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Abstract

Aims We studied the breeding system and pollination ecology of Meconopsis integrifolia (Papaveraceae), which
is an alpine herb, for two consecutive years.

Methods Five plots (plot 1, 4 452 m a.s.l; plot 2, 4 215 m a.s.l; plot 3, 4 081 m a.s.l; plot 4, 3 841 m a.s.l; plot 5,
3681 m a.s.l) were established along an altitudinal gradient in the Balang Mountain. Flower longevity, stigma
height and the highest stamen were measured and recorded. The stigma receptivity and pollen viability were
tested by the Benzidine-H,O, method and the TTC method, respectively. The breeding system was tested by ex-
perimental approaches, and flower visitors were observed over the life span of the flower. The temperatures of the
flower and environment were also recorded.

Important findings Flower longevity was greater in plots 1 and 2 than in plots 3, 4 and 5. The stigmas were
higher than the anthers at the beginning of anthesis, and the distance between stigmas and the anthers then gradu-
ally decreased with the progress of flowing. The stigmas and anthers came into contact when the corolla wilted in
65% of the flowers sampled, indicating an incomplete herkogamy. The stigmas became receptive before the de-
hiscence of anthers (protogyny). Under natural conditions, stigma receptivity lasted for 8 d and pollen viability
lasted for 2 d. Hand-pollination experiments indicated that M. integrifolia was self-compatible and did not exhibit
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apomixis. Seed set was significantly increased after a supplemental hand-pollination, suggesting the pol-
len-limitation of reproduction. The pollinators in plots 1 and 2 were flies, and in plots 3, 4 and 5 flies and Thripi-
dae spp. We observed that flies moved and transferred pollen between plants, and that both flies and Thripidae
spp. moved within flowers, the latter resulted in “facilitated selfing”. About 65% of the plants sampled set seed by
autonomous self-pollination. There was a significant difference in the visiting frequency of flies between plots,
with plot 1 being the lowest and plot 2 the highest. Pollen limitations were evident across all plots due to lack of
sufficient outcrossing pollinators. Two different selfing mechanisms, unexplored here, may provide a partial com-
pensation for the natural reproduction of this alpine species in the arid, alpine habitats. M. integrifolia could attract

pollinators by providing a warm shelter.
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TE AR T, S 2R R A K A FH 8 T ok
55, AE W FIE A B T AR A B HL (AT M~ 0 X
4>, 2004; Duan et al., 2007). X} & EEHEY
Ranunculus acrisf{IBF5T &I, KR M X B H R
FEHNAIE e X K34 (Totland, 2001). XU
1t J& (Impatiens) A8 47) IR 58 A R, e T 4 i DX RAAER
WAL () A by B AP R AR A 22 e, BRI AE Bl dk
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Fig. 1 Habitat and floral traits of Meconopsis integrifolia in this study. A, Habitat of M. integrifolia; B, Flower; C, Whole plant; D
and E, Showing the relative position between stamen and stigma at the early and end of blossom, respectively. a and b in Fig. 1B

show the height of stigma and stamen, respectively.
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Table 1 Floral longevity of Meconopsis integrifolia in plots of different
elevations (mean * SE, n = 20)

Ffts Plot R X
Elevation (m) Floral longevity (d)
1 4452 15.81+0.37°
2 4215 14.11+0.46°
3 4081 13.03+0.40°¢
4 3841 11.64 +0.26 ¢
5 3681 12.61+0.39°¢

e i 2 EHECRIILSDIE . AN RERIR 72573 2% (p < 0.05).
The LSD method was used to compare the differences in floral longevity
among plots. Different letters indicate significant differences (p < 0.05).

