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Abstract

Aims  Schoenoplectiella triangulata is an emergent plant species widely used in wetland vegetation restoration.
It is important to study the germination and dormancy characteristics of S. triangulata seeds from different
populations for germplasm collection and scientific utilization.

Methods In this study, differences in the morphological characteristics and germination characteristics of S.
triangulata seeds were investigated, and the mechanisms of seed dormancy were explored.

Important findings (1) The