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Abstract

Ornamental shrubs significantly enhance the service efficiency of green space ecosystems and the quality of human settlements
through their multi-dimensional ecological functions (e.g., microclimate regulation, air pollutant adsorption, biodiversity habitat
provision, and soil-water conservation) and landscape aesthetic benefits. However, under the influence of global warming and
accelerated urbanization, the flowering phenology of ornamental shrubs has shown advances, delays, or disruptions, directly
threatening the stability of urban landscape ecosystems. Although Southwest China possesses abundant ornamental shrub spe-
cies, systematic research on their phenological traits and responses to climatic factors remains lacking, resulting in a lack of
scientific basis for urban greening configuration strategies and climate-adaptive management. Therefore, this study investigated
201 cultivated ornamental shrub species in Chengdu Botanical Garden, systematically collecting data on species composition,
flowering phenological traits (including initial flowering date, end flowering date, and flowering duration), and microclimatic
variables (temperature, solar radiation, and humidity). Pearson correlation and multiple regression analyses were employed to
explore the relationships between flowering traits and environmental factors, identifying key influencing variables. The results
revealed substantial diversity in flowering phenology. The initial flowering dates (expressed as day of year, DOY) ranged from
20 to 194, while the end flowering dates spanned 62 to 363. Notably, species from Hamamelidaceae and Malvaceae represented
the earliest- and latest-flowering groups, respectively. The shortest mean flowering duration (11 days) was observed in Aquifoli-
aceae, whereas Verbenaceae exhibited the longest (284 days). The first flowering peak occurred in late April (DOY 110 ~ 120),
followed by a secondary peak 10 days later. The highest daily flowering richness (37.81% of shrubs in bloom) was recorded on
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DOY 111 (April 20). Correlation analysis indicated that sunlight duration and temperature were the dominant environmental

drivers of flowering variation. Specifically, daily flowering richness showed a significant positive correlation (p << 0.05) with

direct sunlight hours, mean daily temperature, and diurnal temperature range, but a negative correlation (p < 0.05) with diffuse

sunlight hours. In conclusion, this study provides a scientific basis for species selection, breeding, and adaptive management of

urban ornamental shrubs, while contributing to the understanding of plant phenological responses under climate change.
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Fig. 1 Species composition of flowering shrubs in the botanical garden
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Tab. 1 Basic information of 201 flowering shrubs

