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Abstract: To identify the relationship between wind dispersal characteristics and seed traits in
winged-seed plants for deepening the understanding of wind-driven seed dispersal mechanisms and
plant migration capabilities, seeds of ten typical wind-dispersed plant species were manually
collecting in filed, and morphological traits were measuring in the laboratory, seed settling velocity
was determined using the terminal velocity method, the  relationships between seed settling
velocity and morphological indices were analyzed using Pearson correlation analysis, stepwise
regression analysis, and principal component analysis (PCA). The results were sa follows: (1) The
settling velocities of seeds from the ten species ranged from 0.4770 to 2.0166 m-s? with the
coefficient of variation as 5.8- 20.0, and their horizontal dispersal distance per unit wind speed
ranged from 0.59 m to 94.34 m, with Picea asperata seeds dispersing the farthest (94.34 m) and
Salsola laricifolia seeds the shortest distance (0.59 m). (2) Seed morphological indices differences
were significant among the species (P < 0.05); Acer stenolobum had the highest thousand-seed
weight and wing loading but the lowest wing length/mass, wing width/mass, and wing aspect
ratio/mass; Fraxinus chinensis had the greatest seed length, seed aspect ratio, wing length, wing
aspect ratio, and seed length/wing length ratio but the smallest seed width; Pterocarya macroptera
var. insignis had the largest seed width and wing width but the smallest seed aspect ratio and wing
aspect ratio/mass; Salsola laricifolia had the smallest thousand-seed weight, seed length, wing length,
and seed width; Salsola arbuscula had the smallest wing aspect ratio; Ailanthus altissima had the
smallest seed length/wing length ratio; Picea asperata had the highest wing length/mass, wing
width/mass, and wing aspect ratio/mass but the lowest wing loading. (3) Seed settling velocity
showed a significant positive correlation with seed length, seed length/wing length ratio, and wing
loading(P < 0.05). In the stepwise regression equations for settling velocity vs. morphological traits,
the coefficients for wing width/mass (Picea neoveitchii, Salsola laricifolia), wing length/mass
(Pinus tabuliformis, Salsola arbuscula), seed mass (Picea asperata), seed length/wing length ratio
(Pterocarya macroptera var. insignis), wing aspect ratio (Fraxinus chinensis), and wing loading
(Zygophyllum xanthoxylon, Acer stenolobum, Ailanthus altissima) reached significance (P < 0.05).
PCA indicated that wing width/mass, seed aspect ratio, seed length/wing length ratio, and wing
loading had the greatest influence on seed settling velocity. Conclusion: Factors influencing seed

settling velocity differ among plant species, with wing loading being the core factor.



Key words: seed wind dispersal, morphological traits of seed wings, terminal velocity, stepwise

regression, principal component analysis

Tt AL 3R S AL SRS R . A ks SR AL, JR T R R EE AL S R G
ZE SRR E (Willson, 1990) o fEMEMEE T, KL 10%~30% H 5 70%
P AL A0 ) o R s PR B s B R T A X 3 g A 4 A5~ (Willson, 19900 - AEY) -1
TEAS S 3B SRR AL 2 1A% 7 07 NG R I B R R . R ATV U0 P e
FRIRIE ) SR T IR SAFAE CInAl@oR N TARAEE Ty, B A AR 7 AT D) S
FRFAEIE A5G 2R, 0 TR N B AR A1 XA R AL 1) A0 T AL 03 8 e ) A B S F B 1 M S
B X o

[ b A7 KA R R AEREAT T KRB 734 #iltn, Marco (2011) ZyHrtE¥ah 1
A R R B 5 I R B 22 S R T, S M e D P 5 A SR X A AR R A — E HUSENA ;. Venable
(2008 737 36 B A S8 8 MY B rh— SR A AR YA 1 AL 3R L, K2 HOM TAE iR EE AN 2 1
N A 17 4 N T S e A 1 o 8 = B ol e DA R B SR = Y N S 4R St
Pueyo (2008) 7EFFIXHIFL A, T 7 FrH B 5A B T 4err s mE. a7
T AR 1 PR B 55 B 7 A Rh 1 T AL AL BOR R 0 d3 BT R BAE AT 22 R 5% A N R A0 A X
BRI I Ah 7 ER B AL HE, AR T ZBE R A TR A B (Treep et al,, 2018) o fEH A%
RN, T RRALFED R 6 FhAEAE AU 1) T WO ARBE AL A PR AE , AR XU L
5~6 m-st ST T A ivE; Teller (2015) WEFTAI, L L1 LU ST IA S A 5 4 5 it %
(Treep etal., 2018) , HUTPEE LG . FEMMKMTT, TIREEENE . 255 BE R AL T &
O HIFP T AL TG FAE IR . Wyse 55 (2021 WFFERIL, i MR AR TS BE X Fol
TAEREA AR SCR . FIR, AT DR TE X318 S B S FE PR R T R AL FE AL
il (Nathan, 2011) , WAHWIFESE 7RISR BENLS], IR R b 5 0 e sl i
fbfE, —UAERE. KPE AL B INERE (Kim etal., 2022) o SR IXELH 7045 3G T 6 -7 R
FAERAE . LA 5 mI R R AR, (HIX LR TR PR SE I X — LE R ) 2R e, XA R
X AE )7 RAL FERFAE A B = 4 TH FEf# (Seale & Nakayama, 20200 o JT4ER, SofH At X Ff
T RAERRFFAEDT FE B SR B, At 17 b 3 RN T 48 A XA 478 b~ P sk 2 3
ITIERI, ANFEBHEYFFUIRE AL (AR a8 ARAR FIRSREE R,
) JR ATl U PR P A 2 ARk (UJE ) (Lee etal,, 2022) o fEFRIE, FHZE(2014) g
T B S AT RAERRRHEZ R, RELSE (2021) 37 17 15 i@ HE A7 XAL 76



