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Abstract: This study aimed to elucidate the effects of heterogeneous habitats on the reproductive strategies of
clonal plants. By using the clonal bunchgrass Elymus excelsus in the Songnen Plain as the research objects,
three habitats, roadside (H1) , riverside (H2) and meadow (H3) were established. The number of ramets,
biomass, and reproductive traits were measured at the maturity stage and the post-fruiting stage. The results
showed that, at the maturity stage, the number of reproductive ramets in H3, the height of reproductive ramets
in H2 and H3, as well as inflorescence biomass and reproductive allocation II across all habitats, were signifi-
cantly higher than those at the post-fruiting stage (P<C0.05). Significant differences in numerical and biomass
traits were observed among different habitats. Overall, plants in H1 exhibited the best performance in reproduc-
tive and vegetative ramet number and biomass. In contrast, plants in H2 and H3 showed divergent patterns in
growth and reproduction, with most reproductive traits in roadside habitats exceeding those in meadow habitats
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despite smaller tuft size. With the increasing of tuft size, the number and biomass of vegetative ramets, repro-
ductive ramets and total ramets exhibited significant linear relationships across habitats and growth stages (P<<
0.05). The results indicate that E. excelsus adapts to heterogeneous habitats by flexibly adjusting its numerical

traits and biomass allocation.
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Table 1 Comparison of quantitative traits and plasticity of Elymus excelsus in three habitats and two growth stages

Ptk Trait

LB W Growth stage

H: 1% Habitat SEIE AR EZE Mean+SD AR RECV/ %

MAF% Tuft size/cm SEIY

Maturity stage

R E R

Post-fruiting stage

A 5 MR B Number of reproductive ramets/ > 56 A

Maturity stage

IR E Y

Post-fruiting stage

Maturity stage

B IR MR B Number of vegetative ramets/ 4>

A5 H SR

Post-fruiting stage

ik B8R Total number of ramets/ 4 5E By

Maturity stage

A5 B R

Post-fruiting stage

Maturity stage

A5 Bk 5 Height of reproductive ramets/cm

A5 E R

Post-fruiting stage

T4 Spike length/cm S

Maturity stage

RJeE IR

Post-fruiting stage

% 5% Roadside 5.45+0.90" 16.49
W1 Riverside 6.94+1.12° 16.13
i) Meadow 6.15+1.09" 17.70
oadsiae . 0. .
{55 Roadsid 5.8940.63" 10.72
W1 Riverside 7.0740.95" 13.42
i fi] Meadow 6.26+0.98" 15.66
oadsiae . Tz, .
5% Roadsid 8.8042.70" 30.68
W1 Riverside 13.3042.31° 17.38
i fi] Meadow 9.30+1.83" 19.67
57 Roadside 80 2. .
5% Roadsid 7.8042.44" 31.28
W1 Riverside 13.3042.36° 17.74
4 Meadow 7.40+2.17" 29.34
77 Roadside .60 3. .
%55 Roadsid 9.6043.13° 32.65
W1 Riverside 15.7042.45 15.62
4 Meadow 12.6043.95" 31.35
57 Roadside 80 1. .0
%55 Roadsid 9.80+1.62" 16.52
1 Riverside 14.5042.80° 19.30
i fa) Meadow 11.60£2.37" 20.40
%52 Roadside 18.4044.88" 26.53
31 Riverside 29.00+3.30" 11.38
#i48) Meadow 21.90+4.33" 19.78
%52 Roadside 17.6042.55 14.47
1 Riverside 27.80-43.49" 12.55
#i48) Meadow 19.0043.37" 17.72
%55 Roadside 97.234+6.86" 7.06
Wl 1 Riverside 113.80+9.93" 8.72
# ) Meadow 85.474+4.62¢" 5.41
%52 Roadside 97.774+6.14" 6.28
il Riverside 103.574+9.97¢ 9.63
#i48) Meadow 80.73+4.62" 5.72
%52 Roadside 13.6841.19" 8.73
Wl 1 Riverside 15.88+1.45 9.12
i fa] Meadow 11.8141.38¢ 11.68
%52 Roadside 13.2640.97° 7.28
W1 Riverside 12.14+1.63" 13.44
i 41) Meadow 10.4942.27 21.65
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Note: Different capital letters indicate significant difference among habitats under the same growth stages at the 0. 05 level. *indicate signifi-

cant difference among growth stages under the same habitat at the 0. 05 level. The same as in the following table
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Table 2 Biomass accumulation in Elymus excelsus in three habitats and two growth stages

