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Abstract

The short-day plants Begonia�cheimantha, Chrysanthemum morifolium (one pot and one cut

cultivar), Euphorbia pulcherrima (poinsettia) and Kalanchoe blossfeldiana were grown at vapour

pressure de®cits (VPDs) of 155, 420 and 660 Pa (corresponding to 93, 81 and 70% relative air

humidity, respectively). The lowest VPD delayed time to ¯owering by three to four days in pot and

cut chrysanthemum but did not affect the other species. When decreasing VPD from 660 to 420 Pa,

plant height was increased in chrysanthemum, Kalanchoe and poinsettia. A further increase in

humidity increased the height in chrysanthemum and poinsettia, but not in Begonia. Leaf size in

poinsettia and chrysanthemum was increased when VPD was decreased, but was reduced in

Kalanchoe at the lowest VPD. High humidity enhanced the plant dry weight of poinsettia and

Kalanchoe, decreased it in Begonia and had no signi®cant effect in chrysanthemum. The highest

plant quality was generally produced under the lowest humidity, with the development of more

compact plants. Keeping quality as tested under indoor conditions was the same irrespective of

humidity in Begonia, poinsettia and pot chrysanthemum, highest at 660 Pa VPD in Kalanchoe and

at 155 Pa VPD in cut chrysanthemum. The water consumption per leaf area unit during growth was

decreased by 39±58% in chrysanthemum, Kalanchoe and poinsettia when VPD was decreased from

660 to 155 Pa. Water loss from detached leaves generally increased with decreasing VPD during

growth, particularly in Begonia and poinsettia. # 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

At high latitudes, a high degree of control of the greenhouse climate is possible
with low solar radiation, a cold climate and little ventilation of the greenhouse.
An optimal level of daily photosynthetic photon ¯ux and photoperiod can be
established using arti®cial lighting, and CO2 concentration can be maintained at a
desirable level. Under these conditions the VPD often decreases to about 200 Pa
(about 90% relative humidity) throughout both day and night, because there is
little condensation of water vapour on the inner surface of the greenhouse, which
is often constructed of insulating material (double acrylic or polycarbonate
sheets). Since high humidities seldom cause any direct negative effect on plant
growth, this climate parameter is often neglected, so long as diseases do not
appear. Ventilation to decrease humidity level should be avoided because of the
increased energy consumption and reduced control of CO2 concentration.

Until now, optimization of the greenhouse environment has been achieved
mainly by focusing on the productivity and visual plant quality of ¯ower crops;
keeping quality has been given less attention. This is particularly the case with
respect to air humidity. The effect of air humidity on the keeping life of ¯ower
crops is little known, with one exception: in cut roses, humidity control (avoiding
high humidities) as a means of improving keeping quality is nowadays strongly
advocated in the greenhouse industry in Scandinavia (Mortensen and Fjeld, 1998).

The effect of air humidity on the growth and plant morphology of ¯owering
greenhouse plants has also been given relatively little attention (Grange and
Hand, 1987). Increasing the humidity from about 700 to 200 Pa VPD has been
found to increase the leaf area and dry weight of agricultural plants such as wheat
and sugar beet (Ford and Thorne, 1974). In a range of agricultural plants,
humidity has no effect at levels ranging from 500 to 1500 Pa VPD, but at higher
VPD levels some reductions in photosynthetic rate can be observed (Rawson and
Begg, 1977; Leach, 1979). The growth of several foliage pot species is generally
found to be little affected when VPD is decreased from 1000 to 400 Pa
(Mortensen and Gislerùd, 1990). Decreasing VPD from 900 to 100±200 Pa in
Begonia�hiemalis and poinsettia, however, strongly enhances leaf size and plant
height. Transpiration is decreased by 50ÿ60%, but nutrient concentrations in the
leaves are little affected (Gislerùd et al., 1986; Mortensen, 1986). Keeping quality
is rarely investigated in these experiments.

Shoot elongation and increased leaf size caused by high RH are negative
aspects of plant quality. However, if chemical growth retardants are used
regularly, such negative effects will hardly be noticed. With more and more
restrictions on the use of chemical growth retardants, in future, there will be an
increased focus on greenhouse climate and control of plant morphogenesis.

