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Abstract

Aims Seed emergence is a key stage of plant life history and thus of important impacts on interspecific relation-
ships and community composition. Increasing evidence has shown that seed mass determines (or strongly affects)
seed emergence within a species, but it has seldom been tested across species at different depths of soil burial.
Accordingly, the purpose of this study was to examine the influence of soil burial depths on the relationship be-
tween seed mass and seed emergence.

Methods We performed a full-factorial experiment. Two factors included plant species (i.e. Achillea millefolium,
Achnatherum sibiricum, Chenopodium glaucum, Centaurea maculosa, Medicago falcata, Poa pratensis, P.
secunda, Solidago canadensis, Sipa bungeana and Vulpia octoflora) and soil burial depth (i.e. 0, 1, 2, 4 and 8
cm). Each combination was replicated five times, totaling 250 pots (10 species x 5 burial depths x 5 replicates).
For each species, seed mass was determined prior to sowing at a given soil burial depth. We watered the pots and
recorded seed emergence every day for 30 days. We determined the first date of seed emergence, and calculated
the overall seed emergence, the tolerance to soil burial, and Ts (i.e. the number of days in the presence of 50%
emergence). Seed mass and seed emergence were analyzed using an analysis of variance, and the relationships
between two variables were tested using correlation analyses.

Important findings We found that: (1) The optimum soil burial depth for seed emergence varied among the spe-
cies, and for most of tested species this optimum depth ranged from 0 to 2 cm (i.e. shallow soil); six species had
the maximum seed emergence at 1 cm soil burial depth, and no species had the maximum seed emergence at 4 or
8 cm. (2) There was a positive correlation between seed mass and the tolerance to soil burial across the 10 tested
species, specifically, the tolerance to soil burial and the optimum depths increased with seed mass. (3) At deeper
soil burial depths (i.e. 4 or 8 cm), there were significantly positive correlations among seed mass, seed emergence,
and Tsp; in contrast, such correlations did not occur at shallower burial depths (i.e. 0, 1 or 2 cm).
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Table 1 A list of the ten plant species selected for this experiment

Y)Fh Species A} Family

KA Growth form AR Life form

ARAF} Gramineae
AAF} Gramineae
AAEL Gramineae
AAEL Gramineae
AAF Gramineae
ZFl Leguminosae
%l Chenopodiaceae
%}t Compositae
%%} Compositae
%%} Compositae

JI5F Achnatherum sibiricum

KH Sipa bungeana

Vulpia octoflora

Hith ¥R Poa pratensis

Poa secunda

BFEfE Medicago falcata

HKZ%% Chenopodium glaucum
T-n13& Achillea millefolium
ngEK—H# 34t Solidago canadensis

Centaurea maculosa

REL Grass Z 4 Perennial
R Grass Z 44 Perennial
AR Grass —44E Annual

AR% Grass —44E Annual

RE Grass Z 4 Perennial
JERE Forb ZAFE Perennial
JERE Forb —4/£ Annual

4EREL Forb Z 44 Perennial
JEREE Forb Z 4 Perennial
JER®E Forb Z4FE/E Biennial

R R F5 18R T-80%. BLAN, I T —
AT SIS o 2Tl B R B 7 I AP (PR e 4R
RREFERS, BTA A R TR R R T 60%.
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TR R

1.2 St
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e, K EAZ12 cm, THSEA18 cm, =17 cm. 5K
561 rp B R B A AT T AT T, IRE N
T AAR I B 20-25 "CA150%-60%, MRS
A RERSHREFEAEL 200 pmol-m s 'L .
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B, Tsoll/N S0P H R R R, [ 2 Bk . 54,
N T B A L R R R R, FRAT
P T — NI SR R T L L SRR B ) FE A
—— i =3 P (tolerance to soil burial, TSB), HAA&TT
RPN

TB=YC xR
X, G2 25 EHIEREL. 2. 418 cmift
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IR Turkey #3015 4T 2 E LWL F o 25
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JRES HEPR P RS T MR 5T MK R
FIT A Beit 43 BT 7ESPSS 19.0H 58 il

2 #R

21 MFRE

1O P ) BRE b B BB AN G R, K i
(Stipa bungeana)Ff 1 i & 43 A A INEE K —# 5 4E
(Solidago canadensis). T -3& (Achillea millefolium).
i B2 oK (Poa pratensis). Mulpia octoflora. Poa
secunda. 7k £k %% (Chenopodium glaucum). Centaurea
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E; As,PF; Cg, K43, Cm, Centaurea maculosa; Mf, BFEf
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— K #EAE; Vo, Vulpia octoflora.