Fs & i
No. Species Family
FBEA (Rhaphiolepis indica), Ab3&#3 (Malus ‘American’) . £7## (Photinia serratifolia) . EkfEA 14 (Photinia glomerata) . 57 (Rosa
chinensis) . ¥3#1# % (Rosa multiflora var. cathayensis) . £ZL$4#% (Stranvaesia davidiana) . £5£%%5 (Spiraea salicifolia) . ¥3{E55£555
1 ] (Spiraea japonica) . #iJeky{E45£5:%5 (Spiraea japonica var. acuminata) . FkH-254%5% (Spiraea cantoniensis) . 22k2525:%5 (Spiraea
i thunbergii) . 1452 % (Spiraea chinensi) . ¥yH-#j¥- (Cotoneaster glaucophyllus) . J:iH-#ij-~ (Cotoneaster glabratus) . #h7EA% Kk
(Prunus campanulata) . % (Kerria japonica) . 25H-Zs (Prunus cerasifera ‘Atropurpurea’) . ki (Pyracantha fortuneana) . s
3 (Chaenomeles speciosa)
/)N (Ligustrum sinense) . /H-Zz i1 (Ligustrum quihoui) . 4x7% 22 it (Ligustrum japonicum ‘Howardii’) | #4li )Nk (Ligustrum sin-
2 AMEFEL  ense var. variegatum) | 30 F AL (Jasminum nudiflorum) . £ #ij (Jasminum sambac) . |47 # (Syringa oblata ‘Alba’) . T # (Syringa
oblata) . E#l (Fontanesia philliraeoides var. fortunei) . #£% (Chrysojasminum floridum) . 4514t (Forsythia viridissima)
5% (Viburnum tinus) | 4M-3€53% (Viburnum rhytidophyllum) | 48 F3%5% (Viburnum brachybotryum) | fii1113€3% (Viburnum
hengshanicum) | ¥ Ek3€5% (Viburnum suspensum) . & 3€ 5% (Viburnum chingii) . %5 % 3€3% (Viburnum brevitubum) | B 4% 5% 5%
(Viburnum luzonicum) . #%M-3% 3% (Viburnum cinnamomifolium) . 4% {5 £1 3% 3% (Viburnum erubescens) ., % bk 3% 3% (Viburnum
tengyuehense) . 744225 €% (Viburnum setigerum) . fiiiBH>E5% (Viburnum hengshanicum) | 4L (Viburnum keteleeri) | B3 (Vi-
3 ] burnum hanceanum) . JB1E3%5% (Viburnum glomeratum) | X 453€53% (Viburnum opulus subsp. Calvescens) . BfE3%5% (Viburnum
hanceanum) . B5BE5% (Viburnum punctatum) . ‘B ESE5% (Viburnum erosum) | BpE5% (Viburnum schensianum) | S Ek (Viburnum
plicatum) . 5% (Viburnum dilatatum) . 7KL (Viburnum cylindricum) . & J:325% (Viburnum leiocarpum) . & 4 3£5% (Viburnum
taitoense) . BR#HFE3 (Viburnum opulus) | 4xf#fiLL1z5% (Viburnum chinshanense) . fH4 35 (Viburnum utile) | #idL¢3% (Viburnum
betulifolium) . Z53%€5% (Viburnum setigerum) . w577 3¢3% (Viburnum fordiae) | #fH-33% (Viburnum betulifolium) | =M-3€3% (Viburnum
ternatum) . IR (Viburnum odoratissimu) . B4 i€ (Viburnum chunii) | 284 (Sambucus williamsii)
ZHH-#y+PE (Calliandra brevipes) | 44 JL (Cytisus scoparius) . “5f##8 (Amorpha fruticosa) . #fE: - (Lespedeza bicolor) . #5E#
4 R (Sophora prazeri) . X 3% B (Senna bicapsularis) . 4576 (Cercis chinensis) . £ A5 (Indigofera kirilowii) . %=/ 4 (Campy-
lotropis polyantha)
5 FEEH MrH-455k (Hydrangea quercifolia) . 55k (Hydrangea macrophylla) . “#1L| (Dichroa febrifuga) . ¥¥2 ¥k i (Deutzia scabra) | 7
” i (Deutzia ningpoensis) . {15 (Deutzia scabra) . KM% & (Deutzia longifolia) . JI[{# 5 (Deutzia scabra)
5 R WY (Rotheca myricoides) |, SCEAEZSE (Plectranthus ecklonii) . BEAEALFR (Vitex agnus-castus) . 413 (Vitex negundo var. cannab-
7 ifolia) . #HIT{E (Callicarpa pedunculata) . #£45%% (Callicarpa cathayana) . 54tF}+ (Clerodendrum bungei)
7 R AL (Justicia carnea) |, FEWE 1L (Justicia adhatoda) . F4~LLil% (Strobilanthes japonica) . %ML i% (Strobilanthes anisophyllus) | &
: 1L%E (Eranthemum pulchellum)
8 S A (Cestrum nocturnum) , 257 7544 (Cestrum nocturnum) | &E K #i (Brunfelsia brasiliensis) . Kb A2 % (Brugmansia
suaveolens) . WL (Lycianthes rantonnetii) . S528H-5 3% (Solanum laxum) | #1515 (Solanum pseudocapsicum)
9 St PHTEFCHL (Adenium obesum) | Fi4FfE (Tabernaemontana divaricata) . J77#k (Nerium oleander) . %35k (Rauvolfia verticillata) .
R (Allamanda schottii)
10 FERSIER W41 (Rhododendron simsii) . k[F4EfS (Rhododendron decorum) . £ (Rhododendron molle) . £T%E#} (Enkianthus chinensis) . &
IH-8A% (Enkianthus chinensis)
1 BEE SEAE AL (Abelia uniflora) . 7iEAK (Zabelia biflora) . AASERHTAL (Weigela japonica) | 4x5eiiiiiit (Weigela florida *Goldrush’)
12 JNEERE +KI55 (Mahonia fortunei) | FRAT (Nandina domestica) . 7L{5/]VEE (Berberis bergmanniae)
13 Peatft  EERZL TR (Melaleuca viminalis) | #3EZLT-E (Callistemon rigidus) | %Mk (Syzygium grijsii)
14 AR 246 (Epiphyllum oxypetalum) . IlAEZE (Opuntia cochenillifera) | E#il4:3% (Kroenleinia grusonii ‘Intertextus’)
15 UZER BheEiE 25 (Camellia cuspidata var. chekiangensis) . K it 2% (Camellia grijsii) . #1:ASMH-1LIZ¢ (Camellia azalea) . B k4L A
- (Camellia petelotii)
16 o I 428k (Hypericum androsaemum) . £744x#2#k (Hypericum lagarocladum) | 4224 (Hypericum patulum) . 4:22#k (Hypericum
T monogynum)
17 okl D29 (Lantana camara) | fiRi%5 (Duranta erecta) . 4xH-i%5# (Duranta erecta ‘Golden Leaves’)
18 TR 8% (Lagerstroemia indica) . #8445 (Lagerstroemia limii) . £ (Punica granatum) . 405 754E (Cuphea hyssopifolia)
19 IR B8TE (Malvaviscus arboreus) | {#HEAFE (Hibiscus hamabo) . ARZ%5 (Hibiscus mutabilis) . 4-4E (Abutilon pictum)
20 SR PYIEERESE (Corylopsis willmottiae) | EiA (Coryviopsis multiflora) . 14EMEA (Loropetalum chinense var. rubrum)
21 PR HET (Gardenia jasminoides) . 7k4I{E (Adina pilulifera) . EH-4:{t (Mussaenda pubescens)
22 ZF % (Morus alba) , /2% (Morus cathayana) . ¥ (Broussonetia papyrifera)
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HEA

