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Comparison of the floral trait and scent from two sympatric desert
spring flowering Brassicaceae herbs
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Abstract: Mt. Kalamaili Nature Reserve is a famous nature reserve of desert ungulates in China. Desert spring flowering
plants are an important part of the desert vegetation in this reserve and an excellent source of forage for herbivorous wild
animals. Chorispora sibirica and Dontostemon elegans are the two kinds of Brassicaceae desert spring-flowering herbs that
are widely sympatrically distributed on the gravelly desert in this region. To compare the differences in the floral
characteristics and scent between the two desert herbs, we observed and measured the floral characteristics of the two species

in the field and collected and analyzed the composition of their volatile floral scent. The results showed that: 1) both desert
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herbs showed typical entomophilous flower traits, such as a larger corolla diameter, bright colors, and a strong floral
fragrance. The two herbs exhibited significant differences in the main floral characteristics, especially in their corolla color
and diameter, petal width, and stamen length. 2) A total of 41 volatiles were isolated and identified from the floral scents of
the two desert herbs, mainly terpenoids. Among them, (Z)-B-Ocimene was the main component of the floral scent of C.
sibirica, while the highest amounts of a-pinene and phenylacetaldehyde were detected in the floral scent of D. elegans. The
principal component analysis indicated that there is obvious interspecific variation in the chemical composition of the floral
scents among the two desert herbs. The two sympatric desert herbs can attract their pollinators through obvious floral
characteristics and scents in spring, to promote their own outcrossing, which may increase the offspring’s fitness. Shared
pollinators may use this difference between the two species to distinguish between them and then separately pollinate each
species to ensure the interspecific reproductive isolation between the two species, maintaining the species diversity in this
region; this would be significant for the conservation of wild animals in this region.

Keywords: Mt. Kalamaili Nature Reserve; sympatric distribution; gravelly desert; Chorispora sibirica; Dontostemon

elegans; floral traits; floral scent
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Figure 1 Location map of Mt. Kalamaili Ungulate Nature Reserve
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Figure 2 Plants of two herbs and their shared pollinators
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A, Plants of Chorispora sibirica; B, Plants of Dontostemon elegans; C and D, Amegilla albigena; E and F, Hoplitis sp.
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Table 1 Comparison of the floral traits of the two herbs

cm
TEA TR PEAAFIE 215 FHRAETAT

Floral trait Chorispora sibirica Dontostemon elegans
a5 B2 | K Sepal length 5.26+0.47b 6.20+0.72a
Sepal # 19 Sepal width 2.12+0.42a 1.60 = 0.26b
Tt 146 B 42 Corolla diameter 14.39+1.09a 10.39 £1.72b
Corolla TEVRE Corolla deep 5.27 +0.48b 6.21+0.73a
oI 1E3EK Petal length 11.06 £ 1.03a 10.85 + 3.06a
Petal eI TE Petal width 5.98 +0.86a 4.07 +0.81b
KA E8 2K Long stamen length 6.77+0.70b 7.99 +0.70a
Ijiﬁégg stamens KIS e 25 Long stamen anther length 1.68+0.22a 1.85+0.23a
s KMEEEIE 24 % Long stamen anther width 0.69 +0.15a 0.61+0.13a
Stamen S 5 S K Shorter stamens length 5.48+0.87b 6.54+0.93a
é%féﬁfi stamens K IEESAE 25K Shorter stamens anther length 2.38+1.49a 1.84 +£0.29a
4 ST 25 55 Shorter stamens anther width 0.86+0.18a 0.65+0.18b
M5 5K Pistil length 6.80 + 0.73b 8.55+ 1.14a
W s FEHEK Column length 4.07 +0.95b 6.91+ 1.24a
Pistil T 55 Ovary length 0.93+0.18a 0.88+0.16a
/5 % Ovary width 0.73+0.14a 0.85 + 0.20a

[ 4T AN [ - B 2o 1 e AR 490 FA) A ) B 2 17 22 57k 852 3 (P < 0.05)

Different capital letters within the row indicate significant differences between the different herbs for the same floral traits at the 0.05 level.
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Figure 5 Total ion chromatograms of the floral scent components in Corispora sibirica and