Fig. 1 The mass per seed of the ten species used in the ex-
periment (mean + SE). Different lowercase letters indicate sig-
nificant differences in mass per seed among species (p < 0.05).
Am, Achillea millefolium; As, Achnatherum sibiricum; Cg,
Chenopodium glaucum; Cm, Centaurea maculosa; Mf, Medi-
cago falcata; Pp, Poa pratensis; Ps, Poa secunda; Sb, Sipa
bungeana; Sc, Solidago canadensis; Vo, Vulpia octoflora.

maculosa . ¥ & & (Medicago falcata) fil 3
(Achnatherum sibiricum)ff ¥ it & #1102, 46, 20.
16+ 15 12, 3. 3F2f%(E1). Pyl 7 i =47
EREZF(F =1017, p<0.001). BAKITE, Wlpia
octoflora’s F i F.# A . Poa secundaffi ¥ i & 8]
T 55 3% % 5(p > 0.05); Centaurea maculosa5 B & 75
Z IR hFJ e R 3 2 5 (p > 0.05); HABAEAT R Ff
T PP o B I AE 2 3 22 7 (p < 0.05)(&1).
I, 10FHHEPI I Foh 5T 2T B — M FE
22 MFHE
221 ERHEMIE

Fih 7 B (F = 40.49, p < 0.001). HHERE(F =
48.26, p < 0.001)LA L EAZHAEH(F = 4.95, p <
0.001) ¥ 2 52 M5 X HE P I A] o S b, A
R HE T T () [ o - 38 R 3 0 i A K (1B12), 45,

R BRI P I T SRR R AR A

6+ 7 8. 9FNI0K; FHLFL R A1 15 X i I []
Bl - R R P B3 0 3 N7 9. 108121 K (8 em -3
I 280, FrLAA B IR E I E) . M &
(1% 184 D T A Ao L 3P 1) O T TR T
222 mALEHEE

R E((F = 4391, p<0.001). HIFEEF =
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Tl f K H B B AR, 70 822% 8% 41 19%;
M. SR 20K, Poa secundafiVulpia oc-
toflora B L i K I 2, 40 982% 77%-
75%F189%; KTEEL, B 75 fllCentaurea maculosa
WA FRE 0, 53 5847% 51%F61% (E2).

LOFEYI AN 7 H B EZEEHT0. 1F12 emf
TIRREE; PR B AR IED em IR R
YIFhE oM CHSE . K43, Centaurea maculosa.
H FLECK . Poa secundaflK 9 5E); #E0 emt 3R B
A3FP(THE. INEK—H LA ulpia octofloray;
162 em TR EA 1R ETE), AR T &
K P IR AEAR em ) R E (K2).
223 MR

PV 2B, ngs K — R B e Al +-((0.06 +
0.002) mg)f¥ #E0-1 cm T3 FER 1, T M
((0.14 £ 0.004) mg)7E0-2 emT-3EIRBERT HiT; Hih
HAK((0.33 £ 0.011) mg). Poa secunda ((0.43 +
0.017) mg)~ Vulpia octoflora ((0.41 + 0.009) mg)F17]
2((3.14 £ 0.102) mg)7E0—4 e T IEPRFE T, &K
2£%5((0.57 £ 0.043) mg). Centaurea maculosa ((1.97
£ 0.054) mg). FFETE((2.02 £ 0.044) mg)FIKT-E
((6.57 £ 0.260) mg)7E0-8 e - 3EIRE N HI T

FUR R S A e R R ) A
KRR =0.797, p = 0.006)(K3), BFpT H it +
SRR 52 P B ) o o (1 18 T IR 5.
B, YRR 22 T DA — e R
SR TRMFF-%f IR 521 KN X —25 RS
B2 (45 R — 2, 1B BORFh ¥ e 7R ORI
(A8 cm) T H T -
23 MFRE. HEEMTEHEEXR

0. LFI2 emBHIAETR, BRfTFiESH
B 3R (BT 2 3 AH K K £ (p > 0.05)(EI4A. 4C. 4E);
FE4RI8 em BT, P L [AFAE i35 IEAH G
FKA(r =0.863, p=0.001; r = 0.882, p < 0.001)(K
4G. 41).

PP STso M X RAM 7R RS HEEN
K ZARE AL, FE0L TAI2 ek B4R, Bk
FhF R S5 TsoZ MG E A K (p > 0.05)(El4B.
4D. 4F); TERREHFAF@NS cm) T, PIE A
B EMKFK AT =0.751, p=0.012;r =0.793, p=
0.006)(Kl4H 4J), iXuegh FR, 2+ AR
B, Pl 0 AR R LG TR RS R B
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Fig. 2 Changes in the seed emergence of 10 different plant species with five different soil burial depths and time (mean = SE).
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r=0.797, p=0.006

it £ 38 Tolerance to soil burial

2 4 6 8
BRI B Mass per seed (mg)
B3 FhrriESnEEERL R BB R0 S miEE
10FPA R CF PR R ZE) . RSB AR OGHE, p
ERRHAR,
Fig. 3 Relationship between seed mass and the tolerance to
soil burial. Each point represents 10 species (mean + SE). r

represents the correlation coefficient between two variables,
and the p represents probability.

