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Trade-off strategies of rhizomatous clonal species Inula salsoloides in response to

sand burial in arid sand dunes
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1 College of Forestry, Henan Agricultural University, Zhengzhou 450046, China
2 Experimental Center of Desert Forestry, Chinese Academy Forestry, Dengkou 015200, China

Abstract: Due to their various advantages such as strong lateral spread ability, physiological integration, resource foraging
behavior, and risk-spreading strategies, rhizomatous clonal species dominate sand dune ecosystems, and play an important
role in the vegetation restoration and reconstruction of sandy regions. However, the trade-off strategies among different
structures and functions of rhizomatous clonal species in response to aeolian disturbance have not yet been fully discussed.
Thus in this study we selected the dominant rhizomatous clonal species Inula salsoloides on fixed sand dunes in the Ulanbuh
desert as the target species. By investigating the growth pattern (reproductive growth vs. vegetative growth) , reproductive
strategy ( sexual reproduction vs. vegetative reproduction), and clonal growth form ( vertical growth by tiller buds vs.
horizontal growth by rhizome buds) under different sand burial depths, we aimed to explore the key potential trade-off
strategies of rhizomatous clonal species in response to the sandy environment. Results showed that with the increasing sand

burial depth, the number and biomass of reproductive shoots significantly increased while there were no obvious changes in
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vegetative shoots, but their relative proportions showed an opposite trend. The number and biomass of inflorescences
significantly increased but there were no significant changes in those of belowground buds, the number ratio and biomass
ratio of inflorescences significantly increased but those of belowground buds decreased with the increasing sand burial depth.
As regard with the belowground bud bank composition, the number, biomass, and their relative proportion of rhizome buds
significantly decreased but those of tiller buds significantly increased with the increasing sand burial depth. Our study
indicates that this rhizomatous clonal species has evolved a variety of key trade-offs to adapt to the sandy environment in arid
sand dunes. Specifically, this rhizomatous clonal species tends to more proceed reproductive growth, enhance sexual
reproduction potential, and adopt more vertical growth ability by increasing tiller buds with the increasing sand burial depth.
This study preliminarily elucidates the key trade-offs of rhizomatous clonal species in response to sandy environment, and it
not only provides an important theoretical basis for predicting clonal plant population structure and community dynamics,

but also offers practical guidance for implementing vegetation restoration measures in arid sandy areas.

Key Words: arid sand dune; clonal plant; aeolian disturbance; resource allocation; trade-off strategy
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Fig.1 Schematic representation of belowground and

aboveground organs in Inula salsoloides
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Fig.2 Changes in the number, biomass and their proportions of reproductive- and vegetative shoots in Inula salsoloides with sand

burial depth
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Fig.3 Changes in the number, biomass and their proportions of buds and panicles in Inula salsoloides with sand burial depth
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Fig.4 Changes in the number, biomass and their proportions of rhizome- and tiller buds in Inula salsoloides with sand burial depth

H A B A 45 78 R R R AN AR AR o BV IR R AL R B P ANE B A B A K S
B ERAE— R LA G R TP A T i T A TR B A K, — D TR A5 35 T4 R 3 B
IKAY 25, 5y — Ty T Ao 35 A B A K DT I 227 A T 21k B VDR AR R AR B e VAN
L7 R IR ) R T SR A K DR UE T R XK A i R R R A . BRI R, FE TR T AL
FIHT ( Cynanchum komarovii ) IR 1) T~ 45 w8 AE 5 A= K W8 P50 e, Tl k385 35 A K A g Bt o 190 8 8 88 o i o s 2
P L A T, T AR A v S e R R A B A K S IR A K Z TR G FR AR G IR B AR, 1A R S R £
PR T8 R A K MRIESE P 8 AR RIS AE 0 5 2 080 o0 e 28 A6 FB A 4 DAk g AR 1%, BRIV 3 3o 9 2 8 97
A K AR Bl A K 22 T Y 06 2R LA BRI RS A AR A 0
3.2 UHEVREEASIL A M B 5 IR B AU

SR T A A Rh AT A A, Ol I A A (2R ) MEAT R 3R S, WA R Ty S AR K
X IRBE A E AR, P RE 25 WA A R [ RS a0 5 40 T B0 S g ARG 4 i)k BUAE Y
H T ZERAHSCHR R PTG AR 25 70 v AR A 1) A MR 00 5 8 SR i ), SR R B, Bl VD SRR B RN, 2T ANME
P HCR AN AE N, 2R R O AR A R RN, AR R IRV ROk
R AR TR AR R T Y MRS A R AR, S0P N SE s B DR L A P B R A K
TR S B B AR AR B S R AN A AR B IR B YOS VR BN A B SR 2K 4 SR
43 AEFEAE D) AR A KT R BRI TE B T 22 IR AE R | B R P Rh 2R R BRI (B 7 5 2F) Ay
(SRS REN ey I TT(TE: LI 1A

