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Abstract: Temperature is one of the main factors that affects the growth pattern of Gerbera hybrida, which
shows vast variation in morphology and stress adaptation among cultivars. However, little is known about
temperature responses of plant growth among different cultivars. In this study, four cultivars were planted in
different growth temperatures to investigate the effect of temperature on plant growth of Gerbera hybrida
during their vegetative growth. Results showed that the optimum growth temperature of the four cultivars was
20 8C, of which plant height, root length, biomass accumulation, leaf area, and photosynthetic rate were
enhanced significantly. Different cultivars showed diverse temperature adaptation ranges, which were related
with their genetic background, and the temperature adaptability of cultivar Autumn was the best among the
four cultivars. Temperature also had significant effects on photosynthetic rate, which was the main factor
shaping plant growth. Our research provides the basic guidance for the growth temperature control in the
cultivation of Gerbera hybrida.
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Introduction: Gerbera hybrida is one of the most important floricultural plants worldwide due to the high
variation of flower and inflorescence colors, which make it rank fourth in cut flowers after rose,
chrysanthemum, and tulip according to data from the International Trade Center (Wani et al., 2018). Around
the world, there are hundreds of Gerbera hybrida cultivars with extremely rich flower color patterns, including
white, yellow, red, pink, purple, and brown. This is because commercial varieties of Gerbera hybrida are
cultivated from the hybridization of two natural species: Gerbera jamesonii and Gerbera viridifolia (Hansen,
1999). For this highly heterozygous species, Gerbera hybrida naturally harbors the genetic diversity between
different cultivars, causing distinct requirements in terms of growth conditions, such as temperature, light,
moisture, and nutrients.

Temperature is a primary factor that affects plant growth, especially cell growth and elongation, and the
process of growth can be differentiated by their temperature response in many cases (Takeshi and Amane,
2009). The effect of temperature on plant growth and development differs in each species, which has a specific
temperature range (minimum, maximum, and optimum) during its life cycle (Hatfield and Prueger, 2015). For
instance, the optimum temperature for vegetative development is 37 °C and for reproductive development is
30 °C in cotton (Yuri et al., 2005), whereas in sorghum the optimum temperatures for vegetative and
reproductive development are 34 and 31 °C, respectively (Prasad et al., 2006). The changes of plant growth
temperature induce a range of morphological responses and alter- nations in biomass allocation, and such
changes lead to different temperature dependence of yields between species (Atkin et al., 2006). For example,
the life cycle and duration of reproductive development were shorter under increased temperature, resulting
in decreased grain yield in maize (Muchow et al., 1990); however, the biomass of rice increased with
temperature (from 8 to 33 °C), and the optimum temperature for grain formation and yield was 25 °C (Baker
etal., 1995). Overall, the effect of temperature on plant growth and the underlying growth indices are different
among species, and the mechanisms of growth temperature responses are still unclear.
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Nevertheless, growth responses to temperature are not well known in Gerbera hybrida, even though this
species has been used as an Asteraceae model plant for re- search on flower development and secondary
metabolism for decades. Indeed, the factors that determine the differences in temperature-related growth traits
between different cultivars are unclear. In this study, we aimed to characterize the different responses of plant
growth and photosynthesis to temperature changes among four cultivars of Gerbera hybrida. We cultivated
plant seedlings without soil using substrate (peat:perlite = 3:1) under four different temperature regimens: 15,
20, 25, and 30 °C. We investigated plant growth parameters to analyze the temperature responses of plant
growth, such as plant height, root length, aboveground weight, underground weight, and leaf area. The
temperature response of the photosynthetic rate was also examined in fully expanded young leaves of each
temperature regimen. The aim of this study was to provide scientific basis for the environmental control of
soilless cultivation in Gerbera hybrida.

Materials method: Plant material and growth conditions. Four commercial cultivars of Gerbera hybrida
(Autumn, Pretty Pink, Lucky, and Yellow Storm; Fig. 1) were studied in this research. ‘Lucky’ and ‘Yellow
Storm’ are the main cultivars in Yunnan Province, whereas cultivars Autumn and Pretty Pink are new varieties
that were bred according to the climatic conditions of Yunnan. The four cultivars refer different phenotypes
that adapted to low-latitude and high-altitude regions in Yunnan Province, China. Plant seedlings were
obtained from Yuxi Yunxing Biological Technology Co., Ltd. (Yunnan Province, China) and planted
separately in individual pots (diameter = 14 cm, height = 12 cm) that were filled with commercial potting
substrate (peat:perlite = 3:1). All seedlings were then cultivated in environ- mentally controlled growth
chambers under the condition of 12 h photoperiod (photosynthetic photon flux density was 240 mmol-m—2-s—
1) and 55% relative humidity in the laboratory of Yunnan Academy of Agricultural Sciences. The growth
chamber (LRH-400-GSl, 400 L; Zhujiang, China) was controlled by micro- computer PID, with +1 °C and
+8% control accuracy for temperature and humidity, re- spectively. The seedlings were treated with four
different temperature regimes: 15, 20, 25 and 30 °C, and each treatment used five individual seedlings as
repetitions.

Plant growth analysis. Plant growth analysis were carried out on the 60th day after planting. The parameters
of plant height, root length, aboveground weight, underground weight, leaf area, and photosynthetic rate were
measured in each treatment. Leaf area was determined by a leaf area meter (L1-3100C; LI-COR, Lincoln, NE).
Photosynthetic rate was measured by a fast-photosynthetic instrument (ECA-PC0401; Shanghai Danding In
ternational Trade Co., Ltd., China).

