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Sex differences in response of twig functional traits to wind erosion of Salix

gordejevii in Hunshandake sandy land

ZHANG Sarula, HE Junying, Suyalatu, ZHAO Min, MA Shaowei "
College of Life Science and Technology, Inner Mongolia Normal University, Hohhot 010022, China

Abstract; Trade-off relationships among plant functional traits are key variables for revealing plant growth strategies and
resource allocation patterns and exploring the underlying mechanisms of their physiological and ecological processes.
Dioecious plants have been considered to be a consequence of different requirements for disseminating pollen and producing
fruits and seeds, and played major roles in maintaining the function of terrestrial ecosystems. Previous studies have shown
that sexual differences in trade-off relationships among twig components in dioecious species existed, and females tended to
have more photosynthetic organ area, mass and stoichiometric element contents than males. The trade-off relationships were
not only determined by the genetic characteristics of plants, but also influenced by external environmental factors. However,
little attention has been paid to sex differences in the response of functional traits to habitat in dioecious plants. To explore
the sex differences, male and female Salix gordejevii shrubs growing on inter-dune land (no erosion) and on the windward
slope (20 ¢m wind erosion) of the dune in Hunshandake Sandy Land were chosen and their twig functional traits, such as
lamina mass, lamina area, petiole mass, and stem mass were measured, respectively. The results showed that at the twig

level, the trade-offs between stem mass and total leaf mass of males and females in control condition were beneficial for total
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leaf mass, while that in wind erosion group were beneficial for stem mass. The trade-off values of females were 4.3 times and
3.7 times that of males, respectively. The trade-offs between stem mass and total leaf area in both sexes were beneficial for
stem mass under control and wind erosion condition, and there was no difference in the trade-off value between the sexes. At
the leaf level, the negative impact of wind erosion on males was greater than that on females in growth of lamina area under
the same lamina mass. Furthermore, an isometric relationship between lamina mass and petiole mass was existed in females,
while an allometric relationship with a slope <1.0 was existed in males. In the wind erosion condition, the accumulation rate
of lamina mass in females was faster than that in males under the same petiole mass. Our results demonstrated that the
relationships among twig functional traits of male and female S. gordejevii had different responses to wind erosion, with
females tending to invest more resources in the growth of photosynthetic organs than males. Meanwhile, wind erosion
inhibited the growth of photosynthetic organs more in males than in females. These reflected resource allocation strategy and

environmental adaptation in both sexes.

Key Words: Salix gordejevii; dioecious; wind erosion; functional traits; allometric growth; trade-off

FE YD REHEAR IR D B A AR BN A= 36 s BAT AR SR AR /R VE T R I R A SR Al ko aa
WYy S REMAR S AEAR TR AL A OC 2R B AT LA T A A 400 o QAT R A BIR 3 5 U505 B 03 P 28 45 e B LA DR IE AR R 38
B PO T B, 38 T AR A e 8 A o LA K R IO A A AR R R /IR, I LR AR A R A A
AR TR A3 R B AR B SR BRI AL G W T Sl e, RS RE ) AT B S LA ) 0 BR B
AR R, 7R AR A DR A S AR T R B A AT SR I RO AR S 5 v, 2208 et S A K S A M R /R
ARIE) BOASUAE O 25, LA RIS M A S TR A58 m R P 0 R A0 BE T AN R4 e S IR, B g /R T g MR
FRAE B PR TR AU G 22 %68 Sz B 4 7 A A0 1) A T s 0P SRR B S

AR e S R AT ) 2 b s it b A 25 AR 0 1 B A TR A, 29 5 R A S 6% , X DR AP R 22 R L 4
FES R RE A TAEREMERD . TR 5, XY MR R e S AR K R IR
SR VA B B A ST LA W S A 0 2 5 O IR R A A e ok 4 T R IR S5 14 /N B LT SRR
W 2Z B A 5 FR WA A 22 5, MERRTE AR [R] SO B i B R B0 A B T AR BT[] Ao 0 75 22
AR R B R AR i MO A AR A S B A AR R T SR, S RE MR 1] A OG R R
T HAEY) A B R U IR 2 AR RS R o ) (EL RS e S AR T R IR T 14 06 R X A
5 ] 17 ) A 531 22 e 3 i /D