Dontostemon elegans using gas chromatography-mass spectrometry
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*2 AMEXENESKELEDNENEE
Table 2 Relative contents of the floral scent compounds in the two herbs
e (5B ] AH%F & & Relative content/%
Compound Retention  piffiFldr sy FF  HLAAERET
Chorispora sibirica Dontostemon elegans
i B R F I Methyl sulfocyanate 2 2.01+0.01 -
SBR S R A 5 Isopropyl isothiocyanate 4 0.53 £ 0.00 -
3-THAFH R H R NS 3-Butenyl isothiocyanate 10 - 1.57 £0.00
JIii-B- iR T B (2)-B-Hexenyl propionate 16 - 0.69 £ 0.00
Reiie ). Mi-3-C) T EREE (2)-3-Hexenyl butyrate 18 - 1.31 +0.00
T Jz-3-Cuf% T BZlE (F) 3-Hexenyl butyrate 20 - 1.33 +£0.01
Fatty acid .
derivatives T2 CLfiE Hexyl butanoate 20 - 0.14 £ 0.00
2-FHE-1-(1,1- = ) -2- B -1, 3- T I TR TR
2-methyl-1-(1,1-Dimethylethyl)-2-methyl- 37 0.24 +0.00 -
1,3-propanediyl propionate
5T & 2-Butylamine 1 1.37£0.00 -
JI5i-3- 2L 45-1-B% (Z)-3-Hexenol 5 - 0.42 = 0.00
a1 a-Thujene 7 - 2.29+0.01
a-JEM% a-Pinene 8 0.85+0.01 26.18£0.10
B-JR 4 B-Pinene 10 0.36 = 0.00 5.08 £0.02
B- A B-Myrcene 11 1.75 + 0.00 6.01 £0.01
a-7K 5% a-Phellandrene 11 - 0.31 +0.00
D-F7#5/% D-Limonene 12 0.75+0.01 7.62£0.03
% -B-% 1} (E)-B-ocimene 13 9.28 £0.02 -
JIfi-B- 2 #h7 (Z)-B-Ocimene 13 75.58 +0.03 7.27+0.12
y-ii 45 y-Terpinene 14 - 0.33 £0.00
BHAAT 1 Dimett 5.0 meiby -1 3-butadionybyeyclopropane 14 0325000 0.19%000
Terpenoid L .
2,3- &3-SR 2,3-Dihydro-3-methylfuran 15 - 0.16 £ 0.00
-t 4 (E)-B-Terpinolene 15 0.12+0.00 0.30 + 0.00
B-75 # [ B-Linalool 16 - 0.26 = 0.00
W% Hi Cosmene 17 0.33 +0.00 0.14 £ 0.00
3,4- " HHE2.4,6- XA 3,4-Dimethyl-2,4,6-octatriene 17 2.06 = 0.00 0.29 + 0.00
ZX &l Ketoisophorone 18 - 3.50+0.01
W% #4% allo-Ocimene 18 1.27 +0.00 -
5-9-2-F£ 3 9K 2.l 5-Fluoro-2-hydroxyacetophenone2. 19 - 0.73 + 0.00
LL ¥ )% i Verbenone 21 0.40 + 0.00 -
a-% A W a-Farnesene 34 0.55+0.01 -
2K H i Anisole - 0.18 + 0.00
7K Hii% Benzaldehyde 0.59 + 0.00 1.31+£0.00
ot F 7% F it 4-Methylanisole 12 - 0.80 = 0.00
2K H % Benzyl alcohol 16 - 0.54 £ 0.00
2 i 7K Z. % Benzeneacetaldehyde 13 - 18.76 £ 0.09
wE HH 3% % 2. 5L % B-Phenylethyl methyl ether 15 - 0.32 + 0.00
Aromatics s i prehnitol 15 0.19 + 0.00 -
7 H % H i Methyl benzoate 16 0.12 + 0.00 0.10 £ 0.00
2K £, Phenylethyl Alcohol 16 0.64 +0.00 7.90 £0.07
2K 2% g Methyl benzeneacetat 20 - 3.87+0.04
A8% — H iR — T 1 Dibutyl phthalate 48 0.67 0.01 -
- ARATIE]