FRIESEHRIEC R, k0% (2022) W5E 7K AL 10 AR IIRSE . AKCF
PEES SR AR GNE s WIS R AL 4 Ak 70 32 B2 U BRI S RHE R
PRI 5 RS R, M pia. KM R R REEAX, SlFEEL.
ST AR A fre K 0 L SR 3 SO OG, SL RGP Py A S PR AR DR FE b by 300 SR e R 2 R ALE
YT (Songetal,2020) o &4k L, REFTERREME. Zma. sl 5HEE%,

4R T R AL R RAE SR IR SR IE R RIOE Ik L4, ARSI £
3 2@ AR TR Bl T R A B UM R B, T AT ORI R R A 438 1) A E T P 5 5%
PR, X R IR ) S TR B ST (v WD 2 TIEAR G wh LAl
38 AN E 1L 1 0 A 7E X A S SRR P O M T b A R, T LB I G s AR K
o0 B P R D WAL P B (Zhu et al., 2019) o A —#EHE, REEE (2017,2019)
P T R IR 478 A% 1 R AR AT B T X3 AL AR 6 P A XA R B S (R R AR . A
KA, FhF KRS TE R IER R, Fh PR R IOMER 0 A B8, R —RIFhF7E K
JIIRE) R V6 AE BE RS RER R4 8 AL B R B, HE 4 T PR A BB B [ S 1 R 4 A
fiE. 534h, REEMBRE (2018) BT URA MRS AL 6 FhiH 2 SEF0-7 KU BB BE 25 ¥ 5
M. gk, FREERR T — SRR KRR ERAE, (HX] 58 2R A A XA B
EF B R EZ RGNk, ABFTCLLZRIE . AL BB 2 L o RE TCTE I A
KA 10 Fhits AR T, S DN E AT TS RHIE 5 DR AR FH AR 2C 20 55 1Bl 3 70 B 7
VRS, IR R : (D AEEYR RS RUTREEERE:  (2) NREWHTKF
MAERREE R (3) AR UTREE P ST ARHE S R . B X2 B [ %, DU IR N B
S TE A A XA BB L) e T e P s CE ST RS 4 LS 4R AR
1 MRS
1.1 KRR

2 8 3 3 B AT b 7 AL RRAE A A M B A A Rh TR R, £E 2023 4E 8 A 11 A,
Py E& 7 S, FERRFEZRIS . AL HPHAN T E S Y SRS S B 2L TS, RS
¥ (Picea neoveitchii) ~ Wi¥\ (Pinus tabuliformis) « 1% (Picea asperata) ~ H i
(Pterocarya macroptera) ~ FASEW (Fraxinus chinensis) « %t (Zygophyllum xanthoxylum) <
Y 2 W Acer pilosum var. Stenolobum ) R ¥ ( Ailanthus altissima )+ K ¥ B 3%
(Xylosalsola arbuscula) FFAMIEESE (Oreosalsola laricifolia) T TR TFREE (X 1) o N
RN T HA R0 AREN, B2 MEYRE S bR, X FR YR 10 #E.
TERAER TS, FERLCHEME DA, FEEWHEWAR. F. FEMIL 4 o7, BLERGE



TR AT, ST RELE B RS AR, B h B R AR T Xt
KR T HAT I, PhH AR B2 iR, XHORE e T iR 2. N T IR
FEAR T 58 BERFAIE, 218 KEIERH B3 (a2 T 780 T (D F 3 A M EKERA T 0.1%) .
N T HERINE b7 AR FRRF AL, S RERIEY), BEHLPRIE L T-AL R 1Y 50 RERER SEaf R,
FEF AT RE N, 2030 5E & Fh TS TEAR S RALRRRFAE . £ E 1 7% AR B0 2RI
SyWrad, i N e ME AT RGHAT, R ECRREAT T

