nal length of internode 10 had
been achieved in all temperature treatments (Fig. 1).

Ten days after the treatments were imposed, internode
length showed a signi®cant (P < 0´001) positive linear

F I G . 3. Relationship between the length of internode 10 at 10 and 27 d
after treatments started in chrysanthemum `Reagan Improved'. Symbols
represent 16 day and night temperature combinations, with a day
temperature of 16 °C (open circles), 20 °C (open squares), 24 °C (closed
circles) and 28 °C (closed squares). Regression line: y = 7´89 + 1´36x, R2

= 0´51. Vertical bars indicate s.e.m. (n = 2) when larger than symbols.

F I G . 4. Mean ®nal length of internode 10 as a function of day temperature (DT) and night temperature (NT) in chrysanthemum `Reagan Improved'.
Symbols represent measured values from 16 day and night temperature combinations, with (A) NT of 16 °C (open circles), 20 °C (open squares),
24 °C (closed circles) and 28 °C (closed squares); (B) DT of 16 °C (open circles), 20 °C (open squares), 24 °C (closed circles) and 28 °C (closed
squares). Solid lines represent regression model: ®nal internode length (mm) = ±32´23 + 3´56 DT + 1´08 NT ± 0´0687 DT2 ± 0´0371 NT2; R2 = 0´909.

LSD15, 0´05 = 1´08 mm.

TABLE 2.Regression models using one factor (DT, NT, MT
and DIF) for ®nal internode length, IAR and stem length
formed during the experiment for chrysanthemum `Reagan

Improved'

Model R2
adj s.e.* Fprob

²

Final internode length (mm)
= 16´57 + 0´547 DIF 0´81 1´75 <0´001
= 28´75 ± 0´554 NT 0´42 3´08 <0´001
= 4´69 + 0´540 DT 0´40 3´14 <0´001
= 16´87 ± 0´014 MT 0´01 4´03 0´330

IAR (number of internodes d±1)
= ± 0´0022 DT2 + 0´113 DT ± 0´75³ 0´88 0´03 <0´001
= ± 0´0026 MT2 + 0´131 MT ± 0´99³ 0´61 0´07 <0´001
= 0´281 + 0´0155 DT 0´72 0´05 <0´001
= 0´228 + 0´0179 MT 0´51 0´06 <0´001
= 0´622 + 0´0065 DIF 0´31 0´08 0´002
= 0´568 + 0´0024 NT 0´10 0´09 0´090

Stem length (cm)
= ± 0´146 DT2 + 7´82 DT ± 72´9³ 0´88 2´58 <0´001
= ± 5´18 + 1´40 DT 0´77 3´53 <0´001
= 25´65 + 0´88 DIF 0´60 4´63 <0´001
= 2´83 + 1´038 MT 0´18 6´63 0´021
= 33´66 ± 0´364 NT 0´02 7´27 0´307

* Standard error of regression.
² F probability of regression.
³ Signi®cant quadratic model tested based on the graphical

presentation of the data.
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relationship with DT, which explained 84 % of its variance;
no signi®cant (P = 0´97) relationship was observed with NT.

At the same time, although internodes were not yet full-
grown, a signi®cant (P < 0´001) positive linear relationship
(R2 = 0´64) between internode length and DIF was found
(Fig. 2A). However, this relationship was much closer
(R2 = 0´81) when internodes had reached their ®nal length in
all the treatments (day 27) (Fig. 2B). Thus, plants grown
under temperature combinations that resulted in a negative
DIF had shorter internodes compared with plants grown
under a positive DIF. For example, the mean ®nal length of
internode 10 at 16 °C DT/28 °C NT (±12 °C DIF) was 48 %
less than that at the reciprocal combination 28 °C DT/16 °C
NT (+12 °C DIF). Similarly, plants grown at the same DIF
(e.g. ±4°C DIF: 16 °C DT/20 °C NT or 24 °C DT/28 °C NT)
had similar ®nal internode lengths. Linear regression
analysis showed that among the temperature variables
studied (DT, NT, MT and DIF), DIF gave the best ®t to the
®nal internode length, accounting for 81 % of its variance
(Table 2). Furthermore, only a poor relationship (R2 = 0´51)
between internode length at day 10 and ®nal internode
length (day 27) was found (Fig. 3).

Final internode length: modelling DT and NT responses.
The individual effect of absolute DT and NT on ®nal length
of internode 10 is given in Fig. 4. An ANOVA of ®nal
internode length showed no signi®cant interaction between
DT and NT (P = 0´091). The quadratic terms were tested and
found to be signi®cant for both DT (P < 0´001) and NT
(P = 0´011). This resulted in the following regression
equation:

®nal internode length (mm) =
±32´23 + 3´56DT + 1´08NT ± 0´0687DT2 ± 0´0371NT2 (1)

where TD is day temperature and TN is night temperature.
Measured and predicted ®nal internode length showed

good agreement (R2 = 0´91) (Fig. 4). Based on eqn (1), the
optimum temperature for internode elongation was calcu-
lated, resulting in a much higher value for DT (25´9 °C) than
for NT (14´6 °C). Thus, within the temperature range
studied (16±28 °C), ®nal internode length had an opposite
response to DT and NT: a higher DT resulted in a quadratic
increase in ®nal internode length, whereas a higher NT
resulted in a quadratic decrease in ®nal internode length
(Fig. 4).