—, not detected.

http://cykx.1zu.edu.cn



T

40 35

1322
Aa R I e HATT A4
100 + ——l—_ Fatty acid derivatives
R ED)
Terpenoid
e 80r o EBELEY
p= Aromatics Aa
Iy 2
s § 60
<8
E2
S 40 Ab
=4
20
Bb Be Ac
0 == I

VEAAFIE 25 7 5%

Chorispora sibirica

HERAE AT

Dontostemon elegans

El6 MMEAENESKUEILINBXNESE

Figure 6 Relative contents of the floral scent compounds

class of the two herbs

ENEPNEESSE NG E AT N I aet/ ENGIEwN - 7/ Pl P A
F (P<0.05). AR/NG FREFR R R E AR YA F IR G
Fh 2 8 % 7 R 3E (P <0.05),

Different capital letters indicate significant differences between the
different herbs for the same types of floral scent compounds at the 0.05
level. Different lowercase letters indicate significant differences between
the different types of floral scent compounds for the same herbs at the 0.05

level.
10 _ oWEARSEE T Chorispora sibirica
/' A RAETEAT Dontostemon elegans
[N\ )
5+ \ /
9 | | /
N 0 I|I o | -
o0 - 1
o - / .
O \
A~ |
S |"
\ J/ S~
-10 p

PC1 (69.2%)

7 BHMEREYESKCZEHBED T

Figure 7 Analysis of the floral scent chemical
composition of the two herbs

Pl o[B8l 3% s 95% ) ELAR X 1]

Circles represent 95% confidence intervals.

SR 2 A 5 DR SR O6HE SRR D A A
B A, ASAE D A T % X i B R 20T JE
PREAL Y T — A 5 L AN 5 S, ) 2l
o B A T ok R B0, il i 5 a0 i v AR
& B R, AR X A R T AR
A A S S I AN ANK 4 5 5 TR W AR e L R
ZHMEAAEEASHE EEHERE RN ES

s DA AR A7 1) B L) T R A

[F] 3853 A1 B 56 21 ok R B0 AR Y I8 2=
B L AR AR R 6 PR T 36 52 Ak % e 1 A R 5
F I AL IR A TEATAE Sz AR A X R T e R R
G AT B AR R R AR A, L S5 1 R Ak A
AR 5 ) 22 8] R REABA A AT B A2 W 5| A [R]
fetn BT AR R B B R R o T AR X i T
oA A AR TRT B £ AR AR AR TR AE R T
Ae 2> R I — 8 W TE SRR R I 5 A5 40 & o P Fh L
AV B MR R AR T, K IE e B
1. B B I A8 e AR 25 R0 05 A& AR SR . TER
WK 3 %A T B I-B-2 W L R L L Ok A R R
T VTEFE RV 1 WAL, a8 T A Bl 76 3
REAE WL 5] [7) M AL K 5 U7 46 9T A& Ky, e BUA A HE,
T AR 3 EHE i Dy o 1% 5 7[R 380 50 A b 4 Fhig £ %L
T W) A6 50 25 6 Ikt 58 A% K 25 B I 9 9 4 R — 3
PRl [ 380 43 A 1) i@ A6 B} R T JE R A # 2R B HH A
AR AL S AREAE , A6 0 9 U5 (RN 45 60, JE 7 B A2 35 4
Ko b BT LA 51 1R R R e B A P 2o
HH Y A1 A A I, PR PR R AR ) I T8 B R AR
55 /¥ 3 BARAE 2 1A B A 2 35 DL EE M, X % X
BoiEEM SEm B REERY TREM KR,