R 1 EYBFAMTREH R

Table 1 Plant list and seed collection site

T Fh Plant species KAEHD £ Collection site 2 ¥ Latitude %% Longitude
RIREH Picea neoveitchii Zz0% Qinling Mountains 33°48'16"N 107°31'06"E
WA Pinus tabuliformis %% Qinling Mountains 34°02/30"N 107°20'42"E
=A% Picea asperata Z=1% Qinling Mountains 34°02"21"N 107°19'43"E
Hilk¥ Pterocarya macroptera Zz0% Qinling Mountains 33°49'03"N 107°35"23"E
FER Fraxinus chinensis Jt 3T EARH Beijing Chaoyang 40°02'29"N 116°24'40"E
5 E Zygophyllum xanthoxylum B =111 Helan Mountain 38°30'63"N 105°55'67"E
AR Acer pilosum var. stenolobum B =111 Helan Mountain 38°42'87"N 105°52'32"E
5L Ailanthus altissima $% 2% 11 Helan Mountain 38°56'82"N 105°64'39"E
R¥EE Xylosalsola arbuscula B =111 Helan Mountain 39°00'03"N 105°76'69"E
FAM 3% B 3% Oreosalsola laricifolia B% =111 Helan Mountain 38°89'37"N 105°82'15"E
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Fig. 1 Experimental setup for measuring seed terminal velocity
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Fig. 2 Relationships between seed terminal time and terminal height for each plant species
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Table 2 Comparison of plant seed terminal velocity

ULREH

YUR I AR5 AR 5t R
) Fh . . )Tl Terminal )

Terminal Coefficient of Coefficient of
Plant species o plant species velocity o

velocity (m-s1)  variation (%) variation (%)

(m-s™H

KBHHT Picea T Zygophyllum

1.10+0.09i 8.6 1.68+0.10c 5.8
neoveitchii xanthoxylum
A Pinus MBLBR Acer pilosum

1.20+0.24h 20.0 1.48+0.15de 10.2
tabuliformis var. stenolobum
A2 Picea B Ailanthus

0.48+0.09k 18.1 0.67+0.07j 11.1
asperata altissima
HA .

RGBS
Pterocarya 1.88+0.29b 15.2 1.42+0.26df 18.5
Xylosalsola arbuscula

macroptera
FER Fraxinus FA 3 B2

2.02+0.36a 17.7 1.51£0.21eg 13.9
chinensis Oreosalsola laricifolia

E: RPBUE TP EEL R, FVARTFRRREREE (P<0.05) , FFE. SHAEALE =50, &
HEEIME 3 R

Note:The values in the table are the mean + standard deviation, different letters in the same column indicate
significant differences (P<<0.05) , The same below. The number of samples for each tree species n=50, and the
measurements were repeated three times for each group.
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Table 3 Wind dispersability parameters of plant seeds

NG S 2 T ULBE AR

T T _ _ T T _ _
) Terminal Dispersal ) Terminal Dispersal

Plant species ) ) Plant species ) .

height (m) distance (m) height (m) distance (m)
KEFHH Picea 5 . Zygophyllum

20 18.19 Teopy 1 0.60
neoveitchii xanthoxylum

JHFA Pinus tabuliformis 25 20.92 MZEML Acer pilosum var. 5 3.37



stenolobum

=42 Picea asperata 45 94.34 R¥E Ailanthus altissima 20 30.04
HiRW# Pterocarya AL
15 7.97 1 0.70
macroptera Xylosalsola arbuscula
FER Fraxinus FAW¥EESE Oreosalsola
15 7.44 0.9 0.59
chinensis laricifolia
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10 Mt YA 7 K EEVE RN 1.49~15.94 mm (B2 53 4L 8.03%~T71.72%) » Horh LA AR T REAL
BRHER (71.72%) « WHEAEN (8.03%) , FhF A FEHE y s >R R 5 AF> H s>

RS MFA> ) T> > B> AR BRI BR, MR ME T, SENAREER.

Hilr g2 2 5 A RE (P>0.05) o 10 MR F 5% BN 1.25~7.51 mm (57 25
7.97%~34.36%) , Hrh AR T 98 AL R R HUROK (34.36%) , AR TN (7.97%) , Fi 1
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Table 4 Morphological characteristics of plant seeds

CVA CVA CVA CVA
TEYIY)Fh Plant species  MA (g) SL (mm) SW (mm) RS
(%) (%) (%) (%)
RKREH Picea
38.21+£0.17d  21.57  9.37+0.85b 9.07 5.00+0.43¢ 8.57 1.88+0.14c  7.75
neoveitchii
TFS Pinus tabuliformis ~ 59.89+1.80c 27.89  7.11+0.57d 8.03 4.23+0.39d 9.15 1.69+£0.16c  9.24
=42 Picea asperata 4.29+0.05¢ 57.99  3.13+0.62f 19.70  1.97£2.33h 18.44  1.89+0.32¢  19.94
Hilt## Pterocarya
88.04+0.32b 18.18  7.84+1.05¢ 1335 7.51+0.86a 11.47  1.05£0.10d  9.40
macroptera
FER Fraxinus
37.99+0.14d 18.79  15.9443.18a  19.98  2.05+0.16gh 7.97 7.85+1.78a  22.87

chinensis



L Zygophyllum

46.26+0.32d 3429  6.95+0.72d 10.39  2.74+0.38f 13.70  2.57+0.38b  14.79
xanthoxylum
MZEME Acer pilosum

117.85£0.50a  21.39  7.74+0.92¢ 11.91  6.55+0.71b 10.90  1.19+0.12d 9.84
var. stenolobum
B Ailanthus

34.37+0.08d 1145  6.36+0.72¢ 7172 3.65£0.34¢ 3436  1.75+0.20c  20.34
altissima
ARAEER

7.80+0.06¢ 36.28  2.88+0.32f 3247  2.35+0.34¢g 3370  1.24+0.17d 16.84
Xylosalsola arbuscula
FAMSE T .