M ( Salix gordejevii) K J& T MR ( Salicaceae ) Ml iE ( Salix ) , 2 ML FI { ke SRR A Y, BAA A2 Kok i
T8 BRI R m XD R B )T AP B — TR VD XA AR BRI A
Al AR TR T AR S R B, KU RS, o MM AR L ik EL A iR A O R A
B G A VE A DR TIEAE R 0 4 DT Z B H b M R S8R 4 B XU R P12 08 e A T Al A
AINKCTIRE PR ARAN A DG Z2 0F XU P53 14 e 1 A, A7 2 S, AR A0 o) T B IR R SR AL B a AR b, Bt
AT LIAS ] A= 58T B B R AR AR S A TR G, R R S/ VB 2% D) RE AR 22 [A] AU OC R AT 40, L) S 4
7N BRG0P DR [0) DX 28 K DRk PR 5 e 7 ) 4 5310 25 5 I 45 SR T S 4 9 O Al S AR AL 0 T P AL AR
P53 BOAR 2 (AL Y Lt

1 HRETE

1.1 BT XA

IR DX AN T 14 38 3K T 0 b b TF 5 S P4 (41°56'—43°117 N, 115°00'—116°42" E) , J& iR K Fite 2=
WS R, & ZF8 B K AZRPENE, AR 1.7 °C Wi i I 35.9 °C , #om s KR -36.6 <C ,F
P H MBTE 3037 h, =10 CAERLE R 2000 °C 5 45 ¥R K & R 355 mm, EEELEHAE 7—9 H, 295 24FE 1
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80%—90% ; X7 K H 0 1931.4 mm; JTEFEI 110 d; 4P XE 4 m/s, FE XA A PEIL R, TR F PR
SRR HAE , LHERROR RS L H oA bt AR SR BO 6, W WA A U A (Ulmus pumila
var. sabulosa) M /NI M (S. microstachya var. bordensis) | #3 VV & ( Artemisia halodendron) | = ¥ ( Leymus
chinensis) B EBZER K (Potentilla acaulis) K&FR T ( Cleistogenes squarrosa ) gelizl
1.2 st S5 E ik

ARG LL 2019 AETEE IR SO Vb IR 2h V0 Fr b FF- 40 bR ) A0 N AR A SRt , T4 16, F R BE 2958 50
em [AFREIR A L3 L ERZ 5 om #REE THLEE . 2023 4F 4 A (BAEI) R4 A E (FREALT ) WIE
Fric AR TE Fr ) (Oof BRZH ) AW XU ( XUk 2H ) b B ARPE ] [R)4F 8 H i HE di i i AR B B AR B DA B T
TEIBONS EZH A XUt 20 11X AR, FerbodS RRAH AR AR TOU AR BRER AR BE AT 5 em (TC UML) | IXUDt 2 $7 AR TP AR i A
FEHR 25 em (AU 20 em) . FERFAFEL T 23 AR AR IE 5 JC U] i R A ME R AR & 10 BRAE A AERR , 3
T 40 #k, SR Z I BE B A /NT 5 my JRURE I D A3 BRAF R PG 78 R AR L 3—4 AN A S o 230 A5 1Y 25 4R 2 /R
W /IR ZE R BT A B (i AR 0 Sl BEAT ORIV I R | i R T AR AR R A T I SR A
W BE SRR R R 300 T 60 °C BYMERE hHE T 24 h ZAE | HI 04 KPR