T A% B 67 B AR 22 5 i AR A B R RS 15
TEAT J9 ATy A 36272, — A N 7E 3 S 1IE RE 05 75
T PR B W 51 A% Ry 2 U AR, T AE SR A] DAFE e B RS B
A2 B B . S [ 2R A 0 2 xR D 1 AR 1
AR, B AR K o i e T U R 4L B KR, A
EIR MBI g 2R ARy 3 U il (e K 2 R ILEE
B0, BB RERRIE HACE R R
IR 31, FLAE AR 2 4 60 L A R 1 28 1) )
6 2= T 51 PO g [R]85 A ) 3 4R R R
TEEBRFAE AL ¥y 22 R L 45 R B, 3 MBI RI1E
R EEEMEO MY EEEZER, KR/ E
¥ % (Corydalis racemosa) N At 6 H H 2B /N .
3 AW ER B AR R U5 AR5, A5 H U5 AR 00 56 22 e R
K, ANETEE W Vi e IS, 1X R W16 M 16 R
TR R /IN B 25 S TR R A R 0 5 M A 1 S R B
AT G G5 R W, T Tl B A A B o A8 SRR AE 2
[F) A7 AE 2 25 1 22 e AR B 3 VT e 2 WK 48 T PR R4 vk
AN A () A6 T B s A6 el ELA A6 9 5 S5 AR MR IX
Iy e IR, IF 53 ) Dy Ho AR Ky, DA T R B 1 7))

http://cykx.1zu.edu.cn



55 Xt

S5 A I A B PR S B AR - AR B A ) B A R AL 15 18 Uk 22 S 1 B R 1323

Tl B4) Ao 11 A= B ol 25

TEAEHE ) B AE SR AT R B H R & B AE — €
P2 b2 R i AL B 2 I A R AN U5 8%, IRk R B
W B R B R R, AR 1
A W S AN M T S B R R T 2K Y, AT g
FE P A 3 U5 A R ) A SR R A v A T 3
RREEREY, HERYETFIF R SRR, 4
il Jhy T SR P TR R S ot TR S TR R, AL SR AR AT
A 3-T M A JUR BE — Mo E R 70 B 45 R 3E
B 9 b 55 A R ) A6 SR AR R ) 2 TR HL A B Y
sV, POAR R B - 7 46 0 Hp 32 o) i -B- 2
B0, T A SR A AT A8 SR R E E A SN o-3K
W FIZE 2, T B K4 FEXT BRI (Jatropha curcas)
) AN [5] 2 56 e AIE 6T A% K B2 HL IR A% ¥ 4T D9 R Ky 2
RIHEFL PR, A8k B o ) F A IT 46 ) BT K
R IAS TR A6 SR AL 22 ) o3 0 AT € 1) ik B 9t 58
BAE K o DRI, I 9 IX 35 ol ] 35 23 A7 1) A
FF B A P W] RE 3 i HUK A [F 48 AL A Pk
JE [0 MR 51 A% ¥y 2, AR 2 AR A & A F]

2 Lk References:

KX R, o3 990 D9 oAt oy, AN T R Bt 4 420 i 1] )
ARG R . SR, I T AT PR AR e
SRR S AE By ) AR AT e el e ok — 8 oy
BT 3 B A R R AE R W) 2 18] 3 2 R

ZR_EPTIR, A PR T A S R GE A
il B IR 0 A% 0 P 8 R 22 AR B X BR R i 15
o, AW TR T R332 G ok R B ) e
T W) (R 76 S0 RF AR AN AE SR AR A 2 D 8] 22 57, 3K
A A3 2 1 W i X 3R T A 0 1) A A B
8 Dy 5 VA 0 A i S B A S5 (14 3 8 L A A T R
(2 hi g

Bt Rt L 2Ry R EIEEe) TAEAR
A AR 5 SRR B 69 IR A T R ARAE K A 69 B
RO AT I8 K P32 5 & A F [T A LA AT
BHEAAFRAFFLELEAZLANREAARARPREX
R FAEREF Y, RMHE RAREAEH-F
& R AR F RAF R F O (http://www.geo
data.cn) #2 4 # 9% X 4%, ¥ ok B!