3.77+0.02¢ 28.92  1.49+0.1g 12.64  1.25+0.19i 14.84  1.20+£0.09d  7.89

Oreosalsola laricifolia

T MA FRTHE; CVA ZRBRARH (%) ; SLERMFKE: SWRRMFREE: RS ZrfhFKIEH.
Note: MA indicates 1000-grain mass; CVA indicates coefficient of variation (%); SL indicates seed length; SW

indicates seed width; RS indicates ratio of seed length to seed width.

2.2.2 FBTEARHE

10 PR P FEVE Y 5.42~44.74 mm (5 R4 3.93%~17.20%) , Horh i £ Fh-7Fh
WK AR R RBORR (17.20%) « SAEECN (3.93%) 5 Pl BE HER SR> I B> 20 244
>H N> KR RE>ML>8 E>B >R BB E B, KPS EN o ERARE
(P>0.05) o 10 FliE 4 Fhi v BE A 4.32~13.08 mm (A5 R4 5.79%~17.84%) , it
AP A TR A e BB K (17.84%) « SRR/ (5.79%) , Fud v BEHE 7 A H i
B> KR > > Z> T FA> 5 E> A B3> m A B> i, 40
RS HREFEY 2 R 53 (P<0.05) o 10 FHEFHEK 5 LGy 1.14~8.78 (A 57 R4k
5.29%~21.95%) , HH R FR T 1 Al K B8 LU AR S R AR K (21.95%)  RAER/N (5.29%),
T 58 EEHE PP O S > SR> 25 A2 > A0 R T A2 > 85 £ 1 R > R SR B AT>Fa i 4% B 5>
AREEI, Hh SR i H . KRS bR 5 b 2 5 835 (P<0.05).
10 FEA BT/ AP K 0.14~0.43 (57 REL 6.91%~18.33%) , HAZFIFRK/APHKA 7 &
Bk (18.33%) , KEFHERAD (6.91%) , i1 K/AEKHFF A B R> KR T > 1>
ARAEBISAA>TH R>Fa 58 BISMBMS DA >R, a2, B, Bi 5 HAh

AT RAMERZEREZE (P<0.05) (GR5) .
R 5 EHYMBATLSRAE

Table 5 Morphological traits of seed wings for plant species

) CVA CVA CVA CVA
Y)Yy Fh Plant species  WL(mm) WW (mm) RW RL
(%) (%) (%) (%)
KBEFHH Picea
23.05+1.74e 7.57 12.90+1.12a 8.72 1.79+0.11f  6.25 0.41+0.03b 6.91
neoveitchii
WIFSA Pinus
19.60+1.77f 9.04 7.69+0.69d 9.04 2.56+0.26d  10.23 0.36+0.03¢ 7.97
tabuliformis
=A% Picea asperata 17.61£2.87¢ 16.27 5.71+0.42¢ 7.28 3.09+0.48¢  15.67 0.18+0.03f 18.33



Hil## Pterocarya

27.23+3.65d 13.39 13.08+2.33a 17.84 2.12+0.30e  14.49 0.29+0.04d 14.94
macroptera
FER Fraxinus

37.12+3.95b 10.64 4.32+0.54f 12.57 8.78+1.89a  21.95 0.43+0.07a 15.54
chinensis
L Zygophyllum

17.73+£3.05¢g 17.20 7.47+0.99d 13.22 2.37+0.20d  8.31 0.40+0.06b 16.64
xanthoxylum
MZEME Acer pilosum

29.09+3.35¢ 11.53 9.56+0.95¢ 9.95 3.05+0.27¢  8.85 0.27+0.04¢ 14.99
var. stenolobum
B Ailanthus

44.74+1.76a 3.93 10.99+0.64b 5.79 4.08+0.21b  5.29 0.14+0.02¢g 11.18
altissima
ARAEER

7.91+0.78h 9.86 7.01+0.82¢ 11.66 1.14+£0.10g  8.67 0.37+0.06¢ 14.85
Xylosalsola arbuscula
FAMSE T .

5.424+0.62i 11.41 4.65+0.47f 10.18 1.17£0.09¢  7.77 0.28+£0.05de  16.80
Oreosalsola laricifolia

W WL RRMBKE; WW SRR %S ; RW RRFBK SN RL FERMHTFRK/A#EK,

Note: WL indicates wing length; WW indicates wing width; RW indicates ratio of wing length to wing width; RL

indicates ratio of seed length to wing length.