Fs # P

No. Species Family

23 BFEPIEE BT (Tibouchina semidecandra) . BF4:)} (Melastoma malabathricum)

24 AR AR (Pittosporum tobira) | #-F4R (Pittosporum podocarpum)

25 Z&HFE kel (Citrus x limon) | HFEAEM (Zanthoxylum bungeanum)

26 KITEFR RUEZZ2E (Yucca gloriosa) | AENKRI 14¢ (4sparagus densiflorus)

27 MR B (Calycanthus chinensis) | ##5 (Chimonanthus praecox)

28 K5FE M (llex cornuta) | 424463 (llex integra)

29 TBRFEE /\fA (llicium verum) | £146/\f (Illicium dunnianum)

30 IWZEWER A\SAM (Alangium chinense) | LLIZE#4 (Camellia azalea)

31 $F HKIEFH-KAE3 (Ozothamnus rosmarinifolius) . R#IKAE (Ozothamnus diosmifolius)

R RER EESET (Ardisia humilis)

3 AR im& (Polygala tenuifolia)

34 LHEF BTAE (Incarvillea sinensis)

35 FRF AR (Echeveria ‘Hakuhou’)

36 PE{ERE  fE1E A2 (Aloe perfoliata)

37 R Al (Reinwardtia indica)

38 iRl BB (Sarcococca ruscifolia)

39 DAL lEfasr (Buddleja lindleyana)

40 WESAER  FhE#ETTE (Stachyurus chinensis)

4 2GR BeHEIE (Aucuba chinensis)

42 HiEWFER A3 (Staphylea bumalda)

43 ZREF  KIEBEF (Styrax grandiflorus)

44 LORAR YeM-FHE (Bougainvillea glabra)

45 ZHHEF Gk (Nothapodytes pittosporoides)

46 HEE Gk (Crateva formosensis)

47 FAETHE  IRVTIAE 4L (Ceratostigma willmottianum)

48 JHEFF /i (Fagraea ceilanica)

49 vy Pa)ILEAk (Lindera setchuenensis)

50 KigFt  =FEEOUE (Excoecaria acerifolia)

51 R Bl (Itea chinensis)

52 WRARFE  £IAEHUE (Grevillea banksii)

53 WA FE 457 (Edgeworthia chrysantha)

54 ekl #%HE (Morella rubra)

55  HETE CFIEM (Acer palmatum var. dissectum)

56 TOmEF #8458 (Heptapleurum heptaphyllum)

57 HIHERF 4 Bh (Fuchsia hybrida)

58 KEHERF  &#4T (Rhapis excelsa)

59 AR E%AE (Michelia figo)
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Fig. 2 Distribution of shrub species by flowering phenology duration
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Fig. 3 Trend analysis of flowering phenological changes in ornamental shrubs
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