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INTRODUCTION

Rhododendron calophytum Planch., commonly named large leaf Rhododendron or meili
Rhododendron is in the Ericaceae family, Rhododendron genera. It is an endemic
evergreen plant with beautiful flowers, found in high mountains at altitudes of 1,300 to
4,000 m in south-west China (Ran et al., 2010). This includes the Qinling Mountains,
where the species is beneficial for helping to maintain the stability of the ecosystem.
Rhododendron calophytum germplasm is endangered because of excessive excavation
activities. Additionally, few cultivars are cultivated and utilized in modern city landscape.

In order to protect R. calophytum from extinction, help maintain its diversity, and
utilization of its multiple-color landscape cultivars, it is necessary to develop propagation
systems for R. calophytum. Seed propagation can be used to protect germplasm and
enrich genetic diversity of the species (Zhang et al., 2010). More importantly, for wild
resources, seedlings of diverse populations are more easily adapted to new environments
than seedlings collected and transplanted from the mountains.

External factors such as light and temperature are known to affect seed germination.
Studies of how environmental factors affect seed germination in Rhododendron genus
have provided various results. Some species need higher temperatures to germinate
(Antonidaki-Giatromanolaki et al., 2008; Sajad et al., 2012; Fan et al., 2011). Conversely,
lower temperatures are favorable for germination of other species (Vologdina, 2006;
Zhang et al., 2007).

Phytohormones can be used for breaking seed dormancy. Germination requirements of
many Rhododendron species indicate that the seeds have a non-deep, simple,
morphophysiological dormancy, but gibberellic acid (GA3) application can increase seed
germination of selected Rhododendron species (Tiwari and Chauhan, 2007; Gao et al.,
2010; Su et al., 2011).

There are studies on R. calophytum using tissue culture (Luo et al., 2007), chemical
analysis (Tian et al., 2010) and cultivation management (Si et al., 2012), but few on seed
propagation.

The objective of the present study was to develop seed propagation systems for
germinating R. calophytum by manipulating photoperiod, temperature, and GAj3
treatments. Establishing standard germination procedures is important for conservation
strategies, including providing future breeding material of R. calophytum.

MATERIALS AND METHODS

Seed Source

Mature capsules of R. calophytum were harvested from Niu Beiliang district of Qinling
Mountain at the end of November in 2012. The capsules were air-dried at room
temperature until the seed released. Seed was collected, put into paper bags and
refrigerated at 4°C (39°F) until experimentation.

Experimental Design

The main treatment effects were: light, photoperiod, and GA3, each of which was treated
as a single factorial. There were three photoperiod treatments were 0, 16 light/8 dark, and
24 h light. The three temperatures treatments were 20, 30, and 20°C (16 h)/30°C (8 h).
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The six GAj treatments were 0, 200, 400, 600, 800, and 1,000 mg-L. Each treatment was
replicated three times with 100 seeds per replicate, n=3.

Seed Germination Tests

Germination tests were performed in incubators (Conviron A1000, Canada) with
automatic temperature and light control. Seeds were immersed in GAj; for 24 h, then
rinsed three times with deionized water and dried on filter paper. Finally, 100 seeds were
counted out and put inside 12-cm petri dish containing absorbent gauze and filter paper.
To control fungal contamination, seeds were periodically transferred to clean petri dishes,
and the absorbent gauze and filter paper were changed and moistened with new deionized
water every day. The germination dishes were randomly rearranged daily to avoid effects
of potential temperature and light differences and other factors. The germinated seeds
were recorded everyday for 6 d. Seeds were considered to have germinated as soon as
radicle emerged from seed coats. Germination performance was evaluated according to
germination percentage and germination vigor.

Statistical Analysis

Germination percentage and germinating vigor were calculated with the Excel software.

Germination percentage GP = (n/N) x 100% ,where n is the number of germinated seeds,
N is the number of seeds tested; germinating vigor (GV) is the germination percentage on

the 11™ day, final day of test run.

RESULTS AND DISCUSSION

Seeds Morphology Observation
Seeds were small and flat, with an oval or long oval shape. There were obvious vertical
stripes on the surface of seed and developed wings around the seed. The average length
and width was around 0.2 and 0.1 cm, respectively. The seed coat was brown and
weighed on average around 0.2 g.