2.2.3 ZETESRESH

10 FhFE YA/ R BTSN 253.00~5 046.08 mm-g? (4557 2% 10.01%~46.98%) , H
AR PR K/ B R RO R (46.98%) « SAER/DN (10.01%) , F#K/REHF M=
2> FA W B3> B> A B3> > K R AT >R > 8 E>TH R >R, Kb =42,
PATH R B2 5 ARl K/ R B 22 2 35 (P<0.05) o 10 Rkl 1 55/ B3t iy 83.27~1
631.36 mm-gt (4257 2% 9.53%~48.97%) , HH AR JE B Pl P 55/ o1 248 7 R AEUROK
(48.97%)  REf/ (9.53%) , FuH G/ BT HFF N AL B3> AR B3> KR AT
> B> AA> 5 E>HOR> SR> A0, o mts, g B3, AR B S HAHEY
T e/ R ZE R (P<0.05) o 10 M)A 58 b/ BT & Y 25.09~891.49 (28 53 R4
14.68%~47.94%) , e Pk b5 Rl 4 9 LU/ o7 A48 5 RO K (47.94% )  SMR 8/ (14.68%),
Tl 5 L/ 57 5 HE 7 o AR I T 3> I AR > A A B 3> B> TR > 8 > KX R >4
TR, b 242, SR R B SR S H AR A AR 5 Ll A ) 2 e
(P<0.05) . 10 FhiE %k 1175 FE Y 0.0042~0.042 6 grem? (A8 5 2% 8.26%~146.06%) , F:
T RA R R MROR (146.06%) « RAEHRVN (8.26%) , #E I HEF A4NZL > ith
A>T E>H R > B B> FA 1 SR B> KR EAT> > 12, Hh ais 5 H A
YmE S EREE (P<0.05) (R6) .



Table 6 Comprehensive morphological characteristics of plant seeds

R 6 HEYMTEATLSRE

T plant CVA CVA CVA CVA
, WLM(mm-gt) WWM(mm-g1) RWM WL(g cm™?)

species (%) (%) (%) (%)
KBEHI Picea

616.33+72.43d 11.75 345.28+47.70d 13.81 48.17+7.11f 14.76 0.0129+0.0027de  20.55
neoveitchii
JHFA Pinus

503.81+236.70de 46.98 197.74+91.96e 46.51 66.22+31.74ef 47.94 0.0396+0.0578ab  146.06
tabuliformis
=42 Picea

5046.08+2292.21a 45.43 1631.36+603.67a  37.00 891.49+405.45a 4548 0.0042+0.0022f 51.93
asperata
HNW
Pterocarya 316.13+57.26de 18.11 151.13+£28.40¢e 18.79 25.09+7.31F 29.14 0.0255+0.0059¢ 23.10
macroptera
H IS Fraxinus

1008.34+216.71¢ 21.49 117.30+24.47¢ 20.86 241.49+86.60c 35.86 0.0239+0.0037¢c 15.67
chinensis
L Zygophyllum

399.05+60.06de 15.05 169.84+30.40e 17.90 54.71£12.48f 22.81 0.0344+0.0043b 12.44
xanthoxylum
LM Acer
pilosum var. 253.00+£37.91e 14.98 83.27+12.46e 14.96 26.83+5.12f 19.07 0.0426+0.0068a 15.99
stenolobum
B Ailanthus

1315.55+131.65¢ 10.01 322.88+30.78d 9.53 120.46+17.68de 14.68 0.0070+0.0006ef  8.26
altissima
AIE B
Xylosalsola arbusc ~ 1154.36+456.09¢ 39.51 1014.28+381.24¢  37.59 168.11£72.62d 43.19 0.0142+0.0049de  34.69
ula
Pt fE B2
Oreosalsola 1625.68+741.12b 45.59 1409.21+690.06b  48.97 347.34+147.45b 42.45 0.0156+0.0058d  37.22
laricifolia

H: WLM R/ s WWM Rl 5/ & RWM nM#l KR/ RE: WL R3],

Note: WLM indicates wing length/mass; WWM indicates wing width/mass; RWM indicates ratio of wing length to

wing width/mass; WL indicates wing load.
2.3 HEYWMFUIIEEE S FRSRERRR
2.3.1 P FUIREE B S SEAR RE

KRG Fh IO 5 H R P98 A7/ F K 18 (K 4 DG 1k B 2 25 /KT
(P<0.01) 5 JH1AA Bl 0 F6 T3 8 5 LR34 3 | o~/ S K D A DG ek ik 31 2 25 7K F (P<0.05);
TP TFUIRE R SH R PP KRB R R/ A B AR DS M B B35 KT (P<0.01)
5 H A R 2 A S Mk B B2 KT (P<0.05) 5 H g F 7 It Bk 5 oA 1K/ A
K2 A S IA BB KT (P<0.01) , 53R 7K E 2 MDA B2 3 /KF (P<0.05);
e e PR B MR B L PR R R MK L MK T L TR A
FNEIL B 257K F (P<0.01) , HHBTE b7~ (/B K 2 T AR S A ) 2. 25 7K~ (P<0.05);
T EMFURREEE S HA A RE . Fh—r /MK TR A DG PRI 31 5 27K (P<0.05) 3 4HZRL



T ¥ U R T8 P 5 ORI R L P KA 2 (A Rk B 25K (P<0.01) , 5P

PR FE 2 (AR DGV B B /KT (P<0.05) 5 SLFEFh i B 18 -5 LRl 14 /M K R A G 14

KB E K (P<0.01) , SRR ML BB E K (P<0.05) « ARBEEII TR

5 R AR DGR B R KT (P<0.01) 5 FAMHSE B SR M Fh 1D R i 5 L

PR L P L Bl 5 B L P K/ 2 TR AH DG M A B 2 25K (P<0.01) (R 7).
KT PTUIRREE 5T SRE A AR R

Table 7 Correlation coefficients between seed terminal velocity and morphological

characteristics

WYI¥IFh Plant species  MA WL WwW SL SW RW RS RL
RKREH Picea

0.391**  -0.103 -0.242 0.193 0.410*%*  0.232 -0.196 0.377%*
neoveitchii
THAS Pinus tabuliformis  0.200 -0.287*  -0.200 0.020 -0.210 -0.070 0.200 0.302*
A2 Picea asperata 0.915**  0.333* 0.200 0.684**  0.050 0.260 0.150 0.443%*
Hil## Pterocarya

