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Table 1

Information of the introduced species in Xishuangbanna Tropical Botanical Garden (43 species from 20 families)

Family Species Origins Family Species Origins
Anacardiaceae Dracontomelon duperreanum Asia Lythraceae Lagestroemia indica Asia
Annonaceae Cananga odorata Asia Meliaceae Trichilia americana America
Bignoniaceae Kigelia pinnata America Mimosaceae Pithecellobium dulce America
Bignoniaceae Kigelia africane Africa Mimosaceae Albizia chevalieri Africa
Bignoniaceae Spathodea nilotica America Mimosaceae Eberhardtia cyclocarpum America
Bignoniaceae Jacaranda mimosifolia Asia Myrtaceae Melaleuca leucadedron Asia
Caesalpiniaceae Bauhinia monandra Africa Myrtaceae Eugenia uniflora Asia
Caesalpiniaceae Bauhinia variegate Asia Papilionaceae Dalbergia hainanensis Asia
Caesalpiniaceae Bauhinia tomentosa Africa Papilionaceae Erythrina indica America
Caesalpiniaceae Bauhinia tomentosa Africa Papilionaceae Erythrina senegalensis Africa
Caesalpiniaceae Cassia fistula Asia Papilionaceae Gliridia sepium Africa
Caesalpiniaceae Cassia fistula Asia Papilionaceae Pterocanrpus indica Asia
Caesalpiniaceae Peltophorum pterocarpum America Papilionaceae Phyllocarpus septentrionalis America
Combretaceae Terminalia chebula Asia Papilionaceae Centrolobium ochroxylum America
Combretaceae Terminalia muelleri America Proteaceae Macadamia ternifolia Asia
Combretaceae Terminalia arjuna America Samydaceae Homalium hainanensis Asia
Combretaceae Terminalia tomentasa America Sapindacea Sapindus trifoliatus America
Combretaceae Terminalia myriocarpa Asia Sterculiaceae Sterculia foetida America
Dipterocarpaceae Dipterocarpus retusus Asia Sterculiaceae Guazuma tornentosa America
Euphorbiaceae Garcia nutans America Ulmaceae Holoptelea integrifolia America
Flacourtiaceae Oncoba spinosa Africa Verbenaceae Clerodendrum japonicum Asia
Lythraceae Lagestroemia tomentosa Asia
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Figure 1 Dynamics of monthly mean minimum temperature
and extreme minimum temperature in year 1959-2009

The arrowheads point to the lowest spots both in 1974.
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Figure 2 Deviations of monthly mean minimum temperature
between 1973/1974 and the regular years (A), and its
monthly variation extent (B)

Box indicated the period mainly concerned, which is in the
end of 1973 and the onset of 1974; The former 1-12 in the
Month-axis are in 1973 and the latter ones are in 1974.
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Figure 3 Deviation levels for the phenophases in 1974 compared with the regular years

(A)—(C) Leaf flushing; (D)—(F) Flowering. Figures (A) and (D) for the beginning dates; Figures (B) and (E) for the ending dates;
Figures (C) and (F) for the sustaining days. The negative indicates the advanced days, and the positive indicates the delayed
ones. N: Percentage of the species with no significant shift in the dates of phenology in 1974 (represented with diagonal bars,
insignificant at the level of P < 0.05); NF: Percentage of the species with no flowers in 1974.
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Figure 5 Seasonal variation patterns of leaf flushing in 1974
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Figure 6 Linear regressions between seasonal variation
pattern of leaf flushing and monthly mean minimum tem-
perature

(A) In year 1974; (B) The regular year. * R?is significantly
different at P < 0.01.
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Table 2 Annual mean temperature of the origins of the main introduced species

Asia Africa America
Xishuangbanna China Ghana Mali Cuba
(Hainan) (Tamale) (Bamako) (La Habana)
Temperature (°C) 21.8 241 28.0 27.8 25.2

SRR T E RSB R JL 2R 25 M (http://cde.cma.gov.cn/index.jsp)
Temperature data are from the China Meteorological Data Sharing Service System (http://cdc.cma.gov.cn/index.jsp)
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Spring Phenology of Introduced Species in Response to Extreme
Chilliness in Xishuangbanna Tropical Botanical Garden
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" Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences,
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Abstract Temperature is widely considered to be one of the most important factors affecting the spring phenophases,
such as leaf flushing and flowering. However, different viewpoints still exist as to the effect of the low temperature.
Xishuangbanna (in China), which is located in the northern part of the tropics, has a lower temperature than the equatorial
tropical regions. Since 1959, the Xishuangbanna Tropical Botanical Garden (XTBG) has introduced more than 40 000
tropical plant species for conservation from all over the world. The low temperature of the garden is a key factor signifi-
cantly affecting the growth of these plants. The extreme chilliness that occurred in 1974 was a threat to the plants and also
a test of their cold resistance. In this study, we compared the spring phenology (leaf flushing and flowering) of 43 intro-
duced plants in 1974 with that of plants in other years and evaluated their cold resistance by different origins (Asian trop-
ics, American tropics and African tropics). In total, 81% of the plants showed advanced leaf flushing because of both the
extreme chilliness and the rapid temperature rebound afterwards. The chilliness also caused non-flowering in 35% of the
plants. Successful flushing after chilliness represents a good vegetative cold resistance for all the species; however, the
progenitive phenophase was more adversely affected by the chilliness. According to the performance of their spring
phenology, species from Asian tropics showed the best cold resistance with the highest species percentage of flowering
(83%) and the fewest shifts in phenotypic durations after the chilliness. Species from the American tropics were next
highest in flowering and phenotypic durations, then African species. Hence, species from the Asian tropics should be
considered first for ex situ conservation in Xishuangbanna, and African species must be carefully introduced.

Key words extreme chilliness, flowering, introduced species, leaf flushing, Xishuangbanna Tropical Botanical Garden
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