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Abstract: Resource allocation strategy is central to plant life-history theory and thus receive extensive attention of
ecologists and evolutionists. However there are few research about the resource allocation strategies of sympatric species
of the same genus. We studied the plant traits and reproductive allocation of three sympatric Comastoma species which
are all alpine annual herbs of the Qinghai-Tibet Plateau. Our results were as follows: ( 1) there were significant differ—
ences in plant height flower number every plant top flower size and reproductive allocation among three species due to
their different mating systems habitats and life-history strategies; (2) in all three species there was positive relationship
between resource allocation of vegetative organs and reproductive organs and no trade-off between vegetative growth and
reproduction was found; (3) the reproductive investment increased but the proportion of reproduction( reproductive allo—
cation) decreased with increased individual size which was consistent with the previous conclusions indicating size-de—
pendency of reproductive allocation and this might be resultant from the allometric relationship between reproductive allo—
cation and individual size.
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1
Table 1 Habitats and companion species of three Comastoma species
Species Habitat Sample number Companion species
40 Aconitumv gymnandrum Delphinium kamaonense Gentiana scabra Elymus nutans Oplo—
C. pulmonarium panax elatus Saussurea japonica Gentiana straminea
40
C. volvelad Potentilla fruticosa Gentiana scabra Leontopodium leontopodioides Oxytropis kansuensis
- poryetadum Gentianella azurea Ranunculus japonicas Euphrasia regelii Gentianopsis paludosa Carex
tristachya Kobresia myosuroides Festuca ovina Taraxacum mongolicum
) 40 Blysmus sinocompressus ( 90%) Festuca ovina Parnassia palustris Saussurea pul—
C. pedunlulatum . . .
chra Cremanthodium reniforme
FAA (X )
50% 5 mL ( Y=aX" b a ) o
5 pL SPSS 13.0 for Windows
10 o One-way ANOVA  Pos hoc-L.SD
o Correlate  Bivariate
Correlations Re-
o gression Linear  Curve Estimation
1.3.2 2009 8 +
40 .
2 ) o
(fI_D 2
(fl_H 2.1
) fl_D** fIl_H ( f1_size)
( Cao et al. 2008) ;
(fl_num
(pl_H) -
1.3.3 ( 2)s Cruden( 1977)
(P/O)( 2)
Al 2
80 °C 48 h ( Table 2 The numbers of pollen grains ovules and
0.0001 g) . pollen/ovule ratio of three Comastoma species
1.3.4 . .
Species Pollen number Ovule number pollen/ovule ratio
C. pulmonarium 5416.6+515.9  119.7+4.2 46.3+4.6
C. polycladum 3044.7+226.3  269.3+6.6 14.7+0.8
C. pedunlulatum 3915.0+£370.3 216.1+6.8 18.8+2.0
( Bazzaz et al. 2001)
( Weiner et al. 2009) , 2.2
(V) (RA)
( + (
) o 3) .
(Y ) (R) (RA)
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( ) ( 3 Do
(4 570. 06+ 123. 15) 2.3
(LSD P<0.001) (632. 62+25. 33)
(820.86+18. 35) (0. 195 +0. 028) ( LSD
(1SD P=0.072) . P<0.001) (0.094+0. 009)
3
Table 3  Comparison of vegetative and reproductive characters of three Comastoma species
Species PI_H ( ¢m) fl_D ( mm) fl_H ( mm) fl_num V_mass ( g) fl_mass ( g) RA (%)
C. pulmonarium 15.62+0.30° 16.10+0. 19° 17.51+0.13° 3.80+0. 16" 0.074+0.004"  0.030+0.002"  28.76+0.64"
C. polycladum 13.88+0.35" 7.74+0.15" 10.41£0.12"  17.032.11"  0.195+0.028" 0.061+0.009"  24.80+0.78"
C. pedunlulatum 20.54+0.47° 9.20+0.08° 9.65+0.07° 9.38+0.69° 0.094+0.009" 0.023+0.002° 21.27+0.70°
P=0.05
Note: Values with the same letter indicate the difference is not significant at P=0.05 level.
257
1 C pulmonarium
=3 ¢ polycladum
20 I ¢ peduniulatum .
(78.73% +0.70%) ; (75.2% =
s ™ _I' 0.78%) (71.24% +0. 64%)
10
51 |. I8 .| g 20% ~30%  ( 3).
H 2.4
0 : J - ( r=0
LB (mm) TERE (mm) %A :
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| (0.D) . (1H) ( r=0.516 P=0.001; r=0.
c 455 P=0.003) :
pulmonarium C. polycladum  C. pedunlulatum ( r=20. 112 P =0.491 )
, o PR (r=0.099 P=0.542)
Fig. 1  Comparison of flower diameter( fl _D) flower
height( fI_H) and flower number per plant of three Comas— °
toma species White gray and dark gray column represent C. pul- ( r=-0.017 P=0.918; r=0.24
monarium C. polycladum and C. pedunlulatum respectively. Differ— P=0.135; r=0.017 P=0. 918) o
ent letters in the same column indicate there is significant difference
between every two species at P=0.05 level.
( r=0.798 P<0.001;
(0.074+£0.004) (LSD P=0.411); r=0.955 P <0. 001; r=0.974 P
(0.061  <0.001)( 2:A);
+0.009) (LSD P<0. (r=-0.332 P=0.036) (r=-0.557
001) (0.023£0.002) P<0.001)
(0.0300. 002) (LSD P=0. (r=-0.248 P=0.123)( 2:B):
an( 3). ( r=0.798 P .
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=0.946 P<0.001) r=0.958 P<0. 001; r=0.943 P

