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Abstract

The influence of three relative air humidities (RH) (75, 83 and 91% RH corresponding to vapour

pressure deficits of 550, 390 and 200 Pa, respectively) and two lighting periods (18 and 24 h dayÿ1)

on growth, vase life and leaf±water relations was studied in 14 rose cultivars. Air humidity had no

effect on the number of flowering shoots while shoot fresh weight decreased by 11% as a mean of

all cultivars when RH was raised from 83 to 91%. An increase in the lighting period (LP) enhanced

the number of flowering shoots by 12% and fresh weight per shoot by 5%. A rise in air humidity

from 75 to 91% RH reduced the vase life by 30% (varying from 12 to 75% in the different cultivars)

at 18 h LP and by 44% (varying from 31 to 78% in the different cultivars) at 24 h LP, while an

increase in LP reduced vase life by 23 and 38% at 75 and 91% RH, respectively. The magnitude of

the responses differed significantly among cultivars. Generally, a close relationship was found

between reduction in vase life and rate of water loss of detached leaves from all cultivars. It is

concluded that high air humidity and continuous lighting in general should be avoided in the

production of greenhouse roses. # 1999 Elsevier Science B.V. All rights reserved.

Keywords: Air humidity; Growth; Lighting period; Vase life; Water loss

1. Introduction

Recently it has been found that high air humidity and continuous lighting
during growth greatly reduces the vase life of the rose cultivar Souvenir
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(Mortensen and Fjeld, 1998). While the negative effect of high air humidity on
the keeping quality has so far been documented for three rose cultivars
(Mortensen and Fjeld, 1995; Mortensen and Gislerùd, 1997), a combination of air
humidity and lighting period has so far only been studied in one cultivar. High air
humidity arising in greenhouses is caused by high transpiration rates of the rose
plants combined with poor ventilation, and/or humid and warm weather, in which
conditions ventilation would not be of much help. This means that a very humid
greenhouse environment can occur in a wide range of locations throughout the
world. Air humidity, however, is often not measured and is even less frequently
controlled in greenhouses. It is also a reality that when humidity is measured, the
equipment is often not calibrated, and measured values may deviate 10±20% from
the correct ones (Mortensen, 1997). So far, it can be concluded that humidity
control of the greenhouse atmosphere in flower production has not been given
much attention.

Some growers in Scandinavia provide supplementary lighting during the entire
night in order to obtain a maximal rose yield, and/or in order to heat the
greenhouse during cold nights. An extensive study of the keeping quality of roses
from several growers in Norway carried out in the course of 1 year, revealed
considerable differences in vase life among growers and from the same grower
over time as well (Berland and Mortensen, 1998; Mortensen and Berland, 1998).
It was concluded that at least some of the problems with the keeping quality were
related to poor control of the greenhouse climate.

A great many rose cultivars are grown commercially, and it is a constant
challenge to produce roses with an acceptable vase life. The question that was
raised in this study was how general is the negative effect of air humidity and
lighting period on the longevity of cut roses. To answer this question we
conducted an experiment with 14 cultivars.

2. Materials and methods

Fourteen rose cultivars were propagated from cuttings in July 1997, in a
mixture of limed and fertilized peat (Humus-boÈrsen), sand (5% by volume) and
perlite (33% by volume). After rooting, the plants were planted in the same
substrate in 3 l pots, one plant per pot. On 15 October the plants were pinched at a
height of 25 cm (with three branches) and four pots per cultivar were placed in
each of six growth chambers with a growing area of 2.5 m2 each. The plant
density in the chambers was 22 mÿ2 in the first flush and 19 mÿ2 in the next two
flushes after two cultivars were removed. The chambers were placed in a
greenhouse compartment, and have previously been described by Mortensen and
Nilsen (1992). A factorial experiment including three air humidities, 75, 83 and
91% relative humidity (RH) (corresponding to vapour pressure deficits (vpd) of
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550, 390 and 200 Pa, respectively) and two lighting periods (18 and 24 h dayÿ1)
were established. The mean air humidity was within �1% RH in all chambers
and during the different flushes. The humidity sensors (Vaisala HMP 35A) were
calibrated using salt solutions of known concentrations (Vaisala HMK 11
Humidity Calibrator). Supplementary lighting was given by high-pressure sodium
lamps (Philips SON/T) 18 (6 h dark period) and 24 h dayÿ1 (no dark period) at a
photosynthetic photon flux of 200 � 20 mmol mÿ2 sÿ1 which corresponded to a
photon flux of 13.0 and 17.3 mol mÿ2 dayÿ1, respectively, at the two lighting
periods (LP). The light was measured with a Lambda LI-185B instrument with a
quantum sensor above the plants. Daylight contributed with 4.3, 1.8, 0.7, 1.4, 2.1
and 6.7 mol mÿ2 dayÿ1, as a mean for October, December, January, February and
March, respectively (meteorological station at Sñrheim Research Centre).
Temperature was maintained at 19.0 � 0.18C and the CO2 concentration at
800 � 20 mmol molÿ1 in all chambers.