A6 5 JE 2R (R 5 R A 9 R T 7 L Bl P SR B 114 A s 78 A R 6 I 38 1 AN M 0 5 8 77 A [ A7
TR ER , BRI, VD TP i 2 AR 3 B0 3K o S M ) T 7 A 8 2 A R AT M
DAk B ARV AR BT TR B VD H P T /K il 7™ o EL XU P R R 2 JH R 1] £ B AR 25 3 1 R L
BRI LSRRI SRR . CA IR UESE A AR 6 IR 038 5 TG i) B A% 3 ok 8 o A A
CHE AR E R BRI LR S AT AEE VDA R A5 28 TR Z ) v PR XS A K 4y
Mt BTN T A MR AR 5 A W e 4 N, S — AR B L TR RR AR RE T T A T (R BN AT R

http ; //www.ecologica.cn



15 1 AN AT R VD IR ZE R ST AR TR L Y T AL S 7

GG L) BRI RSN TR, AR PR DI R R KSR R, A R A R S
BRI A PR GG, 25 AE Dy 78 SR SO A SR 5 ¥ ) AR AR, T BE S 2 B KA ] T AR - £
(benefit-cost) JEF ™ FFAMIT 1] 058 A % BAH S ), R I SCF B0 S AR Wt LB VD SR Y
JITTDBR/)N o I R AR 2R TR e A ) ) e e R SR R, AU A B B IR S 2 R A S AR DA R T
SRRBEARAE AR HAED B A5 AR GEh AR5 PR AR 1) — T EE AL
3.3 UhHRIRRE AL T AR K G K R AL A

T SEFE R P R AR PR AR BT A A S O VD AR AR ARG MR 2R D A e AR Y A
ERE S TR SR, ORI 5 R s AR A R R o B A= K kv B AR R 5 U 1 T AT 24
FEAR A 70 BE 2 AU FAB R B A= W7, T /KPR 25 AR 28 25 S AR AR o) A= R0 g v AL e aod 1 3
TR/ NG LA, BT S B R KA R AREX VDT ) A R A S BE SO N A )
VD SR R R R AR ZE 2R A AR R R R, AR R, RHK o a5 X T
TSGR DXAEYIAEG AR SRR AT A OB R 2R 7T S ae T AR 25 28 o B AR A 0 1) T i A i AR 2K
PHAHRE ) AR S R N = BRI - 3Kk 4 ) R AR AR BE VBT BT Fh T /K 43 a2 A Mt 1) T
7 A AR ZE 2 HEA TR 1] 5K LA RIS 20 e 0 5 B VD VR B B, 39K 3 T30 75 30 2 it | 1R DU 1)
TN B AR TS DR A A AR D T

S AMREEZE S 3 BEZF AR AN AR Wy AR 7 LU BE VD SR % 1 52 B S s A SR A
AR P-4 R B A7 A — R R B A LIS P e, BHRID YD v e AR S R G i R ZF R RITFE R B
TR VDI A BT A A AP BEF  MTAR S 2E XK A s SO U X S RAT I B R R B, B
WRoR R R I, VAR Se e s R P 25 AE 2 T 500 e b 3 ELRDKOP A K Z AR AU A6 ™ SV B A
i e B A WERR B VDR A T Tk A X SERF e S SR S AR S R e W] AR 2 A s A )
T T VR B R A AR SR, SR IR AR A 5 K TR 2 T A SR s e 1o o b BT e R R E i e LA
PRSP RS PR O LEATRE ST, DR RERh R L 15 5 0T

4 #ig

ABIFTE AR A AR Ry | BRI 5 b B A A Y = 2 Sl A F 5 5 0 DX R AR 25 o o A iy 2
TAMES AR -E IR AP STE -5 IR B0 T B AR KK R 2 8] 5 R T VDB R B A AR AU SR
By 1 AR ST AR ) XD S DIE ) S SREAS A SRS, AR5 A B, BB D T AR JRE I AR 25 TR e A ) 2 A M
[ T4 B 2 BRI A B AR G A i e 3 i A 1k SRARVE ) A= A A 1) O 3l s AN R A 85, I e 3 i o B
2R L S B TR A4 3 AR R RE T DIIRAE YD AR50 2 B ] AR S T e B AR 3k b A B
S SR G AR A B T Bl s B A Ay K R AR 2 B R B, Sy TN R 25 8 g B AL P R 2 4 5 A v
BV L A R XA AL 5 T R A SRR

£ 3L Hf ( References) :

[ 1] Laitinen R A E, Nikoloski Z. Strategies to identify and dissect trade-offs in plants. Molecular Ecology, 2024, 33(10) : e16780.