The objective of the present study was to evaluate growth, morphology and
keeping quality as in¯uenced by air humidity in some ¯owering greenhouse plants.
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2. Materials and methods

Rooted cuttings of Begonia�cheimantha cv. Hanne, Chrysanthemum mor-

ifolium cv. Framint (cut chrysanthemum), Euphorbia pulcherrima cv. Lilo
(poinsettia) were planted in standard fertilized peat (Floralux, Nittedal industrier)
in 12-cm pots, and Kalanchoe blossfeldiana cvs. Debbie and Sally, Chrysanthe-
mum morifolium cv. Yellow Blush (pot chrysanthemum) plants in 11-cm pots.
One cutting was planted per pot, except in the case of pot chrysanthemum, where
four cuttings were used. Plant dry weight per pot was 1.62 g in Begonia, 0.54 g in
pot chrysanthemum, 0.27 g in cut chrysanthemum, 1.26 g in poinsettia and 0.38
and 0.17 g in Kalanchoe cv. Debbie and Sally, respectively. Twelve plants of each
cultivar were placed in each of six growth chambers on 9±11 January, excepting
pot chrysanthemum, which was placed in the chambers on 25 January. The
chambers (growing area 2.5 m2) were placed in a greenhouse compartment,
previously described by Mortensen and Nilsen (1992). Three air humidities (VPD
of 660, 420 and 155 Pa, corresponding to 70, 81 and 93% RH, respectively) were
established, and two chambers were placed at each humidity. The VPD differed
by less than 20 Pa between parallel chambers as a mean for the whole growth
period. The VPD was controlled within �60 Pa. The humidity sensors (Vaisala
HMP 35A) were calibrated using salt solutions of known concentrations (Vaisala
HMK 11 Humidity Calibrator). Supplementary lighting was given using high-
pressure sodium lamps (Philips SON/T) 20 h per day until 25 January, and
thereafter 10 h per day until the end of the experiment. Photosynthetic photon
¯ux density (PFD) was 95ÿ105 mmol mÿ2 sÿ1 for Begonia, Kalanchoe and pot
chrysanthemum, 125 mmol mÿ2 sÿ1 for poinsettia and 125ÿ150 mmol mÿ2 sÿ1

for cut chrysanthemum. The light was measured using a Lambda LI-185B with
quantum sensor above the plants. Different PFD levels between the species were
due to different plant heights and location in the chamber. The contribution of the
daylight inside the chambers amounted to a mean of 4.2 mol mÿ2 per day
between 10 January and 10 March, the main growing period for most of the
species. The mean photon ¯ux was 1.7, 4.1 and 10.9 mol mÿ2 per day in January,
February and March, respectively. The light was measured at the Meteorological
Station at Sñrheim Research Centre. The values measured were reduced by 50%
due to the reduction by the greenhouse and growth chamber constructions. The
temperature was maintained at 19.0�0.28C and CO2 concentration at
625�15 mmol molÿ1 in all chambers.

The plants were watered regularly with a complete nutrient solution, as
previously described (Mortensen and Fjeld, 1998). Soil salinity was maintained
between 2.5 and 3.5 mS cmÿ1 (electrical conductivity) and pH at 5.0ÿ5.5. Soil
salinity in Begonia, however, was between 4.0 and 4.5 mS cmÿ1. Soil salinity was
generally about 0.5 mS cmÿ1 lower with the 155 Pa VPD treatment compared
with the 660 Pa VPD treatment. Water consumption of the plants increased with
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increasing VPD. A complete nutrient solution was given at the same time at all
three humidity levels. In addition, pure water was given at the lower humidity,
more water was needed at this level than at the high humidity level.

The plants were harvested at the ¯owering stage, and plant height and diameter,
¯owering, fresh and dry weights were recorded. A quality index from 0 to 10 was
used in Begonia, with 5 as the lowest saleable value and 10 as the top score. Three
pots of each cultivar were put in plastic bags in each chamber and water
consumption was measured during the course of two days. The area and dry
weight of three to ®ve leaves were recorded on these plants. On the basis of this
information speci®c leaf area (SLA), total leaf area per plant, and water
consumption per pot and per leaf area unit was calculated.

