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Greenhouse heating requires considerable energy for nearly all greenhouse flower crops. The 
combination of high energy costs and strong competition has caused a number of flower growers 
to go out of business. Various approaches exist to attempt to deal with these problems, one of 
which is to find methods that can result in reduced energy usage as well as breeding cultivars 
that can be produced with less energy input. 
 
In cut flower rose production, night time heating has long been an area where growers have 
sought to find savings. In the various energy crises that have occurred in the past (1970's and 
1990's) growers set thermostats lower during the night to save energy. The result was a mix of 
negative issues with few positive highlights. Disease incidence, reduced rate of flower 
production, morphological problems (e.g. bull headed flowers) were among these. One positive 
thing that was noted was that some varieties seem to allow for lower night temperatures while 
some varieties are very intolerant to this.  
 
As a consequence of the past trials in this area, winter greenhouse environments for most cut 
roses are heated to 18°C. Some do gamble down to 16°C but already at this temperature there is 
a significantly greater incidence of disease and rose varieties that perform poorly. With rising 
fuel costs and the quest to minimize greenhouse gases emissions, it became imperative to 
critically re-evaluate both physiological and economical optimal minimal temperatures.  
 
Prior to the start of the project that is the subject of this report we had carried out a research 
project with the support of BARD which showed that the variety "Kardinal" showed that at 
various times during a shoots life, lower temperatures still resulted in high specific activity rates. 
While in general, low temperatures prolonged the time from bud break to flowering, most of the 
effect was concentrated during the time from visible bud to flowering. However, the temperature 
during the period from bud break to visible bud had only a minor effect (Shin et al., 2001). 
Marcelis van Acker (1995) showed that although time until bud break decreased with increasing 
temperature, the total number of leaves preceding the flower decreased with increasing 
temperature, which may lead to a decrease in flower quality.  
 
The temperature set-point used by the grower is determined by many interrelated environmental 
and physiological factors but is fundamentally driven by the desired growth rate of the plant. A 
plant's actual growth rate can generally be characterized as the mediation of its potential growth 
rate by the multitude of environmental factors to which it is exposed. While it is a relatively 
simple matter (albeit tedious) to quantify actual growth, predicting potential growth has been 
impossible in the past. Calorespirometry has been suggested as a method to characterize 
potential growth rate along with plant adaptation to various environmental conditions (Criddle et 
al., 1991a).  
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Calorespirometry is a technique where plant tissue is evaluated with regard to its heat generation. 
By measuring metabolic rates, it is possible to predict the effect of various factors such as 
temperature on the ability of the tested organ to accumulate biomass. In a previous study we 
showed different calorespirometric response patterns of growing organs of "Kardinal" rose 
flowers to temperatures. While growing leaflets had an optimum around 25°C, emerging buds 
had an optimum below 15°C (Raviv et al., 2001). 
 
This report focuses on a research project, carried out at two locations, where we sought to first 
screen a small set of varieties using calorimetry so as to identify physiological processes in 
various varieties which might have high physiological activity at lower-then-normal 
temperatures. The second phase involved testing a subset of the varieties to see if any of them 
lent themselves to modification of night-time heating strategies.  
 
The first of these phases was conducted by Michael Raviv in Israel at the labs of the Agricultural 
Research Organization at Newe Ya'ar. After the results from that study were analyzed, the 
second phase was conducted at the University of California at Davis.  
 
Materials and methods 
 
Plant material 
 
In addition to the cultivar Kardinal® (Kordes), that was tested previously, the following cultivars 
were used for the calorespirometric study: Golden Gate® (Kordes), Prophyta® (De Reuter), First 
Red® (NIRP) and Milva® (Tantau). While it was not possible to accommodate a variety from 
every breeder in this study, we did seek varieties that we could easily obtain and that local 
growers tended to have in production.  
 
In the first phase of the project 18 rose plantlets of each selected cultivar, grafted onto Rosa 
indica Major, were grown in 2-liter containers, filled with coconut coir. Using containers 
facilitated the transport of the plants to the laboratory in order to shorten the time between organ 
excision and start of the measurement. The plants were grown in a greenhouse at the Newe Ya'ar 
Research Center, ARO under temperature range of 17°C (at winter nights) to 28°C (at summer 
days). This range was maintained using heating system in the winter and fan and pad cooling in 
the summer. Relative humidity was controlled to be above 50%. The plants were treated as a 
commercial rose crop. Weak stems were pinched and bent down to maximize photosynthesizing 
area.  
 