MR Trait HH M Growth stage

= 55 Habitat FIE AR EZE Mean+=SD R A CV/%

Maturity stage

167 4 W it Inflorescence biomass/g

R E R

Post-fruiting stage

A SRR A P ik

Reproductive ramet biomass/g

Maturity stage

RIGE R

Post-fruiting stage

Maturity stage

IR Vegetative shoot biomass/g

A5 R

Post-fruiting stage

SrEEM R SEAY

Maturity stage

: )it Total ramet biomass/g

A5 B R

Post-fruiting stage

51 43 e 1 Reproductive allocation 1/ % SEE

Maturity stage

RJe IR

Post-fruiting stage

Maturity stage

A5 43 Bt 11 Reproductive allocation 11/ %

RJGE R
Post-fruiting stage

% 5% Roadside 2.22+0.57"" 25.81
W1 Riverside 5.284+1.64" 31.12
i) Meadow 1.834-0.94" 47.13
oadsiae . 0. .
%55 Roadsid 0.9140.44" 53.57
W1 Riverside 2.3140.84" 36.29
i) Meadow 0.894-0.38" 39.96
oadsiae . Tz, .
%55 Roadsid 11.69+2.38" 20.36
W1 Riverside 16.35+5.25" 32.09
#ifi] Meadow 10.294-2.89" 28.09
57 Roadside 0l=x2. .
5% Roadsid 10.01+2.37" 23.70
W1 Riverside 13.60+2.88" 21.21
4548 Meadow 9.34+1.30" 13.88
77 Roadside Box 1.5 .
%55 Roadsid 4.354+1.51"" 34.72
W1 Riverside 7.26+2.29" 31.54
) Meadow 4.87+1.72° 35.31
57 Roadside 15205 .
%55 Roadsid 3.15+0.51° 16.13
W1 Riverside 5.81+0.75" 12.90
i 48) Meadow 4.034+1.05" 26.04
%52 Roadside 16.0443.00"" 18.74
31 Riverside 23.61+6.83" 28.92
#i48) Meadow 15.17+2.50 16.48
%52 Roadside 13.16+£2.72" 20.69
1 Riverside 19.414+2.68" 13.81
#i48) Meadow 13.3741.52 11.34
%55 Roadside 73.12+7.75° 10.60
Wl 1 Riverside 69.02+6.03" 8.74
{1 Meadow 67.184+12.01° 17.88
%52 Roadside 75.74+3.27° 4.32
i1 Riverside 69.42-+6.66" 9.59
# {1 Meadow 69.9546.53" 9.34
%52 Roadside 19.69+2.07"" 10.51
Wl i1 Riverside 33.4342.70*" 8.07
#i48) Meadow 17.714+1.45" 8.18
%52 Roadside 9.41+1.28" 13.57
Wl 1 Riverside 17.284+2.05° 11.85
#i41) Meadow 9.46+2.94" 9.93
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Fig.1 Over-wintering modules of Elymus excelsus during

the post-fruiting stage in three habitats
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Fig.2 Relationships between tuft size and ramet quantitative characteristics in three habitats and two growth stages
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Fig. 3 Relationships between tuft size and ramet biomass characteristics in three habitats and two growth stages
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Fig.4 Relationships between tuft size and ramet overwintering modules across three habitats during two growth stages

WEOE A 3L A 1 BT B B WA . Mk
R 5 452 BT A 2 5R B3
B 3 1 0 G AL 5 o OG0 T B

{55/

S % 3Tk

[1]

NIKLAS K J, COBB E D. The evolutionary ecology (evo-

2017,31(3):317-332
[2]

eco) of plant asexual reproduction[J].