<0.001) ( 3) (



34

42
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Fig. 2 Linear relationship between reproductive biomass and plant size ( A) and the relationship between reproductive allocation
and plant size ( B) of three Comastoma species The linear correlation between reproductive biomass and plant size is significant in three spe—
cies. Dotted line and circle represent for C. pulmonarium( R=0.006+0.322 V r=0.798 P<0.001) ; short dash line and square for C. polycladum( R=
0.001+0.311 V r=0.955 P<0.001) and solid line and star for C. pedunlulatum ( R=0.005+0.191 V r=0.974 P<0.001) . However the correlation
between reproductive allocation and plant size is significant in C. pulmonarium( RA=0.325-0.508 V r=-0.332 P=0.036) and C. pedunlulatum( RA=
0.252-0.417 V r=-0.557 P<0.001) but not in C. polycladum ( RA=0.262-0.070 V r=-0.248 P=0.123).
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Fig. 3 Correlative analysis between vegetative biomass (1gV) and reproductive biomass ( IgR) of three Comastoma species
A. C. pulmonarium 1gR=-0.622+0.807 1gV r=0.831 P<0.001; B. C. polycladum 1gR=-0.598+0.874 IgV r=0.958 P<0.001; C. C. pedunlula—
tum 1gR=-0.901+0.705 lgV' r=0.943 P<0.001.

um ruptans) ( Poa alpine) ( Pluess et
al. 2005) . (8 )
. » Reekie( 1998)
( Erythronium ja— o

ponicum) ( Kawano et al. 1982) .|
( Potentilla recta) ( Soule et al. 1981) |
( Trollius europaeus) ( Hemborg et al. 1998) . .

o



44 34
( Ranunculus longicaulis var. nephelogenes) o
( Trollius ranunculoides)  » ( Avi-
(RY ) la-Sakar et al. 2001) .
(VX )
( 2
A) Weiner et al. (2009) 76
( ) RV o
o - g
o Bazzaz et al. (2001) 1999,
% M .