01 BO0&. 5 &R 2 AR AR F RO S LS B 2 FEE, 2007(6): 569-575.
HUANG S Q. Studies on plant-pollinator interaction and its significances. Biodiversity Science, 2007(6): 569-575.
[2] OLLERTON J, WINFREE R, TARRANT S. How many flowering plants are pollinated by animals. Oikos, 2011, 120(3): 321-326.
(3] J7o, BOWA. BEE KT BARR AEZS 2 AT Fo it 8. FHm R, 2014, 59(6): 449-458.
FANG Q, HUANG S Q. Advances in pollination ecology at community level. Chinese Science Bulletin, 2014, 59(6): 449-458.
[4] PELLMYR O, THIEN L B. Insect reproduction and floral fragrances: Keys to the evolution of the angiosperms. Taxon, 1986, 35(1):

76-85.

[5] HOSSAERT-MCKEY M, SOLER C, SCHATZ B, PROFFIT M. Floral scents: their roles in nursery pollination mutualisms.

Chemoecology, 2010, 20(2): 75-88.

[61  ARD4HR. R A A i AE R A MR AL 135 1) o A A5 2 7T

2P 22PN R 2 01 3, 2009,

ZHU X F. Pollimation ecology of two sympatric Primula specie (Primuiceae). Master Thesis. Lanzhou: Lanzhou University, 2009.

[7] LIU C Q, HUANG S Q. Floral divergence, pollinator partitioning and the spatiotemporal pattern of plant-pollinator interactions in

three sympatric Adenophora species. Oecologia, 2013, 173(4): 1411-1423.
[8] KAY K M, SCHEMSK D W. Pollinator assemblages and visitation rates for 11 species of Neotropical costus (Costaceae).

Biotropica, 2005, 35(2): 198-207.

[9] WLOFE L M, SOWELL D R. Do pollination syndromes partition the pollinator community? A test using four sympatric morning

glory species. International Journal of Plant Science, 2006, 167(6): 1169-1175.

[10] MARTIN N H, WILLIS J H. Ecological divergence associated with mating system causes nearly complete reproductive isolation

between sympatric Mimulus species. Evolution, 2007, 61(1): 68-82.
[11] DELL’OLIVO A, HOBALLAH ME, GUBITZ T, KUHLEMEIER C. Isolation barriers between Petunia axillaris and Petunia

http://cykx.1zu.edu.cn


http://www.geodata.cn
http://www.geodata.cn
https://doi.org/10.1111/j.1600-0706.2010.18644.x
https://doi.org/10.1360/972013-378
https://doi.org/10.1360/972013-378
https://doi.org/10.2307/1221036
https://doi.org/10.1007/s00049-010-0043-5
https://doi.org/10.1007/s00442-013-2723-7
https://doi.org/10.1086/507651
https://doi.org/10.1111/j.1558-5646.2007.00006.x

1324 ol B % 540 %
integrifolia (Solanaceae). Evolution, 2011, 65(7): 1979-1991.

C12] ST, X306, SRR B il R L AT 62K 3 AR ER Y X B 2 FEME R BIE AL, T 23R8I, 2005, 3: 131-135.
LIU Y Y, LIU H F, LIU M. Study on biodiversity conservation in the Karamori Mountain Nature Reserve, Xinjiang. Arid
Environmental Monitoring, 2005, 3: 131-135.

[13] WILLZE, ¥HER, &5, ¥Hig, WksE, THE. RRZEEILE RS AR RS X 50 B 2 Fh i s SR, 2R,
2009, 17(4): 414-422.
CHUH J, JIANG Z G, GE Y, JIANG F, TAO Y S, WANG C. Population densities and number of khulan and goitred gazelle in Mt.
Kalamaili Ungulate Nature Reserve. Biodiversity Science, 2009, 17(4): 414-422.

(141 B4, XA, WILLE, Pa/KE. Fri R Bl 3R ORY X 55 B A SR BLR. TR IX W, 2003, 1: 32-34,66.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

GE Y, LIU CG, CHU H J, TAO Y S. Present situation of the Equus hemionus resources in the Karamori Mountain Nature Reserve,
Xinjiang. Arid Zone Research, 2003, 1: 32-34,66.

JEREDE, IURTAR, KBTI TSR K B E M 2 R OR T 5 R L SR A AR, R 2 FEE, 2008(6): 618-626.

TANG H P, YAN L J, ZHANG X S. Biodiversity conservation and a conception for a national desert park in Dzungaria Basin,
Xinjiang. Biodiversity Science, 2008(6): 618-626.