Statistical analysis. Data analysis and statistics were performed by Microsoft (Redmond, WA) Excel 2016 and
Data Pro- cessing System (Hangzhou Ruifeng Information Technology Co., Ltd., China) (Tang and Zhang,
2013). One-way analysis of variance with post hoc Tukey honestly significant difference test were used for
multiple samples mean comparison at the 5% significant level.

Result and discussion: Although Gerbera hybrida is mainly planted in modern greenhouses, and some of
them are even equipped with a heating system, growth temperature is still the major factor that is considered
by producers be- cause of low night temperature during Winter. In this study, we examined the temperature
responses of plant growth among four Gerbera hybrida cultivars, which showed large variations between
temperature treatments and cultivars. Generally, the optimum temperature for vegetative development of
Gerbera hybrida was 20 °C, of which seedling growth was the strongest and photosynthetic rate was the
greatest. However, different cultivars have their specific temperature limitation during vegetative
development. For instance, the cultivar Pretty Pink could not survive at

30 °C, showing poor heat tolerance, whereas the cultivar Lucky was unable to resist cold because the seedlings
were all dead at 15 °C. Only two cultivars examined in this study showed a wide range of temperature adapt-
ability, from 15 to 30 °C, which represents the climate condition in low-latitude and high-altitude regions in
Yunnan Province. These differences may be caused by the diversity of the genetic background of the four
cultivars, because each cultivar came from a different progress of hybrid breeding. A recent study of cold
tolerance in Gerbera hybrida showed that cultivar Hongjixing could tolerate the extreme cold temperature of
—4 °C and keep flowering even below 0 °C. The comparative transcriptome sequencing (RNA sequencing)
revealed several pathways involved in the process of cold tolerance of Gerbera hybrida, such as carbon
metabolism, nucleotide metabolism, secondary metabolism, transcription regulation, and stress defence
related responses (Li et al., 2018). This indicates that a complex genetic and gene regulatory network controls
the temperature resistance of Gerbera hybrida.
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Further, from the view of plant height, the optimum temperature for all cultivars examined was 20 °C, which
displayed a clear peak at that point. More specifically, the cultivars Autumn and Yellow Storm showed the
highest plant height at 20 °C compared with the other three temperatures, but no significant difference was
observed between the two species in each four-temperature treatment, whereas the plant height of cultivars
Pretty Pink and Lucky was significantly lower than that of cultivars Autumn and Yellow Storm. This is in line
with their temperature tolerance trends. On the other hand, the four cultivars displayed no difference at 15 and
20 °C in terms of root length, but significant differences were found at higher temperatures, indicating the root
length is less sensitive to temperature changes. Moreover, the aboveground weight and underground weight
of all cultivars gained the most at 20 °C, indicating 20 °C is the most suitable temperature for biomass
accumulation in Gerbera hybrida. Compared with other cultivars, the plant weight of cultivar Autumn was
less sensitive to temperature changes, whereas cultivar Yellow Storm showed a dramatic change in plant
weight, and cultivar Pretty Pink displayed the lowest biomass accumulation. Although no differences in plant
height and root length were found in cultivars Yellow Storm and Autumn, the biomass accumulation of
cultivar Yellow Storm was less efficient beyond the optimum temperature range. These data demonstrated
that the temperature adaptability of cultivar Autumn is better than that of cultivar Yellow Storm.

Compared with photosynthetic rate, leaf area of the four cultivars did not show much variation in each
temperature treatment, indicating temperature is not a key factor affecting leaf area among different cultivars.
However, the photosynthetic rate of Gerbera hybrida was largely affected by temperature in the four cultivars,
showing the lowest photosynthetic rate at 15 °C and highest at 20 °C. Surprisingly, 5 °C increments stimulated
more than 6-fold accumulation of photosynthetic rate, demonstrating temperature is the main factor
determining photosynthetic rate in Gerbera hybrida. The study of temperature response of photosynthesis in
transgenic rice showed that photo- synthetic rate was predominantly limited by Rubisco capacity from 15 to
20 °C (Makino and Sage, 2007). Consistent with this, several studies reported that Rubisco played a main role
in the regulation of photosynthetic rate in many plant species, such as rice, spinach, and cyanobacteria
(Fukayama et al., 2012; Kasai, 2010; Yamori et al., 2010; Zorz et al., 2015). Therefore, we speculate that the
temperature responses of photosynthesis in Gerbera hybrida also may be related to Rubisco capacity, which
needs further research for the principal factor limiting photosynthetic rate.

Our analysis revealed the responses of biomass accumulation, leaf area, and photo- synthetic rate of the four
cultivars to different temperature treatments, which showed the same trend with a peak at 20 °C. This pattern
suggests a regulatory relationship between biomass accumulation and leaf area or photosynthetic rate. To
explore this possibility, we next assessed the correlation between biomass and leaf area, as well as the
correlation between biomass and photosynthetic rate. Indeed, the regression analysis revealed a significant
correlation between biomass and leaf area (P = 0.0091), as well as the biomass and photosynthetic rate (P =
0.0272) (Fig. 4). This implies that the biomass accumulation of Gerbera hybrida is closely related to leaf area
and photosynthetic rate. Overall, our research on the temperature tolerance of different cultivars could provide
guidance for the production of Gerbera hybrida, but the molecular mechanisms underlying the tolerance still
need further research to pro- vide theoretical insights.
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