( 2:A)

o (2)

( Zhang et al. 2002) ; ( 3)

Avila-Sakar G Krupnick GA Stephenson AG. 2001. Growth and
resource allocation in Cucurbita pepo ssp. texana: effects of fruit
removal J . Intern J Plant Sci 162(5) 189-195

Bazzaz FA Ackerly DD Reekie EG. 2000. Reproductive Allocation
in Plants A //Fenner M. Seeds: the Ecology of Regeneration in
Plant Communities M . Oxford: CABI Publishing: 1-29

Bazzaz FA Chiariello NR Coley PD ei al. 1987. Allocating resources
to reproduction and defense J . BioScience 37(1):58-67

Bonser SP Aarssen LW. 2009. Interpreting reproductive allometry:
Individual strategies of allocation explain size-dependent repro—
duction in plant populations J . Persp Plant Ecol Evol Syst 11
(1):31-40

Callahan HS Pigliucei M. 2002. Shade-induced plasticity and its
ecological significance in wild populations of Arabidopsis thaliana

J . Ecology 83(7):1965-1 980

Cao GX Kudo G. 2008. Size-dependent sex allocation in a mono—
carpic perennial herb Cardiocrinum cordatum ( Liliaceae) J .
Plant Ecol 194( 1) :99-107

Cheplick GP. 2005. The Allometry of Reproductive Allocation

M //Reekie EG Bazzaz FA Reproductive Allocation in Plants.
London: Elsevier Academic Press: 97-128

Dafni A. 1992. Pollination Ecology: A Practical Approach M .
Oxford: Oxford University Press

Hemborg AM Karlsson PS. 1998. Altitudinal variation in size
effects on plant reproductive effort and somatic costs of reproduc—
tion J . Ecoscience 5(4) :517-525

Karlsson PS Mendez M. 2005. The resource economy of plant repro—
duction M //Reekie EG Bazzaz FA( eds). Reproductive alloca—
tion in plants. London: Elsevier Academic Press: 1-49

Karlsson PS Svensson BM Nordell KO. 1990. Resource investment
in reproduction and its consequences in three Pinguicula species

J . Oikos 59(3) :393-398

Kawano S Hiratsuka A Hayashi K. 1982. Life history characteris—
tics and survivorship of Erythronium japonicum ] . Oikos 38
(2):129-149

Miiller I Schmid B Weiner J. 2000. The effect of nutrient availa—
bility on biomass allocation patterns in 27 species of herbaceous
plants J . Persp Plant Ecol Evol Syst 3(2) : 115-127

Milla R Giménez-Benavides L Escudero A et al. 2009. Intra—and
interspecific performance in growth and reproduction increase

with altitude: a case study with two Saxifraga species from north—



45

ern Spain J . Funct Ecol 23(1):111-118
Niu K Choler P Zhao B
tive biomass in response to land use in Tibetan alpine grasslands

J . Funct Ecol 23(2):274-283
Pluess AR Stocklin J. 2005. The importance of population origin

et al. 2009. The allometry of reproduc—

and environment on clonal and sexual reproduction in the alpine
plant Geum reptans J . Funct Ecol 19( 2) :228-237.

Queller DC. 1984. Pollen-ovule ratios and hermaphrodite sexual al—
location strategies J . Ewvolution 38(5) :1 148-1 151

Reekie EG. 1991. Cost of seed versus rhizome production in Agro—
pyron repens J . Can J Bot 69( 12) :2 678-2 683

Reekie EG 1998. An explanation for size-dependent reproductive
allocation inPlantago major J . Can J Bot 76( 1) :43-50

Samson DA Werk KS. 1986. Size-dependent effects in the analysis
of reproductive effort in plants J . Am Nat 127(5) : 667-680

Schmid B Weiner J. 1993. Plastic relationships between reproduc—
tive and vegetative mass in Solidago altissisma J . Evolution 47
(1):61-74

Soule JD Werner PA. 1981. Patterns of resource allocation in
plants with special reference to Potentilla recta L. J . Bull Tor—
rey Bot Club 108(3) :311-319