At the time of ¯owering, seven plants per chamber of each cultivar were
harvested and ®ve plants were tested for keeping life. These plants were placed in
a room at 1700�200 Pa VPD and 22.0�0.58C to simulate indoor climatic
conditions. The pot chrysanthemum plants were tested in another room at
23.5�2.08C and (about 1900 Pa VPD). Light at a level of 15 mmol mÿ2 sÿ1

photon ¯ux was given for 12 h per day by means of ¯uorescent lamps (Philips TL
33). Keeping life was determined as time until the plants lost their decorative
value, i.e. when almost all ¯owers had wilted.

At the time of ¯owering, some leaves were picked off from the plants growing
in the different chambers. Weight loss during 6 and 13 h was measured under
25�18C and 1900�200 Pa VPD.

The water consumption of pot chrysanthemum was measured during the ®rst
two days in indoor conditions and one week later. This was done by weighing the
pots which were covered by plastic bags.

The species were placed in the chambers in such a way that the shading
between the species was minimized, i.e. the tallest species (cut chrysanthemum)
to the north and species of decreasing heights towards the south of the chamber.
All data were subjected to an analysis of variance with the SAS-GLM procedure
(SAS Institute, Cary, USA) using plants as replicates.

3. Results

3.1. Growth, ¯owering and keeping life

Begonia. Raising the humidity from 660 to 420 Pa VPD increased plant
diameter and plant dry weight of Begonia, while a further increase decreased
it again (Table 1). Plant quality was best at 420 Pa VPD, while keeping life
was unaffected by humidity. At the lowest VPD, leaf wilting was observed
caused by Botrytis cinerea; the quality index was therefore slightly reduced at this
RH level.
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Chrysanthemum (pot cultivar). Flowering was delayed by three days when
humidity was increased from the two lowest levels to the highest level in
chrysanthemum cv. Yellow Blush (Table 2). Plant height and leaf size increased
gradually with decreasing VPD, while plant dry weight, SLA and keeping life
were unaffected.

Chrysanthemum (cut cultivar). When VPD was decreased from 660 to 155 Pa,
¯owering was delayed by 4.2 days, shoot length was increased by about 8.7 cm
and number of leaves by 2.6 (Table 3). Leaf area, leaf size and SLA (data not
presented) were unaffected by humidity, while keeping life was slightly increased
when humidity was raised.

Kalanchoe. Time until ¯owering was unaffected, while height, diameter, dry
weight, leaf area and SLA were enhanced when humidity was raised in

Table 1

The in¯uence of air humidity (VPD) on growth, ¯owering and keeping life of Begonia cv. Hannea

VPD

(Pa)

Plant

height

(cm)

Plant

diameter

(cm)

Plant

dry

wt. (g)

Dry

wt.

(%)

Quality

index

Keeping

life

(days)

660 13.9 � 0.4 24.3 � 0.8 7.6 � 0.5 6.6 � 0.1 6.6 � 0.3 35 � 2

420 14.9 � 0.4 28.7 � 0.8 9.0 � 0.6 5.9 � 0.1 7.2 � 0.3 34 � 2

155 14.2 � 0.6 23.4 � 1.2 5.8 � 0.5 6.5 � 0.1 5.6 � 0.3 34 � 1

Significance level n.s.b **** **** **** *** n.s.b

a Standard errors (�S.E.) are given and n�14 except for keeping life (n�10).
b Not signi®cant.
*** p < 0.01.
**** p < 0.001.

Table 2

The in¯uence of air humidity (VPD) on growth, ¯owering and keeping life of chrysanthemum cv.

Yellow Blusha

VPD

(Pa)

Days

until

flowering

Plant

height

(cm)

No. of

flowers

Plant

dry

wt. (g)

Dry

weight

(%)

Total leaf

area (dm2)

Leaf

size

(cm2)

SLA

(cm2 gÿ1

dry wt.)