[2] $MER, g2, BRRbS, LW, KE. MWARDIBE R AU RUT STk, M A-244], 2023, 47(8) : 1055-1070.

[3 Chen J G, Engbersen N, Stefan L, Schmid B, Sun H, Schisb C. Diversity increases yield but reduces harvest index in crop mixtures. Nature
Plants, 2021, 7(7) : 893-898.

(4] BEL, Bea, HEF, HIE, LT B ZE R A A FIR (LU B i ik R n b LB AM BCAT S . s~ 4l, 2012, 20(2) : 221-228.

[5] TV, E30H, &5, DRIk, 22080 YL KT 4846 W19 U5 43 e X4 i o P AL IRE R 2= 24k . FHARBIER, 2017, 53(3) -
83-87.

[ 6] Funk J L, Cornwell W K. Leaf traits within communities: context may affect the mapping of traits to function. Ecology, 2013, 94(9) . 1893-1897.

[ 7] Std, $hmihe, S, &, WHE, e, TR, BBk A oA YA/ N 4 i I i s e . Wi Tpkol BHE: , 2021,
41(2) ; 47-52.

81 CJRAEM, PURLMEE, WG, BEPRDE. WK AR AR SE AR A A S8 1SRRI SR AU Y A . AR AR AR, 2007, (4) @ 658-664.
[ 9] Jah, skel, BB, HARdE MBeP RPN RSB ERE TR A KIIFE. FbE, 2011, 19(3) : 372-376.

http ; //www.ecologica.cn



8 G 45 %

[10] Rautiainen P, Koivula K, Hyvirinen M. The effect of within-genet and between-genet competition on sexual reproduction and vegetative spread in
Potentilla anserina ssp. egedii. Journal of Ecology, 2004, 92(3) . 505-511.

[11] MaQ, Qian J Q, Tian L, Liu Z M. Responses of belowground bud bank to disturbance and stress in the sand dune ecosystem. Ecological
Indicators, 2019, 106. 105521.

[12] k4G, W AREYIB A 5 A PR O PR PRI ) B8 SCIRTAT. PRBR A SCHEE, 2015, (18) ; 221.

[13]  skbede, SRE M, RABkEL, &, KRG, B, T 5, BT STREAE XS T A B 0 N X SRAF T . AR SRR, 2022, 42(10) .
4255-4266.

[14]  XIRZL. SCRERe S SR vb M AR S A N —— B SR UP R G D], dbat. PEBABAYBIFAT, 2007.

[15] BaCQ, Zhai S S, Qian J Q, Liu B, Zhu J L, Liu Z M. Trade-offs in growth and reproduction of rhizomatous clonal plant Phragmites communis in
response to aeolian processes. Journal of Plant Ecology, 2024, 17(1) : rtad043.

[16] Liu B, LiuZ M, Wang L X, Wang Z N. Responses of rhizomatous grass Phragmites communis to wind erosion: effects on biomass allocation. Plant
and Soil, 2014, 380(1) : 389-398.

(17] #HWE, F7H, Bd, K&, FEY, g, TS0 X TR Y BN ZE 40 5 A i I P SR . NSl R 2 i ( A 8B
M), 2022, 53(6) . 621-628.

(18] VoybkHa, JiJJoke, MXIEI. 5 22 A5 R0 I RAE 9 (9 53 A5 4% Jm) B HVE fb. B mtbll R 223 ( AR |, 2024, 48(1) : 155-160.

[19] SBFA, EWR, CREE, 509 sk, SRR, T 500 YDA Yy 5 4 IOAR Jn) 55 SERE A OB A T S MRS vh S A w7 . P 52 1ty K2
e FARBHERR) | 2022, 53(3) : 283-289.

[20] PEFPHERTH EREYEREZE RS D EEYE-SN T T, B0 deat. BeEii e, 1993, 278.

[21] ®AFHFE, Bil, W, AL, REDIESTIASE B 0. b EYE, 2022, 42(5) @ 63-72.

[22] Miiller I, Schmid B, Weiner J. The effect of nutrient availability on biomass allocation patterns in 27 species of herbaceous plants. Perspectives in
Plant Ecology, Evolution and Systematics, 2000, 3(2) . 115-127.

[23] Ritterbusch D. Growth patterns of reed ( Phragmites australis) ; the development of reed stands in carp ponds. Aquaculture International, 2007, 15
(3): 191-199.