On 10 November the number of shoots per pot was adjusted to four, and the
weakest shoots were removed. Three flushes were harvested during the ex-
periment, and after each flush the treatments were switched among the chambers.
After the first flush the cultivars Orange Unique and Miracle were removed
because of an excessively dense canopy in the chambers.

The plants were watered regularly with a complete nutrient solution as
previously described (Mortensen and Fjeld, 1998), and soil salinity was kept
between 2.0 and 3.0 mS cmÿ1, and pH about 5.5.

Rose shoots were harvested at the flowering stage, and shoot length and fresh
weight were recorded. After harvest the cut roses were placed in vases (five roses
per vase) containing tap water to which was added 90 ppm citric acid in order to
reduce bacterial growth. The vases were placed in a room at 37 � 5% RH
(corresponding to 1570 Pa vpd) and 21.0 � 0.58C to simulate indoor climatic
conditions. Light at a level of 15 mmol mÿ2 sÿ1 photon flux was given for 12 h
dayÿ1 by means of fluorescent lamps (Philips TL 33). The occurrence of bent
necks and leaf desiccation was recorded daily. Vase life was determined as time
until the rose lost its decorative value, that is, the development of bent necks or
natural senescence of the flower.

At the time of harvest the two lowermost five-leaflet leaves from five
rose shoots of each treatment and cultivar were detached, and the weight
loss was measured after 3 h under the same conditions as those during the test
of the vase life. The experiment was duplicated in both the first and second
flush.

The experiment was analysed as an air humidity � lighting period factorial
experiment using the SAS±GLM procedure (SAS Institute, Cary, USA). In the
analysis of yield and growth parameters (Table 1) and in the correlation analysis
(Table 4) cultivars were used as replicates, while shoots were used as replicates in
the analysis of vase life (Table 2).
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Table 1

Number of flowering rose shoots produced throughout three flushes, percentage shoots with bent necks or brittle leaves, shoot length, shoot fresh

weight, total fresh weight biomass (number of shoots � fresh weight) and percentage day of fresh leaf weight as means (�SD, n � 14) of all cultivars

grown at different air humidities and lighting periods (LP). Significance levels of main effects and interactions among RH, LP and cultivar (C) are given

18 h LP 24 h LP Significance level

75 83 91 75 83 91 RH LP C RH

� LP

RH

� C

LP

� C

Number of rose shoots 31.6 � 11.8 29.9 � 11.2 29.9 � 10.5 34.7 � 11.6 34.7 � 10.1 33.3 � 11.1 ns *** *** ns ns *

Shoots with bent

necks (%)

0 � 0 2 � 2 10 � 9 8 � 7 15 � 10 19 � 9 *** *** *** * ns **

Shoots with brittle

leaves (%)

3 � 3 8 � 4 14 � 9 15 � 10 21 � 10 24 � 9 *** *** *** ns ns **

Shoot length (cm) 56.3 � 8.0 56.0 � 6.4 53.1 � 7.3 55.7 � 8.0 56.9 � 8.3 55.8 � 8.4 * ns *** ns ns ns

Fresh weight (g) 23.5 � 4.4 23.2 � 3.6 20.5 � 3.9 24.1 � 4.4 24.2 � 4.3 21.9 � 4.0 *** * *** ns ns ns

Total fresh weight

biomass (g)

714 � 224 668 � 204 582 � 160 805 � 195 812 � 195 697 � 198 *** *** *** ns ns *

% leaf dry weight 20.8 � 1.3 20.8 � 1.4 21.4 � 1.5 22.8 � 2.0 22.4 � 1.9 21.9 � 1.4 ns *** *** ** ns ns

Significance levels here and in other tables: ns, not significant (p > 0.10); �, p < 0.10; *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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Table 2

The vase life of (day � SD) 14 rose cultivars grown at three air humidities and two lighting periods (LP). Total number of flowering shoots is given for

each cultivar (n). Note that the cultivars Orange Unique and Miracle only included one flush as compared to three flushes for the other cultivars