Keeping

life

(days)

660 45.0 � 0.2 19.9 � 0.2 40 � 2 12.6 � 0.5 11.0 � 0.1 10.7 � 0.3 20 � 1 303 � 14 28.3 � 0.6

420 45.4 � 0.4 21.1 � 0.3 41 � 2 12.9 � 0.6 10.9 � 0.1 12.9 � 1.0 23 � 1 309 � 6 27.9 � 0.8

155 48.1 � 0.1 24.4 � 0.3 43 � 2 13.0 � 0.7 11.4 � 0.2 11.7 � 0.6 25 � 2 312 � 9 28.0 � 0.5

Significance

level

**** **** n.s.b n.s.b n.s.b * ** n.s.b n.s.b

a
Standard errors (�S.E.) are given and n�14 except for keeping life (n�10).

b
Not signi®cant.

*
p < 0.10.

**
p < 0.05.

****
p < 0.001.
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Kalanchoe cv. Debbie (Table 4). A different response was found in cv. Sally,
where ¯owering was delayed, with plant height and diameter, and dry weight
decreasing at the highest humidity (Table 4). Decreasing the VPD increased leaf
wilting of the oldest leaves due to attack of Botrytis cinerea in both cultivars.
Keeping life of cv. Debbie was longest when grown at 660 Pa VPD, but was
unaffected by humidity in cv. Sally.

Table 3

The in¯uence of air humidity (VPD) on growth, ¯owering and keeping life of chrysanthemum cv.

Framinta

VPD

(Pa)

Days

until

flowering

Stem

length

(cm)

Shoot

dry

wt. (g)

Dry wt.

(%)

No. of

inter-

nodes

No. of

branches

Total leaf

area (dm2)

Leaf

size

(cm2)

Keeping

life

(days)

660 51.2 � 0.3 73.5 � 0.6 24.5 � 1.8 15.9 � 0.3 31.7 � 0.3 6.7 � 0.2 24.3 � 1.5 43 � 2 17.3 � 0.3

420 52.5 � 0.4 76.9 � 0.8 27.0 � 2.3 16.1 � 0.4 32.1 � 0.3 6.6 � 0.2 21.9 � 2.0 46 � 1 18.0 � 0.4

155 55.4 � 0.4 82.2 � 0.8 29.9 � 3.5 16.3 � 0.4 34.3 � 0.4 6.8 � 0.2 20.3 � 1.0 42 � 2 19.6 � 0.6

Significance

level

**** **** n.s.b n.s.b *** n.s.b n.s.b n.s.b ***

a
Standard errors (�S.E.) are given and n�14 except for keeping life (n�10).

b
Not signi®cant.

***
p < 0.01.

****
p < 0.001.

Table 4

The in¯uence of air humidity (VPD) on growth, ¯owering and keeping life of Kalanchoe cvs.

Debbie and Sallya

VPD

(Pa)

Days

until

flowering

Plant

height

(cm)

Plant

diameter

(cm)

Plant

dry

wt. (g)

Dry

weight

(%)

Leaf

wilting

Total leaf

area (dm2)

Leaf

size

(cm2)

SLA

(cm2 gÿ1

dry wt.)

Keeping

life

(days)

Debbie

660 80 � 1 13.2 � 0.4 20.9 � 0.5 19.9 � 0.9 7.4 � 0.2 0.6 � 0.2 3.90 � 0.10 42 � 3 130 � 4 29 � 2

420 79 � 1 16.5 � 0.3 22.2 � 0.4 23.6 � 0.9 7.7 � 0.2 2.0 � 0.4 5.02 � 0.58 42 � 3 133 � 6 21 � 1

155 80 � 1 17.1 � 0.3 23.8 � 0.5 26.5 � 1.4 7.8 � 0.1 4.5 � 0.5 6.28 � 0.73 34 � 2 177 � 8 21 � 2

Significance

level

n.s.b **** **** **** n.s.b **** ** n.s.b **** ***

Sally

660 81.9 � 0.4 16.5 � 0.3 22.5 � 0.2 22.2 � 0.6 5.8 � 0.1 0.3 � 0.1 4.38 � 0.32 44 � 2 155 � 10 45.0 � 0.9

420 83.0 � 0.6 16.0 � 0.2 23.3 � 0.4 23.0 � 0.8 5.9 � 0.2 1.8 � 0.4 5.15 � 0.28 49 � 3 155 � 5 44.9 � 1.1

155 86.9 � 0.6 14.2 � 0.3 21.1 � 0.5 19.0 � 1.3 6.9 � 0.4 5.4 � 0.6 6.09 � 0.50 46 � 2 179 � 10 43.1 � 1.3

Significance

level

**** **** **** *** *** **** ** n.s.b * n.s.b

a
Standard errors (�S.E.) are given and n�14 except for keeping life (n�10).

b
Not signi®cant.