[24] LiZM, WuJF, Han Q, Nie K'Y, Xie JN, Li Y F, Wang X Y, Du H B, Wang D L, Liu J S. Nitrogen and litter addition decreased sexual
reproduction and increased clonal propagation in grasslands. Oecologia, 2021, 195(1) . 131-144.

[25] XIRR, KREFE, TRE D RO RIEAREERR. MAESY, 2024, 35(1) : 1-7.

[26] W, Y, W, FAER, XS 2 7€0b 80 [ b A 76 10 Fo A 1) s 55 B0 i) 7K J3 FURTRRAE. A2 25244, 2021, 41(15) .
6215-6226.

[27] SBFH. TRV XA 5w AR Y VD HEXT Vb A= SR EE Y me SRR E [ D] TRk K2z, 2022.

(28] FH2F4E. BRIGEE T e U 57 bR 0 19 22 S A B R AE BRI ST . o [ e 2244 ( FLARBEERR) , 2020, 50(7) + 74-81.

[29] Xu L, YuF H, Werger M, Dong M, Anten N R. Interactive effects of mechanical stress, sand burial and defoliation on growth and mechanical
properties in Cynanchum komarovii. Plant Biology, 2013, 15(1) . 126-134.

[30] Weiner J, Campbell L. G, Pino J, Echarte L. The allometry of reproduction within plant populations. Journal of Ecology, 2009, 97 (6) .
1220-1233.

[31] Wang Y C, Alberto B C, Jiang D M, Ala M S, Li X H, Zhou Q L, Lin J X, Ren G H, Jia L. The role of sexual vs. asexual recruitment of
Artemisia wudanica in transition zone habitats between inter-dune Lowlands and active dunes in Inner Mongolia, China. Solid Earth, 2016, 7(2) :
621-629.

[32] KlimeSova J, Klime§ L. Bud banks and their role in vegetative regeneration: A literature review and proposal for simple classification and
assessment. Perspectives in Plant Ecology, Evolution and Systematics, 2007, 8(3) . 115-129.

[33] Mitchell M L, Stodart B J, Virgona J] M. Genetic diversity within a population of Microlaena stipoides, as revealed by AFLP markers. Australian
Journal of Botany, 2014, 62(7) . 580.

[34] FEHuR, FORW, B2, 2084, SRk, BE R HORFM T KA B T 3K A A RAE KB i R Aol TR, 2021, 37
(12) . 108-116.

[35] Stuefer J F, During H J, Schieving F. A model on optimal root-shoot allocation and water transport in clonal plants. Ecological Modelling, 1998,
111(2/3) : 171-186.

[36] e, MR, M. LR A AR, 425283, 2010, 30(11) : 3028-3036.

[37] ks, BRI IA X ARAEY) B AMEZm [ D] Jbnt. hEBABEE, 2019.

[38] Vesk P A, Westoby M. Funding the bud bank: a review of the costs of buds. Oikos, 2004, 106( 1) : 200-208.

[39] Hartnett D, Setshogo M, Dalgleish H. Bud banks of perennial savanna grasses in Botswana.. African Journal of Ecology, 2006, 44(2) : 256-263.

[40] Bl , B, BRe, XM, Cuk, B, FIEXHEA U B b T B AR I 5. R FH BB, 2019, (13) @ 93-96.

[41] WA, FHK, WEE, SR, IRAM A, Tk, SEREAEYZS A4 B BB S R R Folk R, 2020, 37(11) : 1-12.

[42] WhRH, sk, SHREREE - MW, B ATE. HAFRFERH AR, A%, 2021, 45(1) : 1-12.

[43] Meehl G A, Tebaldi C. More intense, more frequent, and longer lasting heat waves in the 21st century. Science, 2004, 305(5686) : 994-997.

(441 WRBE, WZEHL, BLACOMR. TIEM S K 06 BT B A ) 5 A FCAR RIS, TR XA 5T, 2014, 32(3) : 203-208.

[45] RS, REW, KA, 2. 2 Fhd R YIS FHEX RS AR . ILEY 4, 2016, 36(4) : 796-803.

[46] Han Q, Bouma T J, Brun F G, Suykerbuyk W, van Katwijk M M. Resilience of Zostera noltii to burial or erosion disturbances. Marine Ecology
Progress Series, 2012, 449, 133-143.

[47] WRESHME, EEIE, KA, RIFI7. ISR XRHR IS M 2 E VY w2, A 282% 40, 2015, 35(9) @ 2985-2992.

[48] WangZ W, Xu A K, Zhu T C. Plasticity in bud demography of a rhizomatous clonal plant Leymus chinensis L. in response to soil water status.

Journal of Plant Biology, 2008, 51(2) : 102-107.

http ; //www.ecologica.cn