Gk SR I e K 2 H (876 027 + 53 243)
(n = 100), WER%LH 4 (985 + 42)(n = 100), P/OfE Hy
(901.24 + 43.01) (n = 100).
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FEk e A0 B, B AR HAS IIAS 20 S A IS 1
HIR20T 0, BEAE R I, FEHLSFIAR: S v 255
LIRS [B] LU FE MO AT SE G, FEHILFI2 S LU FE 314
WA IEK
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—e— {41 Plot 1 —&— FEdh2 Plot 2 —%— Fffi3 Plot 3 —e— Fithd Plot 4 —— FEhS Plot 5

HEEZE Height difference (mm)

1 2 3 4 3 6 7 8 9 10 11 12
JEAE B ] Time after flowering (d)

B2 BRI A G SRR AT Sk o e R 24 e S 22 AL TIOR8 R AR AL CHE (b 1R 22, n = 20).
Fig. 2 Changes in the height difference between stigma and the highest stamen of Meconopsis integrifolia with time (mean + SE, n
= 20).

F2 AT M A 2 SRR A Sk T
Table 2 Stigma receptivity of Meconopsis integrifolia at different elevation plots

FEi Plot 1 Bud FFAEJG I E] Time after flowering (d)
1 2 3 4 5 6 7 8 9 10 11
1 - + ++ +4+ 4+ ++ ++ + + + - -
2 - + ++ jrarars . ++ ++ + + + - -
3 - + ++ . . . ++ ++ + - - -
4 - + ++ ++ 4+ 4 ++ ++ + - - -
5 - ++ 4+ +4+ ++ ++ ++ ++ - -

- KA EA RN +, A HA AR ++, HELEAR

SRATERPE; +++, FSRHA R AT E . AR AR AL TR A A FE A Hin = 5,

—, stigma not receptive; +, normal stigma receptivity; ++, high stigma receptivity; +++, stigmas have highest receptivity. The sample size n = 5.

{EE1TG )1 Pollen viability (%)
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Fig. 3 Changes in pollen viability of Meconopsis integrifolia with time in plots of different elevations (mean + SE).
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FRE L 2 e AS AL R A AT 7 AR R SR
T, UL A SROE A AEAE RS AR TS . A
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T FEHE3 AR5 AL B 1) 45 512 %.(28.0% 32.1%- 30.7%)
AT X 1/(50.4%. 52.4%., 49.8%)(p < 0.05)(#£3),
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G SR ORE AF AL — T REFE AR PR .

24 FRBRSTRNIREKRN

FREHL AL U139 hiv s, M2 A2k
WL % i o T L 1) e e A B L e TN B AR,
{EAELE P 15 B I T (510 min), BERS TR 2
TeK o ViARINT, BEET F 5E Bt Sk AN S 3L T4
BN, Za S EAE N R IBIES), E1E AN Ae 5 Jik &
(R, L5 IR AR ROk e 25 82k, 25 T I
XLy o WRSRAE A IR U7 TE A 7AW
FES, PEHTTESR 5 AK((0.15 + 0.09)W4E™
hY), BEHL217 1640 % B 75 ((0.59 + 0.04)7k-467-h ™)
(K4).

FERBIFIARE #2110 ok B R R B0 E, BAT17E
AN TR R AR ) PR3 30 RE A% DR IE e A A K &5 52, R I,
CATEAEN RS 5 R“h B4, FEHh3. F b
AFIFEHOS5 A5 Ky B HOE b 2R A i) 2 (Thripidae spp.),
i) By 8 /NI B PR AR A B IS T K (35 min) JF 7R
Kk 5625 A EE ), RBUER LR — 2L NI
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Fig. 4 Flower visiting frequency of Meconopsis integrifolia in
plots of different elevations (mean + SE). Different letters indi-
cate significant differences (p < 0.05).

&t .

