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Study on the breeding system and floral color change of four
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Abstract: We examined the floral biology, mating system, flower color change, and
pollination process of Lonicera chrysantha Turcz., L. japonica Thunb., L. ferdinandii Franch.
and L. maackii (Rupr.) Maxim. from the Qinling mountains via field observation, artificial
pollination experiments, and artificial experimental patches. Pollen limitations and some
differences in single-flower flowering and floral traits were observed among the species, which
were all self-incompatible plants. Except for L. ferdinandii, all species changed their corolla
color with decreasing pollen/nectar rewards and lost both male and female reproductive
abilities. The nectar reward in L. ferdinandii did not alter significantly, and it retained strong
female reproductive function. The retention of post-color change flowers might be a
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reproductive strategy of plants, in which an increase in floral display enhanced attractiveness
to pollinators. The artificial control experiments showed that most pollinators preferred to visit
the white flowers ( pre-change flowers), and the amount of reward and number of yellow
flowers (post-change flowers) significantly impacted pollinators’ access frequency. That is,
access frequency decreased with nectar reduction or increase in yellow flowers. These results
indicate that flower color changes might increase plant attractiveness to distant pollinators, or
have a certain influence on nearby pollinators. The post-change flowers might play a role in
signaling to pollinators during their approach that the reward of nectar or pollen had changed,
thus re-directing the insects to the sufficiently rewarded white flowers of homophyletic or
heterologous plants. This could improve both the foraging efficiency of pollinators and reduce
the chance of geitonogamy, which has important implications for the Lonicera species and
their pollinators. These results show the reaction of plants and pollinators to long-term mutual
adaptation.
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Table 1 Comparison of single-flower flowering and floral traits among four Lonicera species
AEFBRHIE A% B R % GARAZ
Floral traits L. japonica L. chrysantha L. ferdinandii L. maackii

15 Hi {4 Corolla color
L6 Floral longevity (d)
AELatal Color-longevity (h)

White then yellow
6.68 + 0.06a

White green then yellow
2.43 + 0.26b

Creamy white then yellow
3.09 + 0.12¢c

White then yellow
5.12 + 0.20d

145, White 21.35 £ 0.36(13.32%) 22.88 + 1.75(839.09%) 20.10 £ 1.59(27.08%) 29.00 + 1.69(23.59%)

A Yellow 138.93 + 1.56(86.68%) 35.48 + 2.69(60.91%) 5413 £ 3.12(72.92%) 93.93 +5.73(76.41%)
L& K Tube length (mm) 24.52 + 0.40a 4.36 + 0.06b 9.57 + 0.18c 5.98 + 0.10d
AEIHE Petal length (mm)

&M Upper lip 20.23 + 0.25a 9.57 + 0.25b 9.64 + 0.18b 15.30 + .29¢c

TS Down lip 21.66 + 0.33a 9.73 £ 0.32b 10.99 + 0.19b 5.13 + 0.36¢
HEMTE Petal width (mm)

M Upper lip 9.21 + 0.14a 5.45 + 0.44b 8.24 + 0.40c 19.70 + 0.16d

TS Down lip 2.79 + 0.06a 3.05 + 0.08b 413 + .67C 3.70 £ 0.13d
EFEK Style length (mm) 46.93 + 0.92a 13.02 + 0.20b 17.71 + 0.36¢c 14.91 £ 0.22d
£ & Nectar volume (ul) 4.03 + 0.32a 5.27 + 0.92a 2.66 + 0.29ab 0.48 + 0.06¢
HHEE Sucrose( %) 10.71 £ 3.27a 20.07 + 1.26b 29.86 + 4.84c 33.17 + 3.18d
AE¥ & Pollen production  11675.00 + 236.18a 18783.33 + 329.26b 21158.22 + 331.19¢ 12335.00 + 324.26d
JEER% Ovule production 11.67 + 0.20a 11.33 + 0.31a 10.97 + 0.25a 11.33 + 0.26a

1R/ IRk L P/O 1011.69 + 27.60a

1736.59 + 91.98b

1966.99 + 77.91b 1102.46 + 36.23a

T RPEUR A FIE + bk, FATEdRE A RN 5
RFELI ) 5 B AL BB ] Y LUl

HFRHBEZR (P <0.05), TR, fi5HHE 5808 AER LN LR

Notes: All data in the table are average value + SE, different letters in the same row indicate significant differences at the 0.05 level,
same below. The percentage is the ratio of white or yellow color-longevity to floral longevity.
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Al ~ A3: £fEH4; B1 ~ B3: ZEAL; C1 ~C4: A&, D1 ~ D5: &AL,
A1-A3: L. chrysantha; B1-B3. L. ferdinandii; C1-C4. L. japonica; D1-D5. L. maackii.