SKALIE, VR E . 1 R B R A 2 R R A — BERR AL ZE SR, 2002, 22(11): 1923-1932.

ZHANG L Y, CHEN C D. On the general characteristics of plant diversity of Gurbantunggut Sandy Desert. Actaecologica Sinica,
2002, 22(11): 1923-1932.

GRIME J P. Evidence for the existence of three primary strategies in plants and its relevance to ecological and evolutionary theory.
American Naturalist, 1977, 111(982): 1169-1194.

TS, X, VFAAE. T 5 R ST R AR S e S S5 IR 701 9. 7 Ak 441k, 2015, 28(1): 390-396.

YUE S F, LIU C F, XU D M. Photosynthetic characteristics and main influence factors of five kinds of forage grass in desert steppe.
Southwest China Journal of Agricultural Sciences, 2015, 28(1): 390-396.

ZEHTR, BRI, A S0 SRR B BRI IOTE AR FIE B H R 4t B4R, 2016, 35(10): 2592-2598

LI X R, TANG X, FU W J. Floral syndrome and breeding system of Gymnocarpos prezwalskii Maxim. ChineseJournal of Ecology,
2016, 35(10): 2592-2598.

FWH, HHR. WS R EE S AL S IR Ak 8L ZEM 2 FEE, 2011, 19(1): 24-33.

WANG L, TAN D T. Floral syndrome and secondary pollen presentation in Codonopsis clematidea (Campanulaceae). Biodiversity
Science, 2011, 19(1): 24-33.

25, BT, TR, 5K 52 ). B S A ) O e ) A SO HE AUk S A B . ZEMI 2 R 1L, 2012, 20(3): 368-375.
HUANG Y L, AN X F, SHI D, ZHANG A Q. Mast flowering and pollination mode in a desert plant Limonium otolepis
(Plumbaginaceae) from Xinjiang, northwest China. Biodiversity Science, 2012, 20(3): 368-375.

R A R i e S S ) AE A — AN B 0 T4y W G5 A R L. T T BRI 22 8 0, 2018.

HU L. The plant-pollinator bipartite and its formation mechanism in the Zoige alpine meadow. Master Thesis. Nanjing: Nanjing
University, 2018.

T, BT R, TH, HAK, HE. SRR IR AT RS R TR E AR L. RS AR, 2015, 39(7):
753-761.

HUANG Y B, WEI Y K, WANG Q, XIAO Y E, YE X Y. Floral morphology and pollination mechanism of Salvia liguliloba, a
narrow endemic species with degraded lever-like stamens. Chinese Journal of Plant Ecology, 2015, 39(7): 753-761.

MR 5= R VT EAT 9 53RN B A T AE % . AR AT S AE SR T 55 . BRI 2 RS 22 A28 0, 2019.
CHEN Y. Correlation between flower-visiting behaveriors of Colocasiomyia flies and flowering phenology, thermogenesisrhythm,
and floral odor composition of Rhaphidophoral aichouensis. Master Thesis. Kunming: Yunnan University, 2019.

FRAL, T, M7, AR, 2 E . PRI AL OO B A2 0 R FL AR AR 3 TR, 2020, 40(7): 1010-1020
HUANG D H, WANG Z B, YANG L F, SHI F C, LI H H. Variation of floral scent emitted by the female flowers of Breynia
fruticosa (Phyllanthaceae) at pre-pollination, pollination and post-pollination stages and its ecological significance. Guihaia, 2020,
40(7): 1010-1020.

http://cykx.1zu.edu.cn


https://doi.org/10.1111/j.1558-5646.2011.01279.x
https://doi.org/10.3724/SP.J.1003.2009.09001
https://doi.org/10.3724/SP.J.1003.2009.09001
https://doi.org/10.1086/283244
https://doi.org/10.3724/SP.J.1003.2011.10167
https://doi.org/10.3724/SP.J.1003.2011.10167
https://doi.org/10.3724/SP.J.1003.2011.10167
https://doi.org/10.17521/cjpe.2015.0072
https://doi.org/10.17521/cjpe.2015.0072

% 53] PT35I P AR e A 2 T AR R S AR W A 6 A AR AL 5 8 U 22 7 M L AR 1325

[26]

[27]
[28]

[29]

[30]
[31]
[32]

[33]

[34]

[35]

[36]

SRAZIE. Hr R I A=) VR A EOSORM BN (B, 2%, 2002(3): 4-5.