Calorespirometric measurements (Israel) 
 
Calorespirometric measurements were conducted using differential scanning calorimeter Model 
CSC 4100 (Calorimetry Sciences Corporation, Provo, UT). Two units of this instrument exist in 
Newe Ya'ar, allowing for 6 replicates in each run. 
 
The calorimeters were operated in isothermal mode in the range 10-22°C for both rose buds and 
leaflets. Upper buds were sampled 4-5 days after cutting back the stems. The normal weight 
range was 1.5-4.0 mg DM. Leaflets of uniform size and developmental age (ca. 10 mm, 8-13 mg 
FM, 2.0-3.5 mg DM) were also sampled. Sampled plant material was analyzed seconds after 
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excision. The measurement itself lasted about 45 minutes while total processing time per run was 
about 3-4 hours. Each calorimeter has four removable ampoules, three of which are used for 
simultaneous measurements of rate of heat production with the remaining ampoule used as a 
reference. Fifty µl of water were dispensed into the ampoules and the leaflets' and buds' bases are 
inserted in the water. It was assumed that the RH within the ampoule reached close to saturation 
shortly after sealing the cap. The RCO2 is determined via the methods of Criddle et al. (1991b) 
and Fontana et al. (1990). RCO2 measurements are facilitated using the cover of a micro 
Eppendorf tube. Called a "base trap", these small containers are filled with 40 µl of 0.4 N NaOH 
and inserted into the ampoules to absorb carbon dioxide produced by respiring tissue samples. 
The heat of the exothermic reaction between carbon dioxide and sodium hydroxide forming 
carbonate is used to calorespirometrically estimate respiration rates. The carbon dioxide reaction 
heat rate divided by the change in enthalpy between the reaction of carbon dioxide with sodium 
hydroxide in the base trap (108.5 J/mol) is used to determine RCO2 (Hansen et al., 1994). 
Maintenance heat (q) released by the various organs is very uniform, thus 6-8 replicates are 
needed to estimate this parameter, with standard error of 2-8% of the average. RCO2, on the other 
hand, is much less uniform, so that about 12 replicates are required, in order to obtain a standard 
error of 10-25% of the average. 
 
Validation experiment (UCDavis) 
 
For the validation experiment, the cultivars Kardinal and Milva were selected based on the 
results of the calorespirometric analysis and since it was feasible to obtain fully-grown plants of 
these varieties. Eighteen plants of each cultivar were grown in a greenhouse in the Department of 
Plant Sciences, UC Davis, California, under standard conditions. The plants were installed on 
moveable carts in 12 liter containers filled with coir. After an adaptation period of 6 weeks, all 
plants were cut back on August 14, 2006 so as to synchronize their developmental stage as much 
as possible. The plants of each cultivar were divided into 9 pairs of apparently uniform plants. 
The plants were pruned again on October 26, 2006 (second flush) and on January 13, 2007 (third 
flush). Three to five uniform shoots per plant were tagged after every pruning and served for 
detailed measurements. All other flowering buds/stems were also harvested and recorded. Each 
day of the relevant growing stages, half of the plants were transferred to the cold night 
conditions in a darkened growth chamber at 14±1°C (between 5:30 pm and 8 am), while the 
control plants were left in the greenhouse where night temperature were kept around 18°C. 
Kardinal plants were moved to the cold night conditions immediately after cutting back and until 
visible bud emergence (5 mm) on most of the tagged shoots. This happened after 8, 10 and 10 
days in the first, second the third flush, respectively. From this stage on, and until harvest, the 
plants stayed in the greenhouse. 
 
All Milva plants were initially left in the greenhouse, until unfolding of the first leaflet of the 
majority of the newly developed shoots. At this point one plant of each pair was transferred each 
night into the cold storage, while its counterpart remained in the greenhouse during the night. 
This procedure was repeated until the stage of visible flower bud was reached in most of the 
tagged shoots. This occurred after 17, 13 and 14 days in the first, second and third flushes, 
respectively. From this stage on, and until harvest, the plants stayed in the greenhouse.  
 
The second flush was conducted during a period of very low light intensity, resulting in a 
relatively high percentage of blindness (aborted flower buds) in both cultivars. Supplementary 
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photosynthetic lighting was installed and operated during the daytime during the third flush to 
avoid this problem. 
 
Measured parameters 
 
Data loggers were installed on representative carts so that exact temperature trajectory for each 
treatment was recorded.  
 
The length of all tagged shoots was measured three times per week. At harvest, flower length, 
fresh and dry weight of all flowers was measured. Number of flowers per plant was calculated. 
   