Evolutionary Ecology,

RV 8 2RI 2 RABOP ISR IR AR BT R T A R A

BEMACERAE S TIET]. RbA,2025,33(11):3690-3697
SONG J M,CHU L S,LI H Y, et al. Research on the quantita-

tive characteristics dynamics of reproductive ramets of Leymus chi-

nensis populations under different habitats in Songnen Plain [J].

Acta Agrestia Sinica, 2025, 33(11) :3690-3697



55 8 1) Pz 08 4 < W T TR [ A 358 A 48 s M R A R S R AIE Y R 2907
[3] TS, FIESC, 2N, % . TR A B8 b o B R 4 1) B i T e B T AR ML A BT [T, B MR, 2024, 32(6) ¢ 1702-

[9]

[12]

[13]

[ [T]. ARSI, 2005, 24(6) :670-676

WANG H Y, WANG Z W, LI L H, et al. Reproductive ten-
dency of clonal plants in various habitats[J]. Chinese Journal of
Ecology,2005,24(6):670-676

FRANKLIN S, ALPERT P, SALGUERO-GOMEZ R, et al.
Next-gen plant clonal ecology[J]. Perspectives in Plant Ecol-
ogy, Evolution and Systematics,2021,49:125601

NG, TR Y AR SRR ET] Y A
#%.2007,31(4):689-694

DONG M, YU F H. Ecological terms and concepts of clonal
plants[J]. Journal of Plant Ecology,2007,31(4):689-694
SHIMIZU T, HATANAKA Y,ZENTOH H, et al. The role
of sexual and clonal reproduction in maintaining population in
Fritillaria camtschatcensis (1..) Ker-Gawl. (Liliaceae) [J].
Ecological Research, 1998,13(1):27-39

VALLADARES F, GIANOLI E, GOMEZ J M. Ecological
limits to plant phenotypic plasticity[J]. New Phytologist, 2007,
176(4) :749-763

LR FY B ARABAR  nk  0 )TR AE L R K S R R
0 3 AR R o R R R R R R R R [T].
24 ,2021,30011):52-61

WANG L L, KUNDUZAY:-TURGUN, MENG G F, et al.
Effect of soil moisture and plant density on vegetative propaga-
tion traits and biomass of Elymus nutans[J]. Acta Prataculturae
Sinica,2021,30(11):52-61

EH R WTEIE, RVHRIF A RS EOT S R A BE SR R
FBE A R A GH R AR 19 H B[], Bl B2, 2025,42(6) £ 1496-
1506

WANG Y L,CHU L S,LIU L L,et al. Comparison of sexual
reproductive characteristics of Leymus chinensis populations in
two habitats of the Songnen Plain, China[J]. Pratacultural Sci-
ence,2025,42:(6):1496-1506

BRAERIE R AR A IROT DR A OGRS A R A
PRESF Y FERELT . [ A 27 41, 2018, 4005) £ 36-42
SHENG J,ZHU Y,LIH Y,et al. Comparison of module struc-
tures of Hierochloe glabra populations in heterogeneous habi-
tats in Songnen Plain of China[J]. Chinese Journal of Grass-
land, 2018,40(5) : 36-42

BRI R, R AR, A M IOT A ) A R T A
RICHE R PF A KA B [T v [R5 2441, 2020, 42(3)
21-29

HUZH,LITH Y,LIC C,etal. Analysis of module of Poa sphon-
dylodes clones at different growth stages in Songnen Plain[J].
Chinese Journal of Grassland,2020,42(3):21-29
SRAFHE SRAR R L PR A, AF L MY B SR R RS B TR e
Pk R G R K [T]. B2, 2012,29(6) £ 978-982
ZHANG C Y,ZHANG C Y,CHEN Y J, et al. Structures and
growth analysis of Puccinellia tenuiflora clone at the vegetative
stage after fruiting in the Songnen Plains of China[J]. Pratacul-
tural Science, 2012,29(6):978-982
TR, AR AN, S R I A e S R