A IFEFEARINE - K & B R I BE T AR 2 58 pH {ER A pH TN 5 A BLBE &l E
RN ERS IR A B 2R S B E R FHICR /B 02, Al & 1 i 5 SR FH AR BT b (81 | 2 25 1 i U
R IMEICEE A . HARRE AL W2 1,

F1 B HIEREET

Table 1 Soil environmental factors of each sampling site

HBE KR/ % . HHLF/ (g/ke) 2R/ (g/kg) LW/ (g/kg) 48/ (g/kg)
Condition Soil water content P Organic matter Total N Total P Total K

Xt B Control 4.52+0.30a 6.51+0.08b 0.68+0.09a 0.04+0.01a 0.04+0.01a 24.57+1.06a
K Wind erosion 1.21+0.07b 6.84+0.06a 0.56£0.04a 0.04+0.01a 0.05+0.01a 26.36+0.55a

DN LA AR RS (T 1R 5 [R50 58 (ELAN 7] 7 3R A [R) A S ] [R] —H8 45 A 0.05 /KT 2257 3%

1.3 Bl
TERE 73T HT, Se i SRS/ M R R AE R SR (H, SR SPSS 18.0 1 A4: rh BRI 2K 5 2243 BT (one-
way ANOVA) Y Duncan 25 5 WCERG S5 (V- X EL e FRTHEDR ) | BUBOAN [A) A 555 Ml R AR R 25 AR B 1) 22 5
1.3.1 U ETTE
g 5 b 2 7S BRHMDIR A AT , 2R ] Bradford & D’ Amato ST f— TS AUE (1Y 7 vE " BEATHEL,
AR L M, L 5 M ORI IR A, FORRHEAL A A, (03 7 T F
Aops = A
A = A = A
O, A A A TR A BOULINAE | e A e/ MBS AR FOASUAES (2 7T P RO M SRR HE (R Y 12 05
HR1% 2% (Root mean square error, RMSE) %715, 1fif RMSE 7E 4t AL bl | v A SO0 MRS (B A9 AL A5 21X £
Z(1:1) MBERg I AU AT RR T R 4.3.3 BROFSEAL,
132 mAd Ko
XoF /N A T A D e PR ] B ASAET G JR A TR , SR A/ NS ) RRARAAE B S AT JA(BLHE A T X0 5 4t
(EL10 MJE) il ZAFEIER M, IR y = ba TiRERAMIER , S log(y) =log(b) + alog(x) ,HH «
iy A FRIESE B A PR A 5 b S MEROC R IR, o WA CHE R RER | RIS R KR SHEOHE XA K8 5, 4
a=1 P AE K Y o RFS/NT L BSY SR KDY R A b AL £ 504531 (Standardized major axis
estimation , SMA ) J5 k17! YEAT S AR KO B I B RUAE H, B— A A AR A B A5 X A AR Pitman' " 731t
B, 1R F Warton il Weber (19 76 50 01 &b 3 14 S R | 28 LR AF A S SO0 R DU R A 7 ) 3R R 1) 22 o PL

http ; //www.ecologica.cn



15 14 SRBRAE 2 TR IR U B/ IV R AR X XUt B W R 44 531 22 S 6877
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2 ZER5HH

2.1 FMIMERERL AR/ DR REME IR He R

QN 2 Bz SO0 IR LU, I 0 35 28 AR A AP e ) P A B REARR 14 B R T BR L B R B9 25 T
I TR A BT T FEXRRARAE N MERERRRAE AR T NS T 2R W R B MERRAY
A B 25 i TRERR , R XU AR R JC R AR 25 5

R 2 TRIERET BMEEAE R/ ThRE R FHE

Table 2 The functional traits of male and female S. gordejevii twigs under different conditions