Cultivar n 18 h LP 24 h LP Significance level

75 83 91 75 83 91 RH LP RH � LP

First Red 116 11.7 � 1.6 10.4 � 1.5 9.3 � 2.1 10.5 � 1.5 7.8 � 2.5 4.7 � 2.1 * ns *

Amadeus 235 11.3 � 1.9 10.5 � 2.8 5.8 � 1.7 7.6 � 3.4 3.6 � 3.0 1.7 � 1.5 *** *** ***

Golden Gate 256 15.4 � 3.6 15.4 � 3.6 12.8 � 4.1 14.7 � 3.0 12.0 � 3.6 9.9 � 3.7 *** *** *

Baronesse 218 11.8 � 2.3 11.2 � 2.4 7.9 � 2.3 7.4 � 2.4 4.6 � 2.7 4.3 � 2.9 *** *** **

Dream 188 13.0 � 2.1 14.0 � 2.5 11.5 � 2.6 11.2 � 3.4 8.2 � 4.1 7.5 � 3.3 *** *** **

Sacha 252 12.8 � 2.4 11.5 � 3.1 8.2 � 2.8 9.0 � 3.6 5.0 � 3.3 4.5 � 3.0 *** *** **

Escimo 283 13.5 � 2.5 13.5 � 2.0 11.0 � 3.4 11.2 � 3.1 9.8 � 3.5 7.1 � 3.9 *** *** ns

Orange unique 81 9.9 � 2.6 7.5 � 1.9 2.5 � 2.1 5.2 � 2.1 1.3 � 1.1 1.7 � 1.2 *** *** ***

Miracle 83 9.9 � 1.7 8.1 � 2.4 4.3 � 2.4 5.6 � 2.1 4.2 � 2.8 1.8 � 1.4 *** *** ns

Colinda 197 12.9 � 3.4 11.6 � 3.6 6.7 � 2.3 8.6 � 3.1 4.7 � 3.1 3.0 � 2.0 *** *** *

Kardinal 165 11.6 � 2.9 9.5 � 3.2 10.0 � 3.2 9.7 � 4.1 7.9 � 3.3 4.4 � 3.5 *** *** *

Lambada 193 10.1 � 2.0 9.2 � 2.0 7.7 � 2.3 8.1 � 2.6 6.8 � 3.2 5.3 � 3.1 *** *** ns

Prophyta 214 15.0 � 4.2 11.7 � 3.8 7.1 � 3.0 8.4 � 4.8 7.2 � 4.2 4.4 � 2.7 ** *** *

Frisco 237 16.3 � 3.6 15.7 � 2.7 14.1 � 4.4 15.4 � 4.0 13.2 � 4.5 10.7 � 4.3 *** *** ns

Means 194 13.0 � 3.4 12.1 � 3.6 9.1 � 4.2 10.0 � 4.3 7.5 � 4.6 5.6 � 4.1 *** *** ***
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3. Results

The first flush was harvested 45±55 and the last flush (third) 135±160 days
after the start of the experiment, depending on the cultivar. The climatic con-
ditions had generally little effect on time until flowering (results not presented).

As a mean for all cultivars the number of flowering roses during the three
flushes increased by 12% when LP increased from 18 to 24 h while air humidity
had no significant effect (Table 1). A significant interaction between LP and
cultivar was found, but because of few plants used per cultivar the number
produced at the different treatments will not be taken into consideration at
cultivar level. As expected, the number of roses varied greatly among cultivars
(Table 2).

The shoot fresh weight decreased by 11% when air humidity increased from 83
to 91% RH, while an increase in LP enhanced shoot fresh weight by 5%
(Table 1). Total biomass was enhanced by 18% when LP was increased from 18
to 24 h.

Mean shoot length decreased by 2.0 cm when the RH increased from 83 to
91%, whereas LP had no significant effect on length (Table 1). The shoot length
was 45±50 cm in six cultivars (Dream, Sacha, Escimo, Lambada, Prophyta and
Frisco), 55±60 cm in six cultivars (First Red, Amadeus, Colinda, Golden Gate,
Baronesse and Kardinal), and 65±70 cm in two cultivars (Orange Unique and
Miracle) (results not presented).

