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Abstract 

Rose (Rosa hybrida L.) is one of the most important specialty cut flowers 
produced. Characterization of physiological variability in photosynthetic effi-
ciencies, respiration rate and chlorophyll content is one of the greatest chal-
lenges in assessing rose net primary production of flowering, quality of cut 
flowers and other rose uses. Two modern rose varieties Floribunda and Hy-
brid Tea were used to optimize different methods for analysing physiological 
characteristics (photosynthesis rate, respiration rate and chlorophyll content). 
Many parameters were optimized, five different lights intensity were used 
(600, 900, 1200, 1500 and 2000 μmol∙m−2∙s−1) of which 1200 μmol∙m−2∙s−1 gave 
the highest photosynthesis rate. Five different measuring times were used (8 
am, 10 am, 12 pm, 2 pm and 4 pm) and 12 pm was shown to be the optimum 
time for measuring photosynthesis rate. Among two different weather condi-
tions (sunny day and cloudy day) sunny day was selected. For respiration rate 
two different measuring times (1 and 2 hours) after darkness were studied and 
1 hour was chosen. Among three different times (10 am, 12 pm and 2 pm) for 
measuring chlorophyll content, 12 pm was selected. Using these optimized 
variables will allow researchers to collect robust and reproducible results to be 
obtained from different studies, and in turn lead to improved yields of horti-
cultural plants. 
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1. Introduction 

Roses plants (Rosa hybrid L.) Hybrid Tea Rose cv. Mr. Lincoln and Floribunda 
Rose cv. Iceberg are two of the most important ornamental flowering shrubby 
and odorous plants [1]. These two rose varieties (Hybrid Tea and Floribunda) 
are considered as modern roses and are very popular in Australia. They are com-
mon cultivated for gardening, cut flowers and industry use [2] [3]. Particularly, 
Hybrid Tea rose was the crossing between European and Chinese roses, while 
Floribunda is the result of crossing hybrid tea with Polyantha [4] [5]. Temperate 
zones of the northern hemisphere and Asia are where the majority of Rosa spe-
cies are found [6]. Roses as commercial crops and are distributed worldwide. 
There are several natural environmental factors which affect the physiological 
parameters and production of rose flowers, but few systematic studies have been 
done on this aspect for rose production. A recent study by [7] on Hybrid Tea 
and Floribunda roses to optimize methods to analyze volatiles organic compounds 
was used. There are many physiological parameters which affect rose plant pro-
duction (shoot-bending, leaves and cut flowers) such as rates of photosynthesis, 
transpiration, and respiration, together with stomatal conductance and stem water 
potential. 

Photosynthesis is an important process in all plants, and especially for rose 
growers to improve the quality of cut flowers and whole rose plants, also for leaf 
area [8]. Leaf distribution pattern, and the amount of light all affect the photo-
synthesis rate rose plants [9] [10]. Some physiological and morphological changes 
occur under different light intensities leading to different growth responses [11]. 
A study by [12] showed that high quality cut flowers could be achieved by in-
creased light intensity and photosynthesis rates. Moreover, a photosynthesis rate 
at 1500 µmol∙mol−1 light intensity increased the production of cut flowers [13]. 
Few studies have examined the effect of different light intensities on photosyn-
thesis rate of rose plants, and there is no research on the optimization of light 
intensity, sampling time and weather condition on photosynthesis. Therefore, the 
optimization of these different photosynthesis parameters is important in order to 
optimize the health of rose plants and the production of flowers. 

In addition to photosynthesis, respiration is another important process which 
effects the growth, development and production of rose plants [7]. Leaf dark 
respiration is among the most fundamental of plant physiological processes and 
plays a major role in the carbon cycle at a leaf and global scale [14]. Respiration 
rate is negatively correlated with tissue longevity in pre- and post-harvest plant 
physiology [15]. Furthermore, low respiration rate has been related to increased 
flower longevity in floriculture plants, for example, respiration rates have been 
related to the longevity of potted flowering chrysanthemum [16]. Respiration 
rate and chlorophyll content in rose leaves (Rosa hybrid) increased when the 
temperature and photosynthesis rate were high [17]. Likewise, [18] showed that 
high temperature increased respiration rate as well photosynthesis rate at 35˚C 
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which was measured under CO2 level on rose plants (Rosa hybrid). There is a 
relationship between the photosynthesis rate and chlorophyll content as plants 
tend to respond to ambient light by adjusting their chlorophyll content and com-
position [11]. Studying chlorophyll content in rose leaves showed rapid and high 
dynamical acclimation of leaves to the changing light, which in turn influenced 
photosynthesis and other physiological processes [19]. A study on marigold plants 
demonstrated that the chlorophyll content was high at mid-day with the applica-
tion of growth regulators giving a high chlorophyll content as well as photosyn-
thetic pigments [20]. A study by [21], reported that when trees leaves were ex-
posed to low light they had lower chlorophyll content than those exposed to the 
high light. 