Sugiyama S Bazzaz FA. 1998. Size dependence of reproductive al—

location: the influence of resource availability competition and
genetic identity J . Funct Ecol 12(2) :280-288

Weiner J Lesley GC Joan P. et al. 2009. The allometry of repro—
duction within plant populations J . J Ecol 97(6) :1220-1
233

Willson MF. 1983. Plant Reproductive Ecology M . New York:
Wiley Inter Science Publication

Yao H( ) Tan DY( ) . 2005. Size-dependent reproduc—
tive output and life-history strategies in four ephemeral species of
trigonella( 4

) J . Acta Phytoecol Sin(

(6) :954-960

Zhang DY. 2000. Resource allocation and the evolution of selfferti—
lization in plants J . Am Nat 155(2):187-199

Zhang DY Jiang XH. 2002. Size-dependent resource allocation and

) 29

sex allocation in herbaceous perennial plants J . J Evol Biol 15

(1):74-83
Zhao ZG( ) Du GZ( ) . 2003. Characteristics of the
mating system and strategies for resource allocation in Ranuncu—
laceae( )
J . J Lanzhou Univ: Nat Sci Ed( .

) 39(5):70-74

( 119  Continue from page 119 )

Agric Univ( ) 24(2):129-133

Jacobs BP Browner WS. 2000. Ginkgo biloba: a living fossil J .
Am J Med 108:341-342

Jiang 1( ) Zhang WC( ). 1998. Effects of hormones on
callus induction of Ginkgo biloba(

) J . Chin Fruu( ) (2):30-31

Liu WH( ) Chen M( ) Liao ZH( )

2007. Advances in studies on biosynthetic pathway and biotech—

et al.

nology of ginkgolides(

) J . Chin Trad Herb Drugs( ) 38(6):941-
945
Luo YY( ) Jia YJ( ). 2001. In vitro culture of buds
of Ginkgo biloba( ) T
Sichuan Univ( ) 38(3):412-416
Qing GW( ) Cao XY( ) Zhang J( ) et al. 2011.

Callus culture from young leaves of Ginkgo biloba and flavonoids
content in the calli cultured in light or dark conditions(

) J . J Shaanxi
) 27(1):71-76

) . 2008. Research progress on

Univ Technol(
Rui HY( ) Gu GP(

polysaccharides from Ginkgo biloba leaves(

) J Chin  Wild Plant Res (
) 27(4):11-13
Sha B( ) Qi XX( ) Wei X( ) et al. 2007. Relation

between endogenous hormones in bud and on-year or off-year fruit—

ing of Ginkgo biloba( )
J . Guihaia( ) 27(4) :638-642
Sun NN( ) Xu F( ) Huang XH( ) et al.

2011. Advances in tissue culture and molecular biology of sec—
ondary metabolism in Ginkgo biloba(
) J . Guizhou Agric Sci(
) 39(10) :27-31
Van Beek TA Scheeren HA Rantio T et al. 1991. Determination of
ginkgolides and bilobalide in Ginkgo biloba leaves and phytophar—
maceuticals J . J Chromat 543:375-387

Wang FJ( ). 2010. Review of the investigation on fla—
vonoids of Ginkgo leaves ( )
J . Northwest Pharm J( ) 25(2):155-156
Xu GB( ) He F( ) Chen LC( ). 1999. Study

of callus induction and subculture for maidenhair trees(
) J . J Centr South For Univ(
) 19(3):32-37
Yang I( ). 2000. In vitro calli induction and flavonoids forma—
tion of Ginkgo biloba(
) J . Nat Prod Res Dev(
(3) :48-51
Zhang JC(
and proliferation of callus from Ginkgo biloba(
) I . J Chongqing Teachnol Coll(
) 16(3):41-48

) 13

). 1999. Studies on the effects of the induction