Results 
 
Calorespirometric measurements  
 
 Calorespirometric response of emerging buds and growing leaflets of the cultivar Kardinal was 
previously presented (Raviv et al., 2001) so that those results are not presented here again. The 
response of the specific growth rate (RSG) showed considerable variation for the means at each 
of the temperatures for the cultivars measured during the course of this study (Figure 1 and 2). 
The temperature response curves for Golden Gate and Prophyta were similar to Kardinal in that 
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Figure 2:  RSG rates during bud breaking
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Figure 1. RSG rates during Leaf unfolding
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they had relatively low RSG values for unfolding leaflets (Fig 1) in relatively low temperatures 
while they had high RSG values of emerging buds (Fig 2). First Red and Milva, on the other 
hand, showed high RSG values for leaf unfolding at relatively low night temperature (Fig 1) 
while the respective values for bud emergence were low (Fig 2). Kardinal and Milva were 
selected as representatives of cultivars having different predicted responses (in contrast with 
conventional rose production) to low night temperatures during various stages of their growing 
cycle. Kardinal was selected for the fact that it has high specific activity in breaking buds at low 
temperatures; Milva was selected because of the high specific activity in leaf unfolding under 
low temperatures.  
 
The validation experiments explored whether this could be exploited through cold night 
temperature. 
 
Validation experiment  
 
Rose stem growth of tagged flowers of Kardinal and Milva cultivars followed a sigmoid pattern 
over the 66 days during which the flowers were tracked (Figure 3), terminating at harvest. Both 
the elongation rate and final flower stem length were not significantly affected by the cold night 
treatment for either cultivar.   
 
The main measured results of the 
harvested flowers are shown in 
Tables 1 and 2, for Kardinal and 
Milva, respectively. Again, it can 
be seen that the cold treatment had 
no detrimental effect on the 
biomass produced or on flowers' 
length except for Milva in the first 
flush.  
 
Flowers were also graded for stem 
length. The grading included 
general visual appearance, 
straightness of the stem and flower 
bud size, in addition to length. No 
difference was found between the 
treatments (data not shown).  
 
Discussion 
 
Calorespirometric measurements  
 
The RSG data showed considerable 
variation for each mean as reflected 
in the fairly large standard error 
bars (Fig 1 and 2) suggesting that these data are primarily useful for discerning patterns and 
trends rather than for particular values of the measured variables.  
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Table 1.  Flower count, biomass and stem length of Kardinal flowers, as affected by 
the cold treatment. (Different letters between Control and Cold Treatment indicate 
significant differences at P < 0.05 for each flush using HSD test.) 

Flower count Flower Biomass   
(number/plant) (g DM/plant) 

Average flower stem 
length (cm) 

Flush #1 
Control 6.2a 57.4a 54.4a 

Cold Treatment 6.6a 66.8a 59.4a 
Significance ns ns ns 

Flush #2 
Control 2.4a 17.2a 56.6a 
Cold Treatment 2.6a 18.4a 58.6a 

Significance ns ns ns 
Flush #3 

Control 3.1a 28.9a 56.2a 
Cold Treatment 4.8a 45.2a 56.9a 
Significance ns ns ns 
 
 
Table 2: Flower count, biomass and stem length of Milva flowers, as affected by the 
cold treatment. (Different letters between Control and Cold Treatment indicate 
significant differences at P < 0.05 for each flush using HSD test.) 

Flower count Flower Biomass 
  (number/plant) (g DM/plant) 

Average flower stem 
length (cm) 

Flush #1 
Control 8.7a 120.6a 61.6a 
Cold Treatment 9.1a 111.7a 53.8b 
Significance ns ns * 

Flush #2 
Control 2.4a 31.8a 68.9a 
Cold Treatment 2.1a 25.7a 66.6a 
Significance ns ns ns 

Flush #3 
Control 3.7a 57.4a 64.1a 
Cold Treatment 3.9a 61.4a 65.1a 
Significance ns ns ns 
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At the same time we focus on noting differences between RSGs for cool temperatures as a group 
(e.g. 10 - 14°C) versus night temperatures that are typically used in greenhouse production (16 - 
20°C).  In this regard, the patterns suggest that Golden Gate and Prophyta could be grown at low 
night temperatures during the bud break phase while First Red and Milva would not be good 
candidates for low night temperature during this period. In a previous study (Raviv et al., 2001) 
Kardinal also exhibited a pattern that suggested it might be feasible to use low night 
temperatures during this phase of growth. It should be noted that there is some variability in this 
pattern for Golden Gate with an RSG mean value of -5 at 14°C deviating from this pattern. We 
do not know the reason for this outlier, but because of it we chose not to use Golden Gate in the 
validation phase of the project. The cultivar Kardinal was chosen for this purpose as it was 
already on hand, while obtaining Prophyta plants proved difficult at the site of the test 
(UCDavis). 
 