[15

[}

[16

[}

[18]

—
—
Nej

[t

[20]

[22]

1709

WEIY Z,L1JH,SUN X T,et al. Analysis of soil physical and
chemical properties and ion variation rule of saline-alkali
degraded grassland in Songnen[J]. Acta Agrestia Sinica, 2024,
32(6):1702-1709

TN AL, 2 e A7 SRR L AR T I S SO A B R R R B
FHAFAELT]. 1 AR 52441, 2020, 31(1) : 83-88

CHU L S,LTH Y,YANG Y F. Vegetative reproduction char-
acteristics of Leymus chinensis in heterogeneous habitats in
Songnen Plain, Chinal J]. Chinese Journal of Applied Ecology,
2020,31(1):83-88

ARV BT, B R 56 L RO T 4D O R
LEAPEM[T]. B2 4R, 2023,45(1) - 77-87

HE Y T,HU Y,DUAN H R, et al. Comprehensive evaluation of
drought resistance of four Elymus varieties at seedling stage[J].
Chinese Journal of Grassland, 2023,45(1):77-87

R AR R, SR IR SC, A AN TR A R R
A SRR A SR 2R A AR T ). R A AR, 2024, 32(9) £ 2718+
2727

GAO Z Q, WU H F, XU W, et al. Physiological responses
and transcriptomic analysis of Elymus excelsus Turcz. with dif-
ferent drought tolerances under drought stresses [J]. Acta
Agrestia Sinica, 2024,32(9):2718-2727

[ 775V (S VS D L g e s N i R i D TRA R
BERR AT IR T]. B AR AR 24, 2011, 22(4) £ 923-928
GAO Y,YANG Y F. Reproductive tillers phenotypic plasticity
of Elymus excelsus population at different earring time in Song-
nen Plain of Northeast China[J].
Ecology,2011,22(4):923-928
DOU Q W,ZHANG T L, TSUJIMOTO H. Physical mapping

Chinese Journal of Applied

of repetitive sequences and genome analysis in six Elymus spe-
cies by in situ hybridization[ J]. Journal of Systematics and Evo-
lution, 2011,49(4) :347-352

SUGED™ . B 0T 1 Ao AN (] Az 1 A R B 0 3 28 R 2 BRI )
D] K& ARILI KA, 2023:6-7

LIU Z K. Effects of phosphorus application on phenotypic and
physiological characteristics of two Elymus species with differ-
ent growing years[D].
sity, 2023:6-7
WAk RS AR A IOF SN TR R T R A
W 4 19 45 # 3% B B A (). 2R 25 22 i, 2004, 24 (2)
268-273

YANG Y F,ZHANG B T,LIJ D. Structure and development

Changchun: Northeast Normal Univer-

regulation on dormancy modules of Hordeum brevisubulatum
clone on cultivated condition in the Songnen Plains of China
[J]. Acta Ecologica Sinica, 2004 ,24(2) : 268-273

XU B,WANG J N,SHI F S. Impacts of ontogenetic and altitu-
dinal changes on morphological traits and biomass allocation pat-
terns of Fritillaria unibracteata[J]. Journal of Mountain Sci-
ence, 2020,17(1):83-94

GUO J,LIH Y, YANG Y F. Phenotypic plasticity in sexual



2908 ¥ o ¥ 4 %34 %
reproduction based on nutrients supplied from vegetative ramets TIAN X, LI H Y, YANG Y F. Module growth and biomass
in a Leymus chinensis population [J]. Frontiers in Plant Sci- allocation of Chloris virgate clone at different growth stages in
ence,2020,10:1681 Songnen Plain, China[ J]. Chinese Journal of Applied Ecology,