The objectives of this study were to optimize: 1) light intensity, sampling time 
and weather conditions in rose plants for maximum photosynthesis; and 2) dif-
ferent measurement times for optimal respiration rate and chlorophyll content. 

2. Materials and Methods 
2.1. Plant Material and Maintenance 

This research was conducted at Murdoch University, Western Australia in an 
evaporatively cooled glasshouse under a natural photoperiod and temperatures 
maintained between 18˚C ± 2˚C to 25˚C ± 2˚C during night and day, respec-
tively, whilst the humidity was maintained at 60% ± 2% and 75% ± 2% day and 
night, respectively. Two rose cultivars (Hybrid Tea cv. Mr Lincoln) and (Flori-
bunda cv. Iceberg) at flowering stage were used and these were purchased from 
Dawson’s Garden World nursery (Perth, Western Australia). These were imme-
diately transferred to free-draining plastic pots 24 × 24 cm (diameter × height) 
in a 2:2:1 potting mix (2 parts composted pine bark, 2 parts course river sand 
and 1-part coco peat) purchased from W. A. Richgro Perth, Western Australia. 
There were 36 two-year-old rose plants in total. The plants were watered ma-
nually daily to container capacity. The rose pots were arranged in a factorial com-
plete randomized design with two rose cultivars, three physiological characteris-
tics (photosynthesis, respiration and chlorophyll contents) and three replicates 
plants for each treatment. 

2.2. Photosynthesis Measurements 

A photosynthesis system (ADC; BioScientific, LCpro+, UK, serial number 32125) 
with a red/blue LED light source (LCpro+) mounted onto a 6-cm2 clamp-on leaf 
chamber was used to determine photosynthesis rate under various light intensi-
ties. Three fully expanded and developed leaflets for each plant (developed be-
tween September and November 2016) were used. The instrument programme 
was configured to detect the sum of three readings which was then averaged. 
Five levels of light intensity (600, 900, 1200, 1500 and 2000 μmol∙m−2∙s−1) were 
used. In total, 108 leaflets were investigated for both rose varieties. Also, five dif-
ferent times were optimized (8 am, 10 am, 12 pm, 2 pm and 4 pm) to determine 
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the optimum time for measuring photosynthesis during the day. In addition, 
measurements were taken on three sunny days and three cloudy days. 

2.3. Respiration Measurements 

The respiration rate measurements were determined with an ADC (BioScientif-
ic, UK, serial number 32125) using a 6 cm2 area of a leaf that had been dark 
adapted for 1 and 2 hours. Measurements after 1 and 2 hours of dark acclima-
tion were recorded following a low intensity pulse. Each measurement was rep-
licated three times. 

2.4. Chlorophyll Measurements 

Chlorophyll content was determined with a CCM-200 plus, Chlorophyll Content 
Meter (serial number NH 03051, Opti-Sciences, USA). Three different times (10 
am, 12 pm and 2 pm) were studied for measuring chlorophyll content from two 
rose varieties. Fully expanded, healthy leaflets replicated three times were used 
for each rose and time combination. 

2.5. Statistical Analyses 

All physiological parameters were analysed by using Statistical Analysis Software 
(SAS®) University edition, and the results were presented by analysis of variance 
(ANOVA). Least Significant Difference (LSD) was used and the level of statistic-
al significance was P ≤ 0.05. 

3. Results and Discussion 
3.1. Optimization of Light Intensity for Maximum Photosynthesis 

The total photosynthesis rate increased from 600 to 1200 μmol∙m−2∙s−1, but there 
after decreased at 1500 and 2000 μmol∙m−2∙s−1 for both rose varieties. Conse-
quently, 1200 μmol∙m−2∙s−1 was selected as the optimum light intensity for pho-
tosynthesis measurements Figure 1. In contrast, the study by [13] on rose plants 
(Rosa hybrid L.) showed maximum photosynthesis rate 1500 µmol∙mol−1 and 
this led to an increase in cut flowers production. Many studies have shown how 
environmental factors affect physiological processes in plants, such as temperature, 
light intensity, CO2 concentration and photosynthesis process [22]. An optimum 
light intensity leads to increased rose cut flower production and this is generally 
ascribed to an increased source of carbohydrates [23]. In another study, the max-
imum photosynthesis rate was reached at a light intensity of 750 μmol∙m−2∙s−1 in 
rose plants (Rosa rugosa) [24]. Furthermore, [25] indicated that using a light in-
tensity of 180.7 μmol∙m−2∙s−1 significantly increased the photosynthesis rate and 
production of cut flowers for rose plants. 