For the leaf unfolding period there were also two cultivars that distinguished themselves as being 
candidates for the validation phase. First Red and Milva both showed high RSG mean values for 
the low temperature range, while Golden Gate and Prophyta did not. Milva was readily 
obtainable and was thus selected for the validation test. 
 
Validation experiment  
 
Lowering the greenhouse night temperature from the standard commercial level of 18°C to a 
relatively low level of 14°C during specific time windows, as predicted by the calorespirometric 
study, resulted with similar yields and essentially the same flower quality, except for one 
exception (Milva flower stem length, first flush). This exception may be related to the fact that 
Milva plants stayed in the cold storage for a longer period in the first flush (17 days vs. 13-14 in 
the second and third flushes). This fact emphasizes the need for clear definitions and close 
inspection of the developmental stage of the plants, required in order to apply the proposed 
approach (short-term night temperature reduction). 
 
Another interesting observation is related to the sharp decrease in flower number and biomass 
produced by the plants during the second flush (Tables 1 and 2). This is almost certainly due to 
the fact that the second flush was characterized by a period of very low light intensity, leading to 
a relatively high "blindness" percentage. It is interesting to note that no interaction between the 
sharp drop in light intensity and the effect of the cold treatment were found.  
  
In general, the validation experiment corroborated the hypothesis of this research, namely that 
predictions made on the basis of the calorespirometric study can serve for making operational 
decisions regarding greenhouse night temperatures. If further validated, this finding has at least 
two important implications: 1. Differential night temperature requirements of both existing and 
future rose cultivars can be predicted in a very short time and with much less expenses than the 
current procedure of greenhouse trials. 2. Breeders will be able to use this tool in order to 
identify genetic material of low temperature requirement and use it in their breeding programs. It 
can be envisaged that in the future it will be possible to extend this approach to other heat-
demanding greenhouse crops, thus leading to further energy savings.  
 
The results of this study bore out that microcalorimetry can be used to identify in rose plants 
various specific temperature effects of particular important tissues. We were able to show that 
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during the time when Kardinal roses initiate a new shoot (bud break) that in the days that follow, 
the plant can easily accommodate much lower temperatures without any harm to the plant.  It 
was the microcalorimetry work that identified this particular possibility and that it had potential 
to work on this particular variety. The same overall procedure was used to investigate whether 
any of our tested rose varieties might tolerate low night temperature during the leaf unfolding 
phase. Here too, microcalorimetry suggested a variety (Milva) for which we were able to show 
that it responded with no deleterious effects in production to a low night temperatures.   
 
One of our motivations in this research was to find methods to help rose growers reduce energy 
use in greenhouse winter heating conditions. Clearly, the ability to reduce temperatures at 
various stages can result in substantial energy savings. Our work showed that for Kardinal such a 
temperature reduction can occur during the night time for the days from bud break to the 
unfolding of the first leaf. For Milva, such a time for low night temperatures was found to be 
during the period when leaves are unfolding.  
 
In commercial rose greenhouses where several varieties are grown pinched for a particular 
holiday, dropping the temperature for a particular period of time can be feasible; but for crops 
with a wide distribution of harvest dates, such a treatment is only practical if it does not also 
cause too many negative effects for other stages of growth. We have not verified whether this is 
indeed a problem, but it is very likely since growers have long experimented with lowering night 
temperatures much more extensively than just a few days and this has always resulted in reduced 
production.   
 
Another facet that may contribute to lack of feasibility is the fact that in many commercial rose 
greenhouses a number of varieties are grown in any one greenhouse. Our research suggests that 
if such varieties are grouped by their response to the low night temperature episodes that we 
identified, then some periods of low night temperature can be used without harming the 
production process, especially in cases where a considerable number of stems are timed for a 
holiday (Valentines Day or Mothers Day). 
 
While we verified the findings from the microcalorimetry research with only two varieties 
(Kardinal and Milva), using low temperature night periods with some of the other varieties 
seemed to also be feasible based on the specific growth rate observed at various temperatures. 
The next stage would be to test this procedure on a wider range of rose varieties.  
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