RBE R FE T2 R, R 1 7:00 8 BE iffh
FEXUET5 °C, 19:00 551l BEIK T35 °C, XK
I T B HOR U5 Bl il (B, 2006; R R AR
2006, 2010); H7:00LAHT. 20:00LL 5 BEA WL R HLU K
ATIRA B ) B ENAE N, B R) B AR e AN R R
A, BRBR TN, dtybdEn, &H
7:00LL i A120:00 LA 5 305 B v fE

P PIRRE  PRBEUR L IR, 45 1H17:00-9:00
1o L RE 2 v T IR (p < 0.05), 7:005
2.57-5.83 C; X Ja Ml LR TR, 12:00-15:00
PRBUR 03 = T AR RS (p < 0.05); 17:00/5 345
Uik P TRGHC R [, 6 PR (17:00 4% A b A Py IS T
H%J45.48 C)iZWi T, 18:001¢ L FEA = T3
BEi E, 3119:0048 N UL BE (%5 Hh A8 IR 2P 3 8
6.84 C)E# M THESEE(p < 0.05), #iH2.5-4.9
C (KI5). — KAV LA AL 4 S 5 2R
Sa L P T 2 1A Ak S T O M 1 AR 4k, B 4 7E
PR TR E I, R ERZ, MIENE
JEARTIREEIR R, MR b, B2 %A . &l
PRAEH Y, e N PRI B ) 25 5 T (R
BEAFAEN S (p < 0.01) UMLK R (FEHIS A
#, p = 0.018), HMW#H ZIEUFILLPERR, RIFE
Hi1: y = —0.033x* + 0.164x + 2.01 (R* = 0.762, F =
15.102, p < 0.01). FEM12: y = —0.005x" + 0.233x +
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Fig. 5 Changes in temperature difference between flowers and the environment during a day (mean + SE).

R3 A FEHRAS I B E R IR ) 45 5226 CF (bR L) P AL SR 4
Table 3 Seed set rate (mean + SE) and fruit set rate of five different breeding treatments of Meconopsis integrifolia at different elevation plots

pist] Pl Plot 1 FEHb2 Plot 2 FE b3 Plot 3 FHha Plot 4 FEHLS Plot 5
Treatment
Seed set Fruit set Seed set Fruit set Seed set rate  Fruit set Seed set rate  Fruit set Seed set rate  Fruit set
rate (%) rate (%) rate (%) rate (%) (%) rate (%) (%) rate (%) (%) rate (%)
Sof Fi 345+244°  60.0 37.8+543" 750 50.4 +5.42° 65.0 52.4 +7.65° 60.0 49.8+273° 650
Control (n=20) (n=20) (n=20) (n=18). (n=20)
LERER 27.8+4.98° 50.0 31.3+594° 45.0 28.0+11.82° 60.0 32.1+7.06° 42.1 30.7 £0.50° 65.0
Emasculation (n=20) (n=18) (n=20) (n=20) (n=20)

without netting

=K 15.8+£3.95°  30.0
Netting without (n=19)
emasculation

20.4+4.37° 40.0
(n=20)

17.7 +6.42° 45.0
(n=20)

195+331% 350
(n=20)

25.4+4.78° 35.0
(n=19)

NT %8 419+311° 550  501+684°  60.0 525+435 650 58.2+456°  68.75 59.1+226° 632
Manual selfing (n=20) (n=20) (n=20) (n=16) (n=19)
NT5AE 551£1001° 700  66.2%530° 850 64.3£479° 850 762+218° 750 715+247° 800
Manual (n=19) (n=20) (n=20) (n=19) (n=20)

outcrossing
SR FIREANR FREROR 2 57 W (p < 0.05); n, HEAH.
Different letters at each seed set rate column indicate significant difference (p < 0.05); n, sample size.

1.571 (R* = 0.894, F = 42,507, p < 0.01). F:Hh3:y =
—0.041x% + 0.332x + 1.012 (R* = 0.724, F = 9.129, p <
0.01). FEHhd: y = —0.03x* + 0.292x + 1.041 (R® =
0.851, F = 11.172, p < 0.01). FEHi5: y = —0.151x% +
0.477x + 1.124 (R* = 0.587, F = 6.997, p < 0.05), =X
YR VARSI, XA 2