SRR R AR MR e PR B TE . REHR TR

s P ; -
o H" . e Total lamina  Individual lamina  Total lamina Individual lamina Total petiole Individual petiole ==
Condition Sex N ) Stem mass/mg

area/mm area/ mm mass/mg mass/mg mass/ mg mass/mg
XTHR iR 1894.42+126.98a  123.25+6.07a  205.17+10.34ab 13.48+0.56a 8.14+0.48a 0.53+0.03a 115.62+8.82a
Control iy 1623.22+127.92a  129.86+6.44a  161.75£13.51b 13.00+0.70a 5.81+0.65b 0.46+0.04ab 91.67+10.03b
Pk WERR 1968.20+138.56a  111.42+6.22ab  240.93+19.63a 13.50+£0.91a 6.90+0.54ab 0.39+0.03be 71.64+5.78b
Wind erosion Tk 1697.38+135.05a 98.78+597b  228.51+16.75a 13.14+0.57a 5.52+0.50b 0.32+0.02¢ 71.65+7.70b

() 5] 0 52 AN [ P B3R R AN [ b B A [R] — R AE 0.05 KPR 22 5 | 3

2.2 TOMIMERRERL AR/ SRR 8] A AU AL
GniE 1R MR - L R AU A AN TR AR 5 A AN R PRR, o BRI T e AR 1) 1R
et e B, EMERRASUAE (6 MERR B9 4.3 A 5 10 XU R 5 DT 1] 3 25, L AR AL A L A R )
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(0.004
B 0.017)
3 ©
z g
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g E &
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£ é (0.027)
5 2 0.017
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Fig.1 Trade-offs of the paired traits of male and female S. gordejevii under different conditions
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3.7 4%, AREAEBE R AR 25 F - i B =2 [ ) A EL A () (RO 2 TR — Ptk ), 240 ) T 25
I, HA A8 N MR AR AR (22 A K,
2.3 MR AR R T RE IR ) 06 B
231 MRHEAREHFTEHLR

128 3 W0, R R AEBE T SeMIME AR S B AL Sk e T SRt 5 A B g T R
I ZR (P<0.05) , BAFE LR B3 2091 0.981(95% B A5 X ] = 0.854—1.129) .0.991 (95% & {5 X [i] =
0.833—1.183) , ¥ 5HS(H | TR EZES, It i m A S i FEME KBRS, ERFERPRT, Kk
B R HERR S R RS B T B T A B 5 TR G R Y y Rl AR Y B N T AR R AR
B MR S X REOC i 22 5, RELEM A TE T, S IRA L, KU PR 5 5 25 B T HEAR A i 1 A
Xof BE AR MR AS B 2

£3 TAEEETEVEEERM ISR B SMA 247

Table 3 SMA regression parameters for the relationships between leaf functional traits of male and female S. gordejevii under different

conditions
b A
. RER(95% EAF K] FHERR (95:7;212+ Ii:;rﬁl ) SR
y=x iﬁ 3 R? Slope(95% Allometric Common slope Yl
Condition Sex confidence interval ) relationship (95% confidence Intercept at
interval) common slope

SR TR Xt AR Mikk  0559%*  1.167(0.879—1.547)a 1 0.981(0.854—1.129) ns 1.002AB
Total lamina area- TRk 0.684 "% 0.997(0.751—1.324) a I 1.044A
Total lamina mass Rt MEFE  0.695%%  0.824(0.654—1.037)a I 0.968BC

MR 0506%*  1.055(0.777—1.433)a I 0.912C
BRI R R T Xt A Widk 03997 1.055(0.760—1.465)a I 0.991(0.833—1.183) ns 0.969AB
Individual lamina area- Hepk 0402%*  0.841(0.572—1.237)a I 1.013A
Individual lamina mass Rt bR 04847 0.851(0.631—1.146)a 1 0.934BC

Hekk 0218 1.400(0.956—2.205)a I 0.878C
S TR A T XTHR Wbk 0.207*  1.008(0.693—1.467)a I 0.807(0.691—0.944) ** 25388
Total lamina area- Hepk 0.618**  0.749(0.549—1.022)a I 2.606AB
Total petiole mass Rkt Wbk 06177 0.835(0.645—1.080)a 1 2.620A