ZHANG L Y. Ephemeral plants in Xinjiang (IIT): Community significance and resource value. The Plant Journal, 2002(3): 4-5.
HARDER L D, BARRETT S C H. Pollen dispersal and mating patterns in animal-pollinated plants. Floral Biology, 1996: 140-190.
FEHELT, O A, AH B T NI FE T ARV ZE 2 REDE, 2007(6): 576-583

GONG Y B, HUANG S Q. On methodology of foraging behavior of pollinating insects. Biodiversity Science, 2007(6): 576-583.
FEZRWT, B4, B0 ZRHEYI IR A k. 2B 2 FEE, 2012, 20(3): 270-279.

REN Z X, WANG H, LUO Y B. Deceptive pollination of orchids. Biodiversity Science, 2012, 20(3): 270-279.

FAEGRI K, VAN DER PIJL L. The Principles of Pollination Ecology, 3rd ed. United Kingdom: Pergamon Press, 1979: 81-86.
RAUSHER MD. Evolutionary transitions in floral color. Journal of Plant Sciences, 2008, 169(1): 7-21.

EE, FHE. RGN E SR =M ST RGN 2 5. MYFFER, 2017, 35(2): 186-193.

WANG H, LI X X. Differentiation in breeding system and pollination of three sympatric Corydalis species. Plant Science Journal,
2017, 35(2): 186-193.

B, AREE, ERER, XIMeTT, BT FHA) R R Uk . A I Al R ) 2441, 2015, 23(6): 710-716.

CUI C J, ZOU P, KUANG Y F, LIU H F, LIAO J P. Research advances on the osmophores in plants. Journal of Tropical and
Subtropical Botany, 2015, 23(6): 710-716.

AT, 2095, XUB, FIEE, 2eufvl, R, JRE . A FER T B B YPRHEE AP0 A U8 S o B AT A2 m. WAeE B
Hepgr WA RS, IR R AUEs, B B AT AR 1A%, B0 WIALERRAHOR L, 2008: 21-34.

FUGX,LIW Z, LIU K, WANG Y H, AN J J, WU S'Y, YUAN G H. Derivations of characteristic volatiles of aroma plants in
different families and their effects on insect behaviors. Hubei Entomological Society, Hunan Entomological Society, Henan
Entomological Society. Insect Studies in Central China (Vol. 5). Wuhan: Hubei Science and Technology Press, 2008: 21-34.
BAE. PRI AL Ry B VB RS AL AT AR 22T 7. Aent: o B RHART S B il 22 601830, 2012,

LUO C W. Pollinator composition and behavioral ecology of the main pollinators for Jatropha curcas L. PhD Thesis. Beijing:
Chinese Academy of Forestry, 2012.

RITIR, (i4e, sk, AAFRE, Bk, Bhr s e s S 8 A M E FR ) L T Bl S B RSN VR, T RIXE AL, 2010,
27(2): 257-262.

WUK S, FU H, ZHANG X Y, NIU D C, Talateng. The seasonal dynamics of nutrient contents and the nutrition balanced values in
the eight forage species in the Alxa Desert Grassland. Arid Zone Research, 2010, 27(2): 257-262.

(THEHE  HERE)

http://cykx.1zu.edu.cn


https://doi.org/10.3724/SP.J.1148.2010.00257
https://doi.org/10.3724/SP.J.1148.2010.00257

	1 材料与方法
	1.1 研究区域及材料
	1.2 花部特征的测量
	1.3 花气味的组成分析
	1.3.1 花气味收集
	1.3.2 花气味化学分析

	1.4 数据统计分析

	2 结果与分析
	2.1 两种草本植物花部特征的比较
	2.2 两种草本植物花气味挥发物化学组成的比较

	3 讨论与结论
	参考文献