0.030 -0.254 -0.245 0.297* 0.140 0.091 0.278 0.531%*
macroptera
FER Fraxinus

0.335%* 0.586**  -0.511**  0.617**  -0.060 0.675%*  0.572**  0.342*
chinensis
L Zygophyllum

-0.200 -0.337%  -0.240 0.130 0.230 -0.270 -0.165 0.356*
xanthoxylum
MZEME Acer pilosum

0.000 -0.411%%  -0.332% 0.100 0.200 -0.150 -0.118 0.399%*
var. stenolobum
B Ailanthus

0.307* -0.200 0.010 0.270 0.120 -0.190 0.144 0.362%*
altissima
RIEEH

0.851**  -0.100 0.120 0.200 0.210 -0.210 -0.020 0.203
Xylosalsola arbuscula
FAMSE T

0.594**  -0.200 -0.430%*  0.362*%*  0.365*%*  0.266 -0.158 0.441%*

Oreosalsola laricifolia

T PRI R EE (P<0.01) 3 *RAMRIEEZE (P<0.05) . MA FoRfiiE:; WL RRMBkKE: ww
FORMMTEE: SL XM 7KL SW RRF 7R RW MK sl RS FRFFKIEH: RL #R
i RAEK .

Note: ** indicated a very significant correlation (P<0.01); * indicated significant correlation (P<0.05). MA indicates
mass, WL indicates wing length, WW indicates wing width, SL indicates seed length, SW indicates seed width, RW
indicates ratio of wing length to width, RS indicates ratio of seed length to width, RL indicates ratio of seed length to

wing length.

REFA WA ZA2. BbE. KRIEEIR. S ESOM 7T e B2 5 b K o &2 1)
FHOGHEIR B 27K (P<0.01) « HRHA . ZHZRB0Fh e B 2 5 b e/ o 2 [R)AH O
PR BB E K (P<0.05) ¢ KRG Wifa. =82, Hibg. Aamw. e, ARBEX.
FATH$E B ST Rk B2 5 3 5/ o B 22 TR A SR RIS B 257K F (P<0.01) 4R BAH 1
YRS B2 55 il B/ o e 2 (A G IE B B2 K (P<0.05) 5 AR, B2, RFEBI. M
8BS T R S MK B P/ TR RIS B R E K (P<0.01)  RAERNTUT



28 B2 5 K 5 L/ o B 2 TR AR DCMETA B 2 /KF (P<0.05) « RKIREHF. k2. Hilkii#g.
FIER . 8. R, e, KRBT B B3R 7 DI L) 5 388 ) 2 A AH O

B EZ KT (P<0.01) (£8) .
£ 8 MTUIMFEEESMALEESRHEZ R REL

Table 8 Correlation coefficients between seed terminal velocity and integrated

characteristics of seed wings

TEY)Fh Plant species LM WM LWM wC
KRFEH Picea neoveitchii -0.520%** -0.566%* -0.233 0.536%*
V¥ Pinus tabuliformis -0.758** -0.738** -0.701** 0.238
k2 Picea asperata -0.506** -0.682%* -0.526%** 0.845%*
H W Pterocarya macroptera -0.355°% -0.3997%* -0.050 0.439%*
HIER Fraxinus chinensis 0.000 -0.580** 0.260 0.405**
% F Zygophyllum xanthoxylum -0.200 0.000 -0.020 0.380%*
MEIM, Acer pilosum var.

-0.360* -0.288* -0.090 0.580%*
stenolobum
SAF Ailanthus altissima -0.453%** -0.365** -0.332* 0.526**
A3EEZ Xylosalsola arbuscula -0.876%* -0.875%* -0.816%* 0.835%*
WAM B3 Oreosalsola laricifolia  -0.728%% -0.739** -0.674%* 0.655%*

T PRI EE (P<0.0D) 5 *FRMRMERE (P<0.05) o LM RpnfidlK/ i &; WM Ro< 03 5
i LWM SR Ao 98 b/ B WC Rk ) .

Note: ** indicated a very significant correlation (P<0.01);* indicated significant correlation (P<0.05). LM indicates
wing length/mass; WM indicates wing width/mass; LWM indicates ratio of wing length to wing width/mass; WC
indicates wing load.

B AR b T YU T L 5 B G TR T KT A 1 PR 2 B ) S A SR Ok 1k
(r=-0.783, P<0.01) .
2.3.2 MR AR Y A7 T R B S B R R

TP ZES TR, 10 HIZP R AR B PE/NT 0.01, WA TREBAZE SR
AEAFAER FEMRR R LB L RIHH, I 12 4> B AR i 520 & A b7 IR
WEREAE, HPall, ABER. WM SRR . SRR, KREARL
4T S I o T R T 2 ] T/ R RO s R B DR R S A R A
T AR M TUIREEE 2R, M/ iE. M. MvEE Y
Wi AR AR b 7 0 R T B A2 R AR AR R 5 AR Al el T T A2 R
TEEL . BUE. A TR/ AR B BN AR M TR R B K TE L
SN s 20 SRR T R P T B B ) R s AR SRR U P P T S M/
iR, PR TE B/ R AR (R 9) .