3 Wig

31 THFmEHELAIRM
A 75 f HAT I8, IAEE AR AT AT 38 AR 77
fir () ZE K 540 %6 (Clark & Husband, 2007; K i 5l
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22K 7%, 2009; Torres-Diaz et al., 2011), {45
40 5 1 T % M 5% (Torres-Diaz. et al., 2011).
Vesprini flIPacini (2005)J8 &30, (R4 1E T, 2iEk
T JE Y Helleborus bocconeiFlH. foetidus K HK:1¢
Aifir, BERACH ZE LUK b 1 R U7 2ok I&E A%
B B AL . Steinacher fllWagner (2010)%7
FhEn A BTN, MAE a9 FE U AR AR
N, HE A oA I S AT S W4 RN 0 A e DR B I
[k REK AT e AT TURIN, W3Ok A 2t 2
G IR 75 i 5 AT Sk TR R R S I TR, TX ] g
B AR AR 25 A LA B H LG 368 1 ) AR by U AR



Feri mEY g SR RO X A 3SR 9T 9

Ak (Blionis & Vokou, 2002; Makrodimos et al.,
2008) 7 5K o hf Tk EE AN 5 A BE 58 AN IR ) Ty
T, ACFET I IE R AN O] AR IR B Aok 2 FE U I
MR (5K B oA 2R R4, 2009), a8 H S ek
ISR T B N2 (248 )4, 2012), [RII
AHATHRMAGE 2 AW 2, ORUEZE B
(Teixido et al., 2011), ] UL, AxZgif2ak & e it
FEA T e LR 0T e L AT A IS B U e ) —
Rl Blos T2 SO PR AR A SN (2 B 1B A%, 2009), s AH
WxF v Ll PR AT 808 Y 1 25 SR
32 fEMRH

DAFES e LLAE DAL R B L (R B B, R e DA
HASE AT RGE . B IIG h e ) AL = ) 4%
gy S SN S NI A N S IR R L
(Bergman et al., 1996; Blionis & Vokou, 2001; )
1E%%, 2009; Rader et al., 2013) . {H7E = L A4 AL K}
AR, BRI ECE A BOGEE
(2007b) & IR il b (Fannia sp.) #& 7t BHFE 4 1l B %5
(Anisodus tanguticus) i 5 B (1) 5 R0 AL A& 0 B
Pickeringl1Stock (2004) £ A vy L B 7 4%
A B U R A R B, SR L R 18 62.3%,  HLF
KEE . VIMEME; Siebers:(2011) % BR ¥ /&y LA
SR A 2R JE A Eritrichium  nanum R4E 8 B
P RO, BRI $97.5%, AW R, R
B AR IR E LRI A O A, (RIS ) TV o
WAL IR, TR A S A S Sk O
HER e Rl XA e RS PR &
(FE4 B)HIFER 2, AR T Bk A ¢
AR, A Sk Ll A6 7 IR DR 3R RE RS LR B /2R
B A A I ( et « P2 T 45) Ry R A AT oy B L g
BEREF . WS A RIS 2 900 73 A4k
B, IR RIS ek, R E 5N
W PABE IR R i 2 1A AR A OGO R (p <
0.01) 4 Bl 4= S 905w DL i 1] i 248 45 4 ik Ok
WET S Pk B S | B A Z AR I H . 540
76 =y fr e (L R A B Ll K 2y 1 R = R A
(greenhouse plant) F1“A7 B4 (cotton plant) LLEE A
BT TE N BEAN ], At e 908 I AE A T
AE AR ER S R RS EEAEH . A% aRYGE
BEEA B i 5 SO 1T 1 5 A A it S PRI A 50
MERERC ARG R & 7 AR R WA A T RS

AT, ER L BB IR A R X,

U6 1 b 2557 33 B2 1R BR i (Heinrich, 1972; Totland,
2001; Fabbro & Kdorner, 2004), TEA FEHhX
Vi 8] 24 F5 1) BE 43 1) 22 55 (Devoto et al., 2005; EXJG
A%, 2007D; Sieber et al., 2011). 4k 4RE B
AL (4 452 m)WER IR Vs {E 5 (15((0.15 +
0.09) KA ™h™Y), 3K AT AE-LT frriE PR M X BT 38
A%, RS B U5 R A2 ((0.59 £ 0.04)K
PN B B R AR R AR i R
FEREHL2 (4 215 m), BFAMERAEIURIN, FEHL2 4
Gt SRR MRS R I . TP R B, ik
WIDHEN, A 2 f v R S U5 AR5 v] g 5 1L
B IAC RS A O, [N, W8I ) IR 58 R
il = T A 10 R B R 1 B I B U AR A &gk
) 1 2 3¢ o
33 EHEGR