3.2. Analysis of Photosynthesis with Five Sampling Times 

There were significant differences between the five sampling times and the sam-
pling time at 12 pm was selected because the highest photosynthesis rate was  
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Figure 1. Evolution of photosynthesis rate with exposure to different light intensity of 
two rose varieties (error bars were LSD at P ≤ 0.05). 
 
recorded at this time compare to the times at P value of 0.05 Figure 2. The pho-
tosynthesis rate increased from 8 am to 12 pm and then it decreased with 2 pm 
and 4 pm Figure 2. Photosynthesis decreases as light intensity decreases, and 
increases significantly high light intensities for rose plants (Rosa hybrida “Ha-
ban”) [10]. Similar observations were made by [20] on marigold plants, where 
increases in showed that light intensity increased photosynthesis, and for rose 
plants [26]. A decrease in light level below the optimum level will lead to re-
duced photosynthesis and in turn yield reduction in roses [27]. 

3.3. Effect of Weather Conditions on Photosynthesis Rate 

There were significant differences in photosynthesis between sunny and cloudy 
days, with sunny days were chosen Figure 3 for subsequent measurements. This 
is because sunny days have high levels of light intensity leading to increased pho-
tosynthesis rates. Similar observations have been made in vines exposed to sunny 
days compared to the cloudy days [28], for Maple trees [29], and for two Populus 
clones plants [30]. To date, no research has been conducted on rose plants and 
optimum photosynthesis rates between sunny and cloudy days. 

3.4. Analysis of Respiration with Two Sampling Times 

The amount of the respiration rate did not differ significantly between the two 
sampling times at 1 and 2 hours after sunset Figure 4. Therefore, 1 h was se-
lected for subsequent studies. A study on rose plants (Rosa hybrida) by [31] in-
dicated that gas exchange (respiration rate) increased with fully expanded, 
young and sunlit leaves. Whilst [32] indicated that rose plants (Rosa hybrid L.) 
exposed to long photoperiods will be photosynthetically more active and in turn  
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Figure 2. The effect of different sampling times on photosynthesis rate during different 
periods of the day for both rose varieties (error bars were LSD at P ≤ 0.05). 
 

 
Figure 3. Response of photosynthesis rate to changing weather conditions for two rose 
varieties (error bars were LSD at P ≤ 0.05). 
 
will have increased respiration rates. In contrast, [33] indicated that increasing 
light intensity (the photonic substrate) inhibited respiration in algae. Further-
more, respiration rate in tobacco leaves was inhibited by light, while exposure to 
darkness after a period of light also result in an increased of release of CO2 ex-
change and increased respiration rate [34]. Whilst [35] demonstrated that the 
dark respiration rate increased with increasing leaf area, as demonstrated by the 
CO2 levels released from plant leaves. Similarly, dark respiration rate increased  
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Figure 4. Effect of sampling times on dark respiration rate of leaves of both rose varieties 
(error bars were LSD at P ≤ 0.05). 
 
with fully expanded white poplar leaves during respiration measurements [36]. 
To date, no work has been done on optimizing the sampling times for measuring 
dark respiration rate in rose plants. 

3.5. Effect of Different Sampling Times on Chlorophyll Content 

Three sampling times (10 am, 12 pm and 2 pm) were used to measure the chlo-
rophyll content, and 12 pm was determined as the best time since it gave a high 
level of chlorophyll content Figure 5. The chlorophyll content increased signifi-
cantly from 10 am to 12 pm and then decreased by 2 pm. Many factors affect 
chlorophyll content in leaves, these include light, weather conditions and leaf 
area. In rose plants (Rosa hybrida cv. Habari), total chlorophyll content de-
creased with low light exposure, shade or cloudy day and with small leaves areas, 
and in turn increased with high light levels and with increasing leaf area [10]. 
Furthermore, [37] indicated that chlorophyll content increased with light inten-
sity at 1500 μmol∙m−2∙s−1 during daylight and with fully intact leaves of Satureja 
khuzestanica plants. Whilst [17] reported that using 700 μmol∙mol−1 light inten-
sity on rose plants (Rosa hybrida cv. First red and Twing) increased chlorophyll 
content. Moreover, [24] showed that increasing light intensity and sun light in-
creased the chlorophyll content for rose plants (Rosa rugosa). Recently, [20] 
showed that chlorophyll content increased with increasing the light on marigold 
plants, and for Ficus banjamina L. [38]. 

4. Conclusion 

In conclusion, this study showed that light intensity of 1200 μmol∙m−2∙s−1 gave 
the most efficient photosynthesis rates in Hybrid Tea and Floribunda roses. Whilst,  
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Figure 5. Analysis of different sampling times on chlorophyll content of leaves of both 
rose varieties (error bars were LSD at P ≤ 0.05). 
 
12 pm was the optimal sampling time for high level of photosynthesis in both 
rose varieties, and sunny days were much better than cloudy days obtaining high 
rates of photosynthesis. For respiration rate, 1 hour after darkness was determined 
to be suitable for measuring dark respiration. Finally, the optimum chlorophyll 
content in both rose varieties was obtained at 12 pm. It is recommended that 
future studies use these optimized parameters in order to obtain robust and re-
producible results. 
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