Using eqn (1), ®nal internode length was predicted for
several ranges of DT and NT combinations, and was plotted
against DIF (Fig. 5). Taking the ®rst-order partial deriva-
tives of eqn (1) with respect to DT and NT showed that, at

F I G . 5. Predicted ®nal internode length in chrysanthemum `Reagan
Improved', based on eqn (1), as a function of DIF (°C) in four
temperature intervals: (A) 18±24 °C; (B) 16±28 °C; (C) 12±22 °C; (D)
22±32 °C. Symbols represent day and night temperature combinations,
with a day temperature of 12 °C (open triangle), 14 °C (grey triangle),
16 °C (black triangle), 18 °C (open diamond), 20 °C (grey diamond), 22
°C (black diamond), 24 °C (open circle), 26 °C (grey circle), 28 °C
(black circle), 30 °C (open square), 32 °C (grey square). Solid lines
represent linear regressions on the data: A, y = 18´07 + 0´578x, R2 =
0´95; B, y = 17´00 + 0´546x, R2 = 0´89; C, y = 14´88 + 0´704x, R2 = 0´62;

D, y = 14´74 + 0´388x, R2 = 0´32.
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22 °C, both derivatives had approximately the same
absolute value and opposite sign. DIF values calculated
within an interval of DT and NT combinations close to 22 °C
therefore gave a good ®t to the predicted internode length
(Fig. 5A and B). DT and NT combinations in the range of
18±24 °C resulted in the best ®t (R2 = 0´95) between these
two variables (Fig. 5A), followed by the studied temperature
range (16±28 °C) where DIF could explain 89 % of the
variance (Fig. 5B).

DIF showed a poor relationship with the predicted ®nal
internode length for combinations of DT and NT ranging
between 12 and 22 °C (Fig. 5C), and between 22 and 32 °C
(Fig. 5D). For these temperature ranges, plants growing
under the same DIF would have a very different predicted
internode length. For instance, at 0 °C DIF, the predicted
internode length varied between 8 mm (12 °C DT/12 °C
NT) and 19 mm (22 °C DT/22 °C NT) (Fig. 5C). Although a
signi®cant (P < 0´001) positive linear trend was observed for
both temperature ranges (Fig. 5C and D), a lower DIF did
not always result in shorter internodes. For example, the
predicted internode length for plants grown at 18 °C DT/
22 °C NT (±4 °C DIF) was 88 % larger than for plants grown
at 12 °C DT/12 °C NT (0 °C DIF).

Effect of temperature on internode appearance rate and stem
length

Internode appearance rate (IAR) was calculated using the
slope of the linear relationship between number of
internodes and time (from 0 to 21 d after treatments
started). A quadratic response to DT could explain 88 % of
the variance observed in IAR (Table 2). IAR increased with
DT up to an optimum at 25´7 °C. At this temperature,
predicted IAR was 43 % higher than for plants grown at
16 °C DT. A further increase in DT, up to 28 °C, had a minor
effect on this rate (Fig. 6A). MT and DIF also had a
signi®cant in¯uence on IAR, but a lower percentage of
variance was explained by these variables (Table 2).

The stem length formed during the experiment (®nal stem
length ± initial stem length) was signi®cantly in¯uenced by
DT, DIF and MT, but a quadratic model using DT only
explained the largest proportion of the variance (88 %)
(Table 2). Increasing DT from 16 to 24 °C caused stem
length to double, but a further increase had only a minor
effect. However, this model overestimated the stem length
of plants grown at 28 °C NT (Fig. 6B).

Stem length was closely related to IAR (R2 = 0´82) and to
a lesser extent with ®nal length of internode 10 (R2 = 0´71).
These two variables together explained 97 % of its
variability.

Effect of movement on stem length

The daily movement between growth chambers that was
imposed on the plants had no signi®cant effect (P = 0´097)
on stem length formed during the experiment under the
temperature conditions tested (16, 20, 24 and 28 °C,
constant DT and NT).