Effect of Different Temperature on Germination of Rhododendron calophytum
Temperature was an important environmental factor affecting seed germination.
Temperature of 30°C for 24 or 16 h depressed germination, while the optimal temperature
(for control GAj treatment) was 20°C for 24 h (Fig. 1). Initial germination occurred after
Day 8, and peaked 5 or 6 days later (Fig. 1). The results showed that there was little
difference among the effects of the three temperature on the starting germination time and
germination speed. While seed germination of Cynanchum bungei (Zhang, 2012) and
Rhododendron delavayi (Duan et al., 2007) showed that the higher the temperature, the
earlier seeds began to germinate (Zhang, 2012). There were significant difference among
the effects of the three temperature regimes on germination percentage and vigor (Table
1). Both germination percentage and vigor were significantly highest at 20°C, and lowest
at 30°C is the lowest (Table 1). The optimal lower temperature response may be due to
this species being adapted to low temperatures, since wild populations of R. calophytum
are found in mountainous areas with heights of 1,300 to 4,000 m and cooler temperatures.
Our results are in agreement with seed germination of R. molle (Shi et al., 2010), but
contrast to R. irroratum (Fan et al., 2011); the later findings reported that germination
speed and germination vigor were best at 30°C. In our study, the germination vigor at
20°C was significantly greater than the higher temperature regimes, emphasizing the
importance of seed propagation and cultivation of this species under cooler conditions.

Effect of Different Light Time on Germination of Rhododendron calophytum

A 24-h light exposure delayed seed germination of all GA; treatments until after Day 8,
whereas seed exposed to 0 and 16-h light germinated by Day 8 (Fig. 2). At the end of the
13-day experimental runs, the final percent germination and germination vigor was
greatest at 0- and 16-h light exposure and lowest at 24-h light exposure (Table 1). While
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our results agree with Roberts (1973), they conflict with the benefits of light on
germination percentage and germination vigor of four other Rhododendron species that
require light for germination (Zhang, 2012).

Effect of Different Gibberellic Acid Concentration on Germination of Rhododendron
calophytum

Compared with the control, seeds treated with GA; had greater germination percentage
and germination Vlgor (Table 1, Fig. 1). Seed treated with GA; germinated after Day 8.
While 200 mg-L™" GA3z had greater germination percentage and vigor than the control, the
greatest benefit occurred with 400-1,000 mg-L GAj;. There were no s1gn1ﬁcant
differences among 400-1000 mg-L GAj;. Under the adverse conditions of 30°C for light
exposure of 24-h to 16-h, there was a trend in 800 mg-L™' GA3 having the greatest benefit
(Fig. 1). This suggests that a range of 400 to 800 mg-L"' GA; is beneficial for seed
germination.

The control did not germinate under darkness (0-h light) and also 24 h light; the
germination percentage of the control under 16-h light was also lower than that of the
seeds treated with GA; treatment (Fig. 2). Seeds of R. jiulongshanense and R. annae
treated with 200 mg-L™ GA; for 15 min had 1ncreased germination percentage and vigor
(Gao et al., 2010), whereas in our study 200 mg-L™' GA;was only marginally effective,
i.e., GA; treatments of 400-800 mg-L" were more effective.

This research demonstrated seed propagation is a valuable method for the reproduction
and conservation of R. calophytum. The high germination percentage obtained with this
protocol will facilitate the conservation and development of new cultivars of R.
calophytum germplasm.
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Table 1. Effect of temperature, light time, and gibberellic acid (GA3) concentration on
germination of Rhododendron calophytum.

Factors Germination  Germination Factors Germination ~ Germination
percentage vigor (%) vigor
(%) (%) (%)
Light (h) ok ok GA; (mg'L'l) ok ok
24 62.3a 52.0a 0 14.5a 9.1a
16 83.4b 76.5b 200 64.7b 58.6b
0 80.4b 76.8 b 400 729 ¢ 64.2 ¢
Temperature (°C) ok ok 600 74.5 ¢ 67.7 ¢
20 87.8 a 774 a 800 79.4 cd 74.7 cd
30 50b 430 1000 76.7 cd 70.0 cde
20/30 62.3 ¢ 52.0c¢

** Different letter has significant difference at 0.01 level.
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Fig. 1. Effect of six gibberellic acid (GAj) concentrations under three temperature
regimes on germination percentage of Rhododendron calophytum.
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Fig. 2. Effect of six gibberellic acid (GA3) concentrations and three photoperiod regimes
on germination percentage of Rhododendron calophytum.
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