Vase life was significantly affected by air humidity as well as LP (Table 2). As
a mean for all cultivars vase life was decreased by 7 and 30% at 18 h LP, and by
25 and 44% at 24 h LP, when air humidity was raised from 75 to 83 and 91% RH,
respectively. When air humidity was increased from 75 to 91% RH at 18 h LP the
vase life was relatively little influenced (<20%) in the cultivars Golden Gate,
Dream, Escimo, Kardinal and Frisco. At 24 h LP, however, vase life decreased by
>30% in all cultivars when air humidity was raised from the lowest to the highest
level. An increase in LP at 75% RH decreased vase life by 23% as a mean for all
cultivars. The vase life of the cultivars Golden Gate and Frisco was little affected
while that of Amadeus, Baronesse, Sacha, Orange Unique, Miracle, and Prophyta
decreased strongly (>30%) by increasing LP to 24 h at the lowest RH. When the
roses were grown at the 91% RH/24 h light combination, the vase life was less
than 5 days in nine of the 14 cultivars. Very short vase life was associated with the
development of bent necks and brittle leaves, which increased with increasing RH
and LP (Table 1). A higher percentage of the shoots developed brittle leaves as
opposed to bent necks.

Water loss (% of total water in the leaves) of the detached rose leaves after 3 h
at 18 h LP increased slightly from 75 to 83% RH, but increased strongly from 83
to 91% RH as a mean for all cultivars (Table 3). At 24 h LP a marked increase in
water loss had already taken place when the RH was increased from 75 to 83%.
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Table 3

Water loss (%) after three hours at room temperature of detached leaves of 14 rose cultivars grown at three air humidities (75, 83 and 91% RH) and two

lighting periods (18 and 24 h LP). Significance levels: Cultivar, ***; RH � LP, **; RH � cultivar, *; LP � cultivar, *; RH � LP � cultivar, ns. The

correlation (r) between vase life and water loss is given for each cultivar

Cultivar 18 h LP 24 h LP Significance level Correlation vase

life ± water loss

75 83 91 75 83 91 RH LP RH � LP

First Red 25 � 6 31 � 7 49 � 8 29 � 12 54 � 7 76 � 5 *** ** ns ÿ0.981 ***

Amadeus 32 � 5 36 � 2 60 � 11 50 � 6 56 � 8 74 � 3 ** ** ns ÿ0.959 **

Golden Gate 25 � 0 26 � 2 32 � 7 26 � 1 33 � 7 39 � 2 * � ns ÿ0.993 ***

Baronesse 29 � 1 30 � 8 49 � 6 39 � 0 45 � 2 59 � 3 ** ** ns ÿ0.872 *

Dream 27 � 2 26 � 2 45 � 9 28 � 1 40 � 2 51 � 6 ** * ns ÿ0.791�
Sacha 34 � 1 43 � 7 66 � 3 55 � 13 58 � 3 76 � 1 ** ** ns ÿ0.880 *

Escimo 31 � 1 35 � 1 52 � 9 43 � 0 56 � 5 61 � 2 ** ** ns ÿ0.942 **

Orange unique 39 � 4 57 � 32 76 � 3 47 � 3 89 � 2 80 � 3 * ns ns ÿ0.916 *

Miracle 27 � 2 26 � 5 37 � 2 26 � 2 38 � 4 54 � 1 *** ** * ÿ0.848 *

Colinda 31 � 7 42 � 8 65 � 1 63 � 25 67 � 4 81 � 3 * ** ns ÿ0.964 **

Kardinal 27 � 5 32 � 4 50 � 5 35 � 3 36 � 11 59 � 11 ** ns ns ÿ0.762�
Lambada 25 � 2 27 � 2 46 � 8 27 � 3 51 � 20 56 � 8 * � ns ÿ0.908 *

Prophyta 39 � 1 51 � 0 71 � 10 51 � 1 74 � 3 79 � 1 *** ** ns ÿ0.920 **

Frisco 28 � 1 30 � 3 31 � 6 26 � 4 33 � 4 46 � 5 * � * ÿ0.932 **

Means 30 � 5 35 � 12 52 � 15 39 � 14 52 � 17 64 � 14 *** *** ** ÿ0.741 ***
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Generally, water loss was highest from leaves originating from treatments that
gave a short vase life. In most cultivars there was therefore a significant and
highly negative correlation between water loss of detached leaves after 3 h and
the vase life of the same shoots (Table 3).

It was of interest to analyse whether there were any relationships between water
loss of detached leaves and the vase life of the different rose cultivars in specific
climatic conditions (Table 4). Analysis showed that there was no significant
correlation between water loss and vase life at the two lowest air humidities at
18 h LP, and at the lowest air humidity at 24 h LP. However, a significant negative
correlation was found at the other three climatic conditions. A negative
correlation was found between vase life and stem length of the different
cultivars, which means that vase life decreased with increasing stem length. A
significant, negative correlation with shoot fresh weight was also found, but there
was a close intercorrelation between stem length and fresh weight. No
relationship was found between vase life and the percentage leaf dry weight.