DISCUSSION

Within the experimental temperature range of 16±28 °C, a
positive linear relationship between DIF and internode
length was observed when internodes had reached their ®nal
size (Fig. 2B). In contrast to the assumption of Langton and
Cockshull (1997a), it was shown that internode lengths
recorded in early stages of development do not bear a close
relationship to ®nal internode lengths (Fig. 3). A possible
reason for these ®ndings is the fact that internodes from
plants grown under different temperature combinations
were at different stages of elongation at day 10 (Figs 1 and
3). For instance, 10 d after the treatments started, internode
10 from plants grown at 20 °C DT/16 °C NT had reached
only 28 % of its ®nal length, whereas at 20 °C DT/28 °C NT
it had reached 47 % of its ®nal length (Fig. 1B). This is a
result of different durations of elongation period and

F I G . 6. IAR (A) and stem length formed during the experiment (B) as a function of day temperature (DT) in chrysanthemum `Reagan Improved'.
Symbols represent 16 day and night temperature combinations, with a night temperature of 16 °C (open circles), 20 °C (open squares), 24 °C (closed
circles) and 28 °C (closed squares). Regression curves: A, y = ± 0´0022x2 + 0´113x ± 0´75, R2 = 0´88; B, y = ±0´146x2 + 7´82x ± 72´9, R2 = 0´88.

Vertical bars indicate s.e.m. (n = 2) when larger than symbols.
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different rates of internode elongation. Hence, the conclu-
sion of Langton and Cockshull (1997a) that internode
elongation is not related to DIF may be invalidated by the
short duration of their experiment (10 d).

Besides the stage at which internodes were measured, the
range of temperatures also played a major role in the
relationship with DIF. The predicted ®nal internode length,
based on a quadratic model for both DT and NT [eqn (1)],
showed a positive relationship with DIF (Fig. 5). However,
a close relationship existed only within a certain tempera-
ture interval (Fig. 5A and B) when the positive effect of DT
on ®nal internode length was compensated by a similar
negative effect of NT (Fig. 4), resulting in equal length at
the same DIF. For temperature combinations outside that
range (10±22 °C and 22±34 °C), predicted ®nal internode
length showed a poor relationship with DIF (Fig. 5C and D).

These results clearly demonstrate that the DIF concept is
valid only if the effects of DT and NT on internode length
have similar magnitudes and opposite signs. This leads to a
conclusion similar to that drawn by Pearson et al. (1995)
who reported that plants do not respond to DIF itself but to
the combination of the independent effects of temperature
during the day and night periods.

In previous studies on pot chrysanthemum, stem length
was closely related to DIF (e.g. Karlsson et al., 1989;
Cockshull et al., 1995) because plants were grown under
short day conditions, without a period of long days.
Consequently, stem elongation was mainly the result of
internode elongation alone since all the internodes had been
previously formed. To analyse the effect of temperature on
stem elongation of cut chrysanthemum, attention should
also be paid to its in¯uence on the number of internodes. For
many plant species, including chrysanthemum, leaf unfold-
ing rate (equal to IAR) has been reported to increase linearly
with MT (Karlsson et al., 1989; Challa et al., 1995).
However, in the present study, IAR showed an optimum
response to MT, and an even stronger one to DT alone
(Table 2; Fig. 6A). Larsen and HideÂn (1995) were also
unable to ®nd a simple linear relationship between MT and
leaf unfolding rate in chrysanthemum. These differences
may be due to a cultivar effect.

Stem length formed during the experiment showed a
closer relationship to DT than to DIF (Table 2). If stem
length were dependent only on ®nal internode length
(mainly controlled by DIF), then plants grown at the same
DIF, regardless of the actual DT and NT, would have a
similar stem length. However, at the end of the experiment,
plants had not reached their ®nal stem length. Several
internodes (above internode 10) were not fully elongated,
but the number of internodes was already de®ned in all
treatments except 28 °C NT combinations, where the apical
¯ower bud was still not visible. This could explain why stem
length showed a closer relationship with IAR (R2 = 0´82)
than with ®nal length of internode 10 (R2 = 0´71). Thus, it is
expected that the response of ®nal stem length to tempera-
ture would have been different. In general, as more
internodes become fully elongated, the relationship between
®nal stem length and DIF should improve.

Considering that chrysanthemum is commonly grown at
temperatures between 17 and 23 °C and that the daily

movement imposed on the plants did not affect stem length,
these results can be extrapolated to commercial growing
conditions. Although the DIF concept is simply a different
parameterization of the distinct responses to DT and NT
(Langton and Cockshull, 1997a) it can still be a valid tool in
the manipulation of ®nal internode length. However, the use
of different chrysanthemum cultivars (Hansen et al., 1996)
or different growing conditions (Myster and Moe, 1995)
should be taken into account when evaluating the effect-
iveness of DIF. For instance, Myster and Moe (1995)
suggested that there is a higher sensitivity of stem elonga-
tion to temperature ¯uctuations during the short day period
rather than the long day period for several pot plants.

CONCLUSIONS

The response of chrysanthemum ®nal internode length to
temperature is strongly related to DIF, but this response is
simply the result of independent and opposite effects of day
and night temperatures. It is concluded that although the
DIF concept does not have a biological meaning, it can be a
good predictor of ®nal internode length of chrysanthemum
within a temperature range of 16±28 °C.
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