*
p < 0.10.

**
p < 0.05.

***
p < 0.01.

****
p < 0.001.
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Poinsettia. Number of days until sale was unaffected by humidity in poinsettia
(Table 5). Decreasing the VPD enhanced height, diameter, internode length,
number of stars, dry weight and leaf size of the plants. Neither time until drop of
cyathies nor keeping life (>48 days) were affected by humidity.

In all species and cultivars, leaf colour was unaffected by air humidity (results
not presented).

3.2. Whole plant water consumption

When VPD decreased, particularly from 420 to 155 Pa, water consumption per
plant or leaf area unit decreased signi®cantly in chrysanthemum, Kalanchoe and
poinsettia (Table 6). The consumption per leaf area unit decreased by 49% in pot

Table 5

The in¯uence of air humidity (VPD) on the growth and ¯owering of poinsettia cv. Liloa

VPD

(Pa)

Days

until

sale

Plant

height

(cm)

Plant

diam.

(cm)

No.

of

stars

Inter-node

length (cm)

Plant

dry

wt. (g)

Dry wt.

(%)

Total leaf

area (dm2)

Leaf

size

(cm2)

SLA

(cm2 gÿ1

dry wt.)

Days until

cyathie

drop

660 61.0 � 0.5 31.1 � 1.0 42.6 � 1.1 3.7 � 0.3 3.7 � 0.3 18.3 � 0.8 16.4 � 0.3 10.3 � 0.9 42 � 3 311 � 9 18.0 � 1.0

420 60.3 � 0.3 41.6 � 1.3 49.8 � 2.0 5.1 � 0.9 5.0 � 0.5 19.9 � 1.1 15.6 � 0.3 10.9 � 0.9 49 � 1 293 � 6 16.7 � 0.7

155 60.6 � 0.4 46.5 � 1.4 50.1 � 1.5 5.7 � 0.6 6.3 � 0.5 22.8 � 1.2 16.3 � 0.2 12.5 � 0.6 59 � 2 326 � 12 18.6 � 0.6

Significance

level

n.s.b **** *** * **** ** n.s.b n.s.b *** n.s.b n.s.b

a
Standard errors (�S.E.) are given and n�14 except for keeping life (n�10).

b
Not signi®cant.

*
p < 0.10.

**
p < 0.05.

***
p < 0.01.

****
p < 0.001.

Table 6

The transpiration (�S.E., n�6) of some plant species during growth at different air humidities

(VPD)

Species Transpiration per plant

(g per day) for VPDs

Transpiration per leaf area unit

(g dmÿ2 per day) for VPDs

Significance level

660 Pa 420 Pa 155 Pa 660 Pa 420 Pa 155 Pa Plant Area unit

Pot

chrysanthemum

83 � 1 76 � 3 46 � 2 7.8 � 0.2 5.9 � 0.2 4.0 � 0.2 **** ****

Cut

chrysanthemum

135 � 10 114 � 8 70 � 10 5.7 � 0.7 5.4 � 0.4 3.5 � 0.4 **** **

Kalanchoe 16.9 � 1.2 19.3 � 1.3 11.0 � 1.6 4.3 � 0.2 3.9 � 0.2 1.8 � 0.2 *** ****

Poinsettia 31.9 � 2.9 28.6 � 2.4 23.7 � 2.2 3.1 � 0.2 2.6 � 0.1 1.9 � 0.2 * ****

*
p < 0.10.

**
p < 0.05.

***
p < 0.01.

****
p < 0.001.
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chrysanthemum, by 39% in cut chrysanthemum, by 58% in Kalanchoe and by
39% in poinsettia when the VPD was decreased from 660 to 155 Pa. When the
pot chrysanthemum cultivar was placed in indoor conditions the plants that had
been grown at the highest humidity level had a much higher water consumption
than those grown at the two lowest humidity levels (Table 7). Immediately after
the plants were placed in indoor conditions, the water consumption was about
50% higher, and one week later 30ÿ40% higher.