K T (]

2 AR (0 TAI2 eI, Fh TR S
TsoZ AT 32 2 A 55 1 (p > 0.05)(KI5A. 5B. 5C); 4
ISR (A8 cm) I, Bl P R 5 Tso 2 [8]
TEE R E IEA R AR (r = 0.559, p=0.093; r = 0.930,
p<0.001)(5D. 5E).

3 g

TE AR, HEYEETE S AN FFP 2R A
M. BAAARFEYA AN FERAE, EEAKEA
K AEAH A BRBE Hf, W] B8 2 T8 B [ 3 B X 3R
(Crawley, 1997). FATARIL, ot A0 3R B 3L
5] 5 M R A P T~ T, AN R R ARl 7 HA B 7 1
HERREAEER., BHBIE, THREEE
FM R KT LA R H TR Tso ) B B 9%
Fo IRELLE BT T A EVIFIAKF EXFh7 K-
TPl R R AR, RN AHEERM RS20 5
HH P RS 2 ] BT O R R T SRR .

3.1 TIEREMNMTFRE-MHFHEXR NN

AT S LKW, VPR, B i 2 KA
SEREFTHEM—NEZENERE. X5LETR
T R T 7T 45 S (Winn, 1988; Baskin & Baskin,
1998; Li et al., 2006; Guo €t al., 2009; Miiller €t al.,
2018)— . A FITAFY APt B 0 1E B 3R
JEE S AR, 357 P A 3 SR B 56 o - L e R
Hn# F(Wang et al., 2018). F-ATR I, 10F Y FH T
T ) i IR AR AE R 2, FEEAEL em
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L2, TERAMM SRR LS —E
FEEE E AR T RO H i &, X 2625 L 5 Harper Al
Benton (1966)1H/F 7825 FAH— 8. o i i L3
REES P P s U DGR IR EEFIK 7 55
%4445 7% (Kondo & Sato, 2007). A S 45 34N i
1E IR JZ R A f s B H B 2, X5 DLATR
URIF 7T ) &5 S (W R F %5, 2007; Guo et al., 2009; Zhu
et al., 2014) AN [A. 2 AAN [ 285 AL AT g it DR 5 A ol
H & SRR SRR B A O, T g R
— R A, HR TR RN H DAL N, X
P TR O T B A TE L3R R H R R K.
M, WA N FAE A g i i, Hk
IR REZ T T35, AT AT RefE— e LA
TAE TR BT 78 2 BI7K 73 BE LT B T b7 1
R o Bl BT H A MR R B AR A R A7AE B
B ZE S, XUl B SR A R T LT TR
BAEZEEMN. XME O A EHT T T ATE L
(Ye et al., 2019a). H H*FIX 75 1 FIHLEAT FTAHKIRA
FE, XK R R I — AN

AT, P2 MEARHEYM T RES HEEZ
[F] 7545 FH 9% (Chen & Maun, 1999; Chen et al., 2002;
Paz et al., 2005). X —&518 2 TR FRFHEY A
[F AR B R 7R R T B FEAS I, A2 2 T A
[FE ) Fp IR ES T RNR R, WA
1) 5% ZRAEAN ) L R P2 N AT X B 23 BT (Peng,
2001; Miiller et al., 2018). A S E L HR T 10FH A [F]
TRl -7 i B 5 T R AE SN AN ] S B R R
M, RIAERBIR LA R, BobiRh 7 &
[F) H B 2R B AR AE TEAH DG OR &R, HIX M OGOk RAEEL
HEIEM N, X —RIEMH, TR
FE SR S M KT R Fh 7 T R P R OR RS
ERUR BT, RABRREM T YA H
WRE m T REE/NDM, XRS5 8K
TG B2 WE TR KT B SRR E
I AL 4745 5% (Baskin & Baskin, 1998). £ 450 1A 1 e
FAET, b R AR E A ) R R %
FER, e ARk KMPImI R gD, mEEZ
(1) A= 9 8 Sy B 45 b R 364 19 4B K (Seiwa et al.,
2002). /NPT ATREE T o4 N 2 AE KRR E
BTN RE PR S NBER 2 P H T (Wang et al.,
2018). ¢ LATA, TEHHE L2 hR7 0 T RE 2
— BN RE, SRR/ B S RHIE R 2 A
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Illustrations of seed mass vs. seed emergence and seed mass vs. Tsq at five different soil burial depths. The ten data points
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Fig. 5 Relationships between seed emergence and Tsq at five different soil burial depths. Each point per panel represents one tested

plant species (mean + SE).
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