(23] F7 . GUAIT 2 5RO A 5 20 Bk O RRAT 1T 28 4 19 57 23 3 2018,29(3):805-810
WIEABIFE[D]. KA ARG K, 2023:9-10 [29] ASADUZZAMAN M, WU H W,KOETZ E, et al. Phenology
FENG J. In-situ study on the plasticity of quantitative charac- and population differentiation in reproductive plasticity in feath-
teristics of reproductive ramets of Leymus chinensis population ertop Rhodes grass (Chloris virgata Sw.) [J]. Agronomy,
under nitrogen addition [D]. Changchun: Northeast Normal 2022,12(3):736
University,2023:9-10 [30] LUBBE F C, KLIMESOVA J, HENRY H A L. Winter

[24] 290, TR0 ME , SE4 A0 . AN W] AR B8 TR 52 57 1 2 40 4 43 TC AR AIE R belowground: changing winters and the perennating organs of
H Sl A KA BT [T]. 3 AR TS 27 B # 4, 2024,45(12) : 68-75 herbaceous plants[J]. Functional Ecology, 2021, 35(8) : 1627-
LI K,ZHANG L H,MO J G. Characteristics of biomass alloca- 1639
tion and allometric growth analysis of Draba nemorosa L. in dif- [31] WIS A% SO AR R0 G . 7 ook 5% 2% 0 T M0 A B 1 3 Bk A
ferent habitats [J]. Journal of Tonghua Normal University, YRS S ARSI LT] B R, 2019, 36(7) : 1716~
2024,45(12):68-75 1724

[25] YAO X Y,LIU X Y,XU Z G, et al. Effects of light intensity HU ZH,YANG Y F,LI H Y. Biomass allocation and growth
on leaf microstructure and growth of rape seedlings cultivated analysis of Panicum virgatum ramets under two planting condi-
under a combination of red and blue LEDs[J]. Journal of Inte- tions in Songnen Plain[J]. Pratacultural Science, 2019,36(7) :
grative Agriculture, 2017,16(1):97-105 1716-1724

[26] 130, RIGEHE, FULUE, 55 . it ne JspI 34 A R AR A= (KRR [32] PARE BB F B T5 I, 45 7 AR B0 A SBT3 8
XA o3 K a SR A R [T ], e 5 R, 2019, 31(4) : 34-38 PTERM A RS KR [T, w0k %, 2021, 38(11)
WANG Z W, SONG X H, WANG Y H, et al. Response of 2135-2143
growth characteristics of dominant species and constructive spe- PING W M,ZHAO L P,LIANG F H,et al. Effects of grazing
cies in desert grassland to different water content and stocking exclusion years on module structure and growth pattern of Stipa
rate[ J]. Grassland and Prataculture,2019,31(4) :34-38 grandis clones in a typical steppe [J]. Pratacultural Science,

(27] X7 Je , VA, S At , A . O TR) B9 A 950 5 0l DK RS A A A 2021,38(11):2135-2143
NSRRI R DI RE PR A AL AR [T ], Bk~ 4z, 2022, 31(8) [33] BB, XU, 6, 45 . = 9 e B IE K 2T e A K5 A Tk
72-80 BRSSP 7T ). ) Pk, 2022,42(7) 1 1126-1135
LIU W L,XU D M,SHIJ M, et al. Plant cluster structure and ZHAO P,LIU Z Y,WANG N, et al. Clonal growth and sexual
leaf functional characters of Agropyron mongolicum populations reproduction characteristics and influencing factors of Schoeno-
in different plant species associations [J]. Acta Prataculturae plectus tabernaemontani in Yunnan Plateau lakes[J]. Guihaia,
Sinica,2022,31(8):72-80 2022,42(7):1126-1135

(28] HE, 2, b sudE . WA WGP JEOA T A 7 300 e e me e Tk A2

K S s e (7). B A 25 % 4, 2018, 29(3)
805-810

(3¢ 1 % 5