3.3. Water loss of detached leaves

Detached leaves from Begonia, pot chrysanthemum and poinsettia grown at
155 Pa VPD lost their water content signi®cantly more quickly than leaves from
plants grown particularly at 660 Pa VPD, but also at 420 Pa VPD (Table 8). Water

Table 7

The water consumption (�S.E., n�10) of chrysanthemum cv. Yellow Blush at indoor conditions as

affected by air humidity (VPD) during growth. Measured immediately after ¯owering (Day 1 and 2)

and one week later (Day 9 and 10)

VPD (Pa) Water consumption (g per plant/h) Plant fresh wt. (g)

Day 1±2 Day 9±10

660 2.92 � 0.22 2.36 � 0.13 111 � 5

420 3.12 � 0.17 2.63 � 0.13 109 � 4

155 4.60 � 0.30 3.36 � 0.15 107 � 6

Significance level **** **** n.s.a

a Not signi®cant.
**** p < 0.001.

Table 8

The in¯uence of air humidity during growth on water loss (�S.E., n�2) of detached leaves after 6

and 13 h

Species Water loss after 6 h (%) for VPDs Water loss after 13 h (%) for VPDs

660 Pa 420 Pa 155 Pa 660 Pa 420 Pa 155 Pa

Begonia 15.6 � 2.0 18.4 � 0.4 26.3 � 1.3 30.6 � 3.9 35.2 � 0.2 49.0 � 2.3

Kalanchoe 4.8 � 0.1 5.5 � 0.7 5.6 � 0.1 8.4 � 0.1 9.2 � 0.8 9.8 � 0.1

Poinsettia 17.1 � 1.1 21.4 � 3.0 25.3 � 0.5 35.3 � 2.6 42.2 � 5.9 48.5 � 1.8

Pot chrysanthemum 16.6 � 0.2 17.0 � 1.4 20.0 � 0.9 29.8 � 1.6 30.3 � 2.1 36.0 � 1.4

VPD **** ****

Species **** ****

VPD�species ** *

*
p < 0.10.

**
p < 0.05.

****
p < 0.001.
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loss from Kalanchoe leaves was minimal and only small differences were found
between the different humidity levels.

4. Discussion

The main motivation for the present experiment was to study how air humidity
affects the keeping life of ¯ower crops, since there is a paucity of knowledge in
this area and since previous results have shown a strong negative effect of high
humidity on the vase life of roses (Mortensen and Fjeld, 1995, 1998). Although
the results differed between the species/cultivars, the main conclusion was that
keeping life is relatively little affected by air humidity during growth. Kalanchoe

cv. Debbie, however, is an exception, which shows the best keeping quality when
grown at the lowest humidity, which is in accordance with previous results on cut
roses (Mortensen and Gislerùd, 1999). In addition to a pot cultivar, a cut cultivar
of chrysanthemum was also included for a more direct comparison with cut roses.
Interestingly, the vase life of cut chrysanthemum was slightly prolonged rather
than shortened by high humidity, as found with roses (Mortensen and Fjeld,
1998). The EC in the pots at the end of the experiment was about 0.5 mS cmÿ1

lower at the highest humidity compared to the lowest; however, in cut roses even
much larger differences in EC did not in¯uence post-harvest longevity
(Mortensen, unpublished results).

When plants are grown at different air humidity levels, soil salinities in pots
will readily change (Gislerùd et al., 1986; Mortensen and Gislerùd, 1989). This is
because, an increase in water demand at increasing VPD is not accompanied by a
comparable increase in nutrient demand. This is a problem when studying the
effect of air humidity on pot plants grown in peat. In the present experiment,
differences in soil salinities were at least partly eliminated by always watering the
plants with a complete nutrient solution at the highest humidity, while the plants
at lower humidity levels were also watered with pure water at frequent intervals.
Nevertheless, there is always a risk that the soil salinity may have had some effect
on the results.