SRS, EASANZERN . W S A7 0 A S
PN R AT . e [ A T AL (Ishii &
Sakai, 2002; Anderson et al., 2003; {5 i 2%, 2009).
TEFACAE R B AL G IR R )R, — LRl Be g i
b H B AZ 5% AT B R A () B R A 44 (Busch,
2005; Herlihy & Eckert, 2005; 41 Jj%%, 2012). 4*
LI £ 28 7 FLAT AN 5 AR S (07 FDAS 5 4 M Al S 3
(R 55, B T AT 58 A1) B (self-compatible  spe-
cies)o {EIBLRERAEMEE XN TLHEH AL 1 HFFE R
B, ZEK TR gt g eE RA ey
FESK N R FE S5 /0N ORI ) B 7~ I [ 179) 25 55
FEAE R AR Ak, ELTHI I 25 A% K o A A2 38 1 1) A% K R
il o Sk SR G 1 AS SN SOHERREAS 58 42 5 30 Ay FR.
TEI B 3 BACHRAE T RTEE A1, TR AN 58 A Ak S
PEIEZET AL B3 B G RA . BART S,
FEWFFCBANFE L, YR IAL 25 T FF AL I S5 R TT
SRR, SRR AT Sk B BRI AT B, X B A
UL T TS, Kk, K2 EOW SR (£165%) 14k
AR SRR R & b 5 I e e ik, 1X4 B3
HASHRAE T A0k kIR, TR, S argE ME A
EERAY A, X H B A BE T AR [
TEATEACTF O R AR 2 WA AE, FH e 5 4
2y SRSk e, RTRE S BT R AR AR P S Bl
SHEEEY AR SRS Sl T R AR E AN
SETSZ BN B PR R BL ) B ATHLEIA
KD ARy B AP T — e R b B
#M(Zhang & Li, 2008).

doi: 10.17521/cjpe.2015.0001
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N THR RIS B, AR = R H LRI b2
FEARACRY I] BE AR A S SR G P A Bl 1R S B R
KR, I 528 RS U ARSI AR Y, 1A
M L5 G AR ) 45 52 F I DTk OR R e S SR AR A R B
AR AR OC . TR A3, 4RIF:
HuSWE RV TEMURAR TAE L2, [RI), A3, 4F15Hh
B B R P By B AS " 4b, i By AN A B R
FEEA S AR AN LS, IX LR F LR
FH VT B8 18 WA H.3 AFNS IR A6 R4S 5T 22 1R E AE A8 111
PEEZ IR T .

AL 2 SR H PIOf 9 901.24 + 43.01, X5
Dafni (1992)4i H (1) et A2 (AR ABL, 1X 156
A Gk G ok [R) I AT S A2 A A IR TR A AT &R
g8, IE WS 4 1 1) 49 FHE ) Chaetanthera eu-
phrasioides (Arroyo et al., 2006). #iRHE) 11 EFE
(BOGICAE, 2007b). JEHAME et JziH (Gentiana
lawrencei var. farreri)(f )15, 2009). 7% (Mand-
ragora caulescens) (J74:M55%, 2011). HaZsRHEY
Kosteletzkya virginica (Ruan et al., 2011)LL & With-
ania ashwagandha (Mir et al., 2013)Z5 454 —F¢, &
D) 7 AS B R EHLEAE TR 58 RS, (s
SR gk RE L A A8 T7 2 AR AT UORAIE 45 55

E®ME BEAARAFAA(31370436).

Bust A REXFRE BT RKRE. Bt
B AEAHE. Y. XEA XNEHE ST
PATITAZ P LT 09 B, Beaftvd || Rk K5 R B Ak
F R R A HAZAT LI 09 EHE WAzl
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