4. Discussion

Through the present results the substantial negative effect of high air humidity
and continuous light recently found in one rose cultivar has been validated for
several cultivars (Mortensen and Fjeld, 1998). This may have significant
implications for the control of greenhouse climate, which should be improved
with respect to air humidity in particular (Mortensen, 1997). The use of
supplementary lighting throughout the night in order to heat the greenhouse and/
or to obtain maximal yield is generally not recommended because of the negative
effect often found on keeping quality, even when the air humidity is kept low.

Table 4

Correlations (r) between vase life and percentage water loss of detached leaves after 3 h, shoot

length, shoot fresh weight, percentage leaf dry of fresh weight of 14 rose cultivars at different

combinations of air humidity and lighting period. The correlation between shoot length and fresh

weight including all treatments was 0.768 ***

Correlation between vase life and

Treatment Water loss (% ) Shoot length Fresh weight Dry weight (%)

18 h/75% RH ÿ0.023 ns ÿ0.533* ÿ0.324 ns ÿ0.209 ns

18 h/83% RH ÿ0.322 ns ÿ0.554* ÿ0.452 ns ÿ0.138 ns

18 h/91% RH ÿ0.649* ÿ0.589* ÿ0.506� 0.159 ns

24 h/75% RH ÿ0.406 ns ÿ0.401 ns ÿ0.262 ns 0.113 ns

24 h/83% RH ÿ0.623* ÿ0.619* ÿ0.503� ÿ0.113 ns

24 h/91% RH ÿ0.715** ÿ0.550* ÿ0.503� ÿ0.068 ns

All treatments ÿ0.741*** ÿ0.380*** ÿ0.229* ÿ0.163 ns
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Nevertheless, some cultivars can be lit continuously with only a small reduction
in vase life. We know from practical experience in Norway that the cv. Kardinal
maintains good keeping quality whereas cv. Sacha does not, when grown under
24 h LP at about 80% RH. This is in good agreement with the present results.
It was not unexpected that the yield significantly increased by elongation of
LP from 18 to 24 h, since it is well known that cut roses derive benefit from very
high photosynthetic photon fluxes (Bredmose, 1993; Mortensen and Gislerùd,
1994).

A short vase life could be related to excessive water loss from the rose leaves,
resulting in leaf desiccation and the development of bent necks (Mortensen and
Fjeld, 1998). In warm and dry indoor conditions (vpd of up to 2000 Pa is common
during winter in Scandinavia), the water uptake of roses apparently is often not
sufficient to compensate for leaf water loss. Of course, there are differences
among cultivars, and excessive water loss from leaves does not necessarily mean
that the rose will collapse because of lack of water. Probably, it will be more
difficult for long shoots with a large leaf area to compensate for the water loss
than short shoots with fewer leaves. This may be the reason why longer shoots in
the present study tended to have a shorter vase life than shorter shoots. It should
be stated here that differences in shoot length were related mainly to cultivar and
only to a small extent to air humidity.

Generally, a higher percentage of shoots developed brittle leaves than bent
necks. Rapid leaf desiccation and reduction in water consumption by the leaves
within 1±2 days may reduce the danger of water shortage to the flower, and the
development of bent necks might be avoided. It should be mentioned that the
climatic conditions during the test of vase life can have a marked effect on the
results. When shoots of cv. Souvenir were tested at 420 Pa vpd (80% RH), small
differences in vase life were found among roses grown at low and high humidity
levels (Mortensen, not published). However, when the roses were tested in more
normal indoor conditions of 1100±1600 Pa vpd, vase life was reduced from 13 to
2 days. This should illustrate the importance of testing conditions when detecting
differences in keeping quality of roses.

Raising air humidity and/or increasing the LP generally increased the rate of
water loss from the leaves. Apparently, the regulation of stomata was not
functioning when the leaves developed at the high humidity or long LP
(Mortensen and Fjeld, 1998). This has been shown with in vitro cultured rose
plants where the leaves develop at high air humidities (Ghashghaie et al., 1992;
Sallanon et al., 1993). Slootweg and van Meeteren (1991) found that stomata of
roses grown at a long photoperiod remained open in darkness, whereas those
grown at a short photoperiod closed almost immediately.

On the basis of the present results it can be concluded that considerable effort
should be put into keeping air humidity low (>400 Pa vpd) in the greenhouses in
order to reduce the risk of poor keeping quality of the roses. Concerning
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continuous lighting, this should be avoided if it is not documented that the
specific cultivars can tolerate it without any reduction in vase life.
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