A short keeping life of cut roses was related to non-functional stomata which
remained constantly open (Ghashghaie et al., 1992), and to excessive water loss
from the leaves which could not be compensated by suf®cient water uptake of the
stem (Mortensen and Gislerùd, 1999). When the chrysanthemum cv. Yellow
Blush, grown at high humidity in the present experiment, was placed in indoor
conditions, water consumption became much higher than in the plants grown at
lower humidity. This indicated, at least in part, loss of stomatal control of
transpiration in plants grown at high humidity, as previously shown with cut roses
(Mortensen and Fjeld, 1998). This conclusion is supported by the observation that
detached leaves from plants produced at high humidity had a higher rate of water
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loss than the leaves from plants produced at lower humidity levels. In spite of a
possible part loss of stomatal function and a higher water consumption in indoor
conditions of plants grown at high humidity, water uptake through the roots was
suf®cient to prevent wilting.

The delay of ¯owering by three to four days in the two chrysanthemum cultivars
at the highest humidity is in accordance with previous results with four cut
cultivars of the same species (Hand, Langton and Cockshull, unpublished results,
cited in Grange and Hand, 1987), and with more recent results with three cut
cultivars (Hand et al., 1996). The delay of ¯owering in the present cut
chrysanthemum cultivar could be explained by the development of an increased
number of leaves before ¯owering. In one of the Kalanchoe cultivars a delay in
¯owering was also observed at the highest humidity. One cultivar of Kalanchoe
even failed to ¯ower when grown at 150 Pa VPD in growth rooms with ¯uorescent
light only, while the plants at 600 and 1000 Pa VPD ¯owered normally
(Mortensen, unpublished results, 1985). Time until ¯owering of Begonia�hiemalis

and cut roses has previously been found to be unaffected by humidity level (about
500 and 150 Pa VPD), while Campanula isophylla and particularly Sainpaulia
ionantha ¯owered earlier at the highest humidity (Mortensen, 1986).

The morphology of the plants (i.e. height, diameter and leaf size) was often
signi®cantly affected by the highest humidity level (155 Pa VPD), which is in
accordance with the conclusion of Grange and Hand (1987). At VPD lower than
200 Pa, plant morphology was affected while VPD between 200 and 1000 Pa had
minor effects on the physiology and development of horticultural crops. However,
reducing VPD from 660 to 420 Pa signi®cantly increased plant height and leaf
size in poinsettia and pot chrysanthemum, and plant height of cut chrysanthemum
and Kalanchoe cv. Debbie. Hand et al. (1996) found that decreasing the VPD to
100 Pa caused some reduction in total leaf area of cut chrysanthemum. This is in
accordance with the trends found in the present results with cut chrysanthemum,
however, the total leaf area of the pot chrysanthemum cultivar as well as in
poinsettia and Kalanchoe increased when the VPD was decreased to 155 Pa. In
tomato, signi®cant reduction in leaf area was found when the VPD was decreased
to 150 Pa, and this decrease was associated with calcium de®ciency of the leaves
(Holder and Cockshull, 1990). The height of ®ve of 23 foliage species, many
of them originally from warm and humid tropical conditions, was increased
when VPD was decreased from 1200 to 450 Pa (Mortensen and Gislerùd,
1990). Obviously, some morphological changes also take place within the range
1000±200 Pa VPD. If the VPD is kept at 600±700 Pa a good quality pot
chrysanthemum and poinsettia can be obtained without using chemical growth
retardants, which had to be used at higher humidity levels. In Kalanchoe and
Begonia, high air humidity did not by itself cause morphological effects that
reduced plant quality so much; however, attack of Botrytis cinerea caused some
leaf wilting and reduced quality (see Grange and Hand, 1987).
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In a dense canopy, as is often the case with cut roses, the air humidity may be
higher than in the free air of the greenhouse. This means that when 350 Pa VPD is
measured in the greenhouse, the VPD within a rose canopy may be 150±200 Pa
(Mortensen, unpublished results). This has to be taken into account when
controlling air humidity. A recent experiment carried out with cut rose cultivars
in the same chambers showed that normal stomatal function was lost when
the air velocity was reduced to 0.05 m sÿ1, even if the VPD was kept at
400±500 Pa (Mortensen and Gislerùd, 1997). Air movement may therefore
interfere with air humidity and have different effects on plant growth and plant
water relations.
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