Hedk 0363 0.697(0.493—0.985)a A 2.641A
B TR A X} IR i 0.052ns  0.923(0.613—1.388)a 1 0.766(0.635—0.929) ** 2.298A
Individual lamina area- Tekk 0327+  0.619(0.412—0.932)a A 2.382A
Individual petiole mass Rt MR 0389%%  0.836(0.605—1.156)a I 2.364A

373 0.140ns  0.695(0.466—1.035)a I 2.384A
S T - AR T i A Wigk 05217 0.864(0.644—1.160)ah I — —
Total lamina mass- Hepk 0.827*  0.751(0.608—0.928)b A —
Total petiole mass Rl MibE  0.876%*  1.013(0.874—1.174)a I —

Hekk 0590 0.660(0.499—0.873)b A —
B R TR X Mtk 0399**  0.874(0.629—1.214)a I — —
Individual lamina mass- TRk 0.652%*  0.740(0.547—0.992) ab A —
Individual petiole mass Rt MRk 0.789**  0.983(0.811—1.191)a I —

Hibk  0392**  0.496(0.354—0.996)b A —

R2FR A ZH A RUNG b 3R S A K5 5 (RHR) £ R B3 (P<0.05) A FRAR SIS | 2R B E(FHAEKXR) T RRAE5EME 1 23R
(R R ER) R (95% B FIX ) FIFR AR SHEE 1 WZE R BEW  ARKE FHRR LR AR T I#IE2E R 8% (P<0.05) jns, B EH KK
%E; # ,P<0.05; #* P<0.01

232 MHEHRSHHTENLR
FH % 3 A0, AR AR BT A0 A AR A s e T AR S R A R I IR AR SR R &R (P<0.05) |, Hk R Y
FH 0.807(95% B A5 X0 =0.691—0.944 ) % B /NTHIS(E 1 (P<0.01) , BRI F i AR AE 43R /N T B
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TR B EILERPRT KIS R MR B A RS B AR T C R Ay SRR 2 KT AR
BT BRIk SX RTC 2 25 5, RWITES E SR T T, 5 X0 B LE , AU A% rhfe bk 5L A 5y
(AL B TET R, T MR T S35 25 5 MR RREAEL AR B T AR B AR T DG R AL R 0.766 (95% B A X
] =0.635—0.929) , # . E/N T RIS H 1(P<0.01) , BVt 7 T B A= 4 038N T B 1 8 ) R
FEAL[RIRERTT | MEMEAE AR R T RS S AR T E O Ry B AR XUMURIX BEEREE T T 25 5
233 MAETESHHTENXR

M1 3 AT, R [R)A: B B ME MR R S R T S BN T R T S R A T R AR R R
K FR (P<0.01) , HIALFEIL R RER . FE X AU O SE F  MEk rt i T R S5 B & et A+
5N T O R AIRPRIKIK R 0.864 (95% & 5 X 7] = 0.644—1.160) . 1.013 (95% & 15 X [i] = 0.874—
1.174) ,0.874(95% & {5 X [A] =0.629—1.214) .0.983(95% E {5 X [A]=0.811—1.191) , 2 FL LG4 KL R, £
SERR I RS AR T Y SR B R A R M AR AR OC R A RERAK IR R 0,751 (95% A X ] = 0.608—
0.928) .0.660(95% & 1% X [8] = 0.499—0.873 ) .0.740 ( 95% B 15 X [i] = 0.547—0.992) .0.496 ( 95% & {5 X |] =
0.354—0.996) , £F/NTHISE | 7 HA KSR, RUTMEMR M 5 T8 1 2R /N T 4l T 5 0y R E
R, AN FE RIS BERR I T S AR T E O R AR R TR, 2 A AN T S AR [ 15
BUT MERR A T A SRR 3 L MR DI T X R AR v I 2 S AN W 3