E1 RZXE4MEVDHERHEITRE

Fig. 1 Process of flower color change of the four Lonicera species
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2 DEEAMEYNELELE
Fig. 2 Comparison of seed sets of the four
Lonicera species
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Different letters A1, B1, and C2 indicate significant differences at the 0.05 level. Figures on the bars are pollen numbers.

3 BEEAMEDRTEIEHNEES., EHELER
Fig. 3 Comparison of nectar production and pollen residual pre-/post-color change of the four Lonicera species
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4 BERAMEVRECHRENEN, EXEILER

Fig. 4 Comparison of pollen germination and seed set pre-/post-color change of the four Lonicera species
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Al ~ Ad: SRR AR | e TERME, FIORRIDT 24 B ~ B3: il A Ep Ak WISERESE | WD SER
4 C1 ~ C2: 5l Rt R U A B4, D1 ~ D3; 45l i | R R f i AL B R U in) 4R 2L 4

A1-A4. Melea nigifrons, Apis mellifera, Sphingidae 1, Sphingidae two visits to L. japonica; B1-B3. Bombus ( Pyrobombus)
flavus, Bombus lucorum, Apis mellifera visit to L. chrysantha; C1-C2. Apis mellifera, Halictidae visit to L. ferdinandii; D1-

D3. Apis mellifera, Halictidae, Syrphidae visit to L. maackii.

5 RERE4MEVHEZREHRE

Fig. 5 Main pollinators of the four Lonicera species

RAJE 4 FRY I EZAL B E X A (W -
Y =1:0) AERVIRIER R3S T B A& 50 Ll
WH . BEAERETIRER (K 6) , REERFIE
LA 22 Al RSN & B VTS 3l
FEEHTE N PO BELR (C A1) BV ERL
PR (E7), BARNSRERRIMESRELHN

B IR AE, A 1 d SRR, JERE
AL BT EIUR B HTREIR (P < 0.05) . M4
TR 1) RE e T L ORI 8 e 20 44 I 0455 1 d T
SR YL TEE 2 d U5 RIAR, 55 3 d B e
R 2 d HHT R, (HET58 1 d e
(P>0.05),
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xk2 BERE4ITEYERERHENZE
Table 2 Visitation rate of pollinators to the four Lonicera species (unit; time - flower™ - h™)
Ly Il PR SIHL AR H A& E R PO
Pollinator type L. japonica L. chrysantha L. ferdinandii L. maackii
el )® Bombus - 4.47 + 0.37a 0.07 £ 0.02b 0.10 £ 0.05¢c
W Apis mellifera 0.38 + 0.08a 1.41 £ 0.14b 8.25 + 0.29¢ 4.95 + 0.37d
fis 14 F} Halictidae 0.11 £ 0.02a 0.08 + 0.03a 0.33 +£ 0.03b 0.13 £ 0.04c
friF iRl Syrphidae - 0.06 + 0.01a 0.77 = 0.07b -
%)% Anthophora 0.81 + 0.07 - - -
KifkF} Sphingidae 0.006 + 0.002 - - -
x 3 EMEBRERFSIT
Table 3 Statistics on visit preferences of pollinators
TREEHTTEE () e e 1 BRI EWA L] Firstvisit rate SR BT Total-Visit rate
it e femaaiicr) STREEE
Species . No. pollinator - FIE Eyia HA4E Eipia
periods visits White Yellow White Yellow
2.4 L. japonica 138 292 1120 79.45%(232) 20.55%(60) 82.95%(929) 17.05%(191)
L4 L. chrysantha 92 194 2174 72.16%(140) 27.84%(54) 66.24%(1440) 33.76%(734)
AR H 4 L. ferdinandii 92 535 2624 66.73%(357) 33.27%(178) 64.10%(1683) 35.90%(941)
SRAA L. maackii 77 172 1586 76.16%(131) 23.84%(41) 80.45%(1276) 19.55%(310)
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Note. Figures in brackets are visit numbers of pollinators.
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Fig. 6 Visitation rate of pollinators in different ratios to pre-/post-color change flowers
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