R 9 MTUIRREE 5HSRALRIZ D BH 347

Table 9 Stepwise regression analysis of seed terminal velocity and morphological
characteristics



ANOVA /¥ P

LR GRELRSD BYER P ,

T Y940 F4 Plant species ) _ _ ANOVA analysis

Model (standardized coefficients) Adjusted R*?  F value

P value

RKREH Picea

Y=-0.566.x10 0.306 22.636 <0.01
neoveitchii
VAN Pinus tabuliformis  Y=-0.888x9-0.262x3-0.221x 0.660 32.712 <0.01
=A% Picea asperata Y=1.308x10.567x19+0.199x4-0.138x3 0.913 128.883  <0.01
Hilt## Pterocarya

Y=0.531xs 0.267 18.860 <0.01
macroptera
FER Fraxinus

Y=0.642x5+0.338x;+0.209xs 0.593 24.793 <0.01
chinensis
#iE Zygophyllum

8P Y=0.428x12-0.333 x5 0.221 7.934 <0.01

xanthoxylum
MZEME Acer pilosum

Y=0.580x:2 0.323 24.335 <0.01
var. stenolobum
RN Ailanthus altissima  Y=0.561x12-0.265x5 0.318 12.404 <0.01
ARAEER

Y=-0.912x9+0.459x;+0.453x;; 0.809 70.095 <0.01
Xylosalsola arbuscula
FAMSE T

Y=-0.739x10 0.536 57.595 <0.01

Oreosalsola laricifolia

T Y RORVIRERSE; X1 FoRFUE; X2 FORFKE; X3 FoRMiB g g, X4 JoRFh 1K X5 R 1%
fZ: X6 FoRMBK T X7 FoRM K IE L, X8 FoRh T KA X9 FRORFEK/ BT X10 RO
To/ B X1 FoR A B L/ B X12 FomllaR .

Note: Y indicates settling velocity; X1 indicates mass; X2 indicates wing length; X3 indicates wing width; X4
indicates seed length; X5 indicates seed width; X6 indicates ratio of wing length to width; X7 indicates ratio of seed
length to width; X8 indicates ratio of seed length to wing length; X9 indicates wing length/mass; X10 indicates wing

width/mass; X11 indicates ratio of wing length to wing width/mass; X12 indicates wing load.
2.3.3 BN 10 WM FUTRREE PSSR R
AT 4 D ERFHEEII R T 1, BT ETTIRE 90.77%. Hor, 551 3807 2 siik %
N 39.25%, B2 EMATTETTHRE N 25.87%, 5 3 ERT T ETTERE N 15.01%, H4 E
B TT ZETTHREE N 10.63%, TEHTIX 4 ARy ek 1R IR B4 R ME B . Bk, ST
4 N ERARE R 12 MERIEFR RN 10 P YR T KA RRRE (3R 10D
R 10 HEYMTIESRHMEE Mo BT Z TR E

Table 10 Variance contribution of principal components of morphological characteristics

of plant seeds

. WIGERAEE G I IE= N

EN5 %y o

Initial eigenvalue Extract sum of squares load
Principal p N . B S o

. FHEE Ji E TR FITTHRE FHEE T ETTRRE R TTHRE

components

Eigenvalue  Proportion (%) Cumulative (%)  Eigenvalue  Proportion (%)  Cumulative (%)
Z1 4.711 39.25 39.25 4.71 39.25 39.25
Z2 3.105 25.87 65.13 3.1 25.87 65.13



Z3 1.801 15.01 80.14 1.80 15.01 80.14

74 1.276 10.63 90.77 1.28 10.63 90.77
z5 0.634 5.28 96.05

76 0.235 1.96 98.01

z1 0.123 1.02 99.03

78 0.047 0.40 99.43

79 0.029 0.24 99.67

Z10 0.021 0.18 99.85

Z11 0.013 0.11 99.95

712 0.006 0.05 100.00

i FEARHCN 5000
Note: The number of sample is 500

F SR, B 1 ERS2 X10 CHs e/ &) ek, HRZ X9 CM#EK/mE)
X11 CM A 58 b/ BT SEmadeR, HIms N 3N 58 2 ERsr 82 X7 (R K s HD .
X6 (P EEL) B2, HECUONIERIN; 28 3 Fl 32 X8 O K/ ek,
Hygx X2 (M@K D mysem, Hr X2 (MK NIEE, X5 3 FRr RN,
X8 (P K/AEA) NTUE, K28 3 B AN 28 4 Eln FEZ X12 AT
MR, HZ X1 (i) MR, HIXE 4 ERdr = A IR RN .