3 Wie54%ie

R PAIR AT AR R 4 57 ST P T 502, PR B A7 A — 2 SR , 76 IS0 B AR B 1 AR A L [ R4
OGR! BRI ALY EER Y A A B IR AR, PIE Z A B I C R C AR 2 AR
BESE 2 ARG R L, B A A e 2 T - B e R 2 ) (AL X PR ) R T X
T ERIEE DB o) 25 T kR R T S XU PRI R ), AL O SRS A A R 2 S I, s B 2 1Y
A RS LA X S B AR I S BEL T, LA SR R R S 53 A, MERR A ASUE (240 5 T A ok
AT RES HAN R Y A= FE D REAT 5G| MERR B 22 4t O ] 34 5 - 5006 45 A 77 0 DA SRR S8 MR R CRF)
5 Ik M R =S 1)

WSEARYIREA TG A VR TG 32 23 BRI fge 1) S B, ol 500 14 T S A AR5 S0 | 2 5 52 B P 3
PRS0, AR5 3R BRI W] AR AL O R W i 22 FEARBE g b, st i i AR S e T 3 A 0%
FONEBAEROCR  IX B R ™ B UE T R R RN T T B R R A FERAT (B
5T R WIESERAE R G 5 SRR BRI A5 D 3R 2> B0t A BRI T E AR R R i 2787 R
[7] B A SR AR A LK MRS A Y & PT RE R B A T AR 1 A A R R R i TR A
THXRNRE/NT 1SR, h Tk 7 BA S R L Sk ME Y RS DIEESN , ik BA LKL
FEUIRE , ha ZLARPU XU RN 25 DN 25 ok (19 3 25 47 7, e ik A = T 0y 52 3 0 o 2 PR T I A i B A
R AR bR LR FEGAE T TR XU 8 3 AR AU e 3 TR X A T S R 7
ZE MR EL R, SRR EL , IRV B rP MR BAT 5 e A I R T L i R G e 3 22 5, i A XUk ke
e TR R 40 o R AT e, T Ak S ) 18 RO A TR LR T R B SR 5 S
A, S AR R A AR OC R TGRSR AN IR KU PR T AR 22 B AR A (OGRS BN T 3
TEAE 1 B AR RO AR, Ul B RR S5 MERRAT EC S0 T bR 7 13 A% SRR, R il A XU PR T e A ) S
AR RIS S T B2 DX ] BE -5 MR A PR 1) 2R B D RE 22 S A G, I T R LR MR AR ) X B AU
RSB AR AR ) Y ERRASER O I 1 ST LU 6 A BRI R A B AR 3R A3 TG JE 2 7 2R
SR IR R

£ i AU Ak 2 R i SR AR R /NS D) BB 1] PSR O 2R, A AR o DXL e B I3 1 i b7 B A
BIZESE , AEM RSP L R LURERR S ) T4 B IR A v B AR K b HXUO HERROL & i B AR 1 4
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MR 2, WFFESRE BR300 AR M LMk B A S BiR A 030 1, G PR AT R ol T R O 18
A PR Y A FELFE B A DB TR A I IR, S Tk 3 5tk 1 8 FR A8 B RO A R ADE A 1 LR i A B
P KIS IMEREARL R /MBI R IR )R 06 2R 14 2 57 130 13X — WL, BIVBERR SR U HE T L R o
A AR LA, B RR S 1) TR A A ] RS — AR AL LASR AR B B 8505 19 AR SR B, AR 7 ik
— IR TEHEMEA: FEAE T SAMEDLRI AN ZE . DL EBIFTE 45 2R /N Z REMEIRAUAE 5C 28 1) BE s 1 S D
R T LA AN [ 1 A 95 S 5, XA M S5 R L 8 B85 g 7 22 S 1) D PR B 1 17 AR, b Dy
WITEAE 3535 v b AR IR S T R b A M ) e At 1 PR AR , 33X LA e A R A 22 R0 1) e KAk
HAH RS S,
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