£ 11 A ERSHERR R

Table 11 Coefficients of variables for the first four principal components

PC X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12

Z1 033 0.27 0.23 0.33 0.29 0.15 0.12 0.18 -0.37  -043 -037 023
z2  -0.16 0.20 -0.32 036 -028 050  0.54 0.15 0.13 -0.01 0.18 -0.08
Z3  0.09 0.52 0.33 0.06 0.26 0.19 -0.06 -056 0.29 0.04 0.22 -0.23
Z4 054 -0.06 -025 -0.06 0.00 0.08  0.00 -0.14  0.22 0.13 0.26 0.69

E: PC &R LR
Note: PC indicates principal components.
3. Wi

RO FEETAF B, &8 7AFRE. @K, PR, KR, s,
iS22 N S = AN NI = AN e NV 5 22 SN .5 228 SO0 T8 = RN 1 220 W AN 0 22 S N e D8
PRI R SRR T AR IES R AR AT I E . IR 12 MRS ERA R IR A1 X
FEARBFFIE RS GREIESE, 2022, RZL4E, 2020) .

AT 10 PR BT 5 RS (2021 WGE 15 R E Y ik 4206 2%
(2022) M 9 iR T IR AR RN ZE S R4S, (DRZSE (2021) . 5K
SIS (2022) AMHT T AEIOBURAEY), TAB TN 10 MG T AR SEAA R
HIRE: AW T T 10 R AT KR 5 R/NRFIE 5 R4S (2021) MIGK G855



(2022) ST BB A FEAR 5 KN E - QARBE ST 10 FHEF T 5 SR 20 %
(2021) FOGK<EIESE (20220 70 M OBRJSAEYFE 5~ BT AN, A1 o R R M AT DR
FERIRBE R (Wyse etal., 2021) o 3XUEZ St — B Ui 1 1 A R4 I70 Bee o2 22 S oK
(Muller-Landau et al., 2008) , X253 5 ARV F T SRHAL#E VI K (Zhu et al,, 2019,
TR HY2, Wyse A1 Hulme (2020)#1 5 7 2 AFAREPFl A 57 A0 Ok, RIFE 12 A
P, b T R P R AL R IR AR G, ARTTRR T R S B R O R
IESS BT R s B2 . FER R, BROLTT SN 5 R 7 50 8 . 30 58 A g ot
ARG, TR — APy, BRI S0 5 Y0 R o R AR DG o I B B R 43 AR Ak
RALESEA PR AT, i Fh 707 S A 1 R AELEA R . (b T BT R 355 E 1 4
JEREA R, Ry TR R AL R D I AR TE B A DG R . X AT RE E T RR AR 2 S B0 K
/NSRRGSR N R . BERRIR SRR SR TR D M AR R R, X
AR/ L KR 74 B3 i . AT, A T 5 TR 8 ) 0% 2R DR A W AR [ 2 S K
AT, YRR S Y AR REAEE AR R

o100 i o K T4 BB P 9 2 7 B 7 KU SR AR ) R AR . ARRFTCRE, B2
5 SR T UU RS B IR T KA R R R, (H S RRH AR U B TR R R, KA
FERE IR 5K o X AT R IX SRR AR A O . TE SR KU S R R T A R R B —
7SR R R A O (GRS 2021) , H— T SEEEEA G MUk s EE
— B FEJE b AT DURME DT B AL 3R FE B (1 FR 1) (Pueyo, 2008; Venable, 2008) o X AS[A/ 4 Fh
(6] o~ A 5% B 25 5 b O R MRk o5 2 ) R OGP T R B, 7 R B 5 T 4 4 B L 5 S AR
K, PP RN 100 £5, SFREREEEE RN 4.5 5. AR, REMkEEEN S £,
TR T 4.6 f5. 0T TEME S BRI, AN LR AL RS T AT
Fhf BREAUE B Yo REL R I T 2%, iAo, W0 T A A L SR AR A FR A5 T S
(Thomson et al., 2011) o J34h, AWITTRY], (EFRSERGEFM T, VP T ITFRE R,
Ty A RS AR TR AR, YRR TR A RS (20100 A
HE M (2018) W LA RHE A7 R I, Al T A RFAE 0T el A K- BUOBE B 39 1 3
We,  F ELAh I T R R K ST 4 AR 5 TR A A 35 ORI St 1 AR A e AT
TR A 1 BE S e 2 A B R R £ F F 45 2R

AH IR FAE AT KE L SR AR (B R 2 S R TR A TE KA
AR R AR S AN R AT 2 A A% 6 75 SR 2 AR SRS (Pueyo et al., 2008) o W42l
Ko/ AV I ARG R T 22 G400 o 10 0L e 3098 0 R o ARG ¥ ol 4/

ANSY



5t B 5 HAE DR BOAR GRS Rh =) B BB — AR R SR A AT o 1 AR i B AR
SREAT T RUN . DR h SF s, X5 HAETT R 2 KRB AT b R B 9 O

5
&2

AWTFEEY, ANFEEDEL RS S I AR RS ESAL GRS, 2021 K&
WS, 2022) o FAHRE BN TR R B REE B ST B TR AR B, T H S KR
F AT REE B IR R IR T (A B A . PR WA R RO R I B AR AR L A
ABGRATIENE, X 51X AT 52 KUK SR A %

AR, BE R IO O, X 5SS (2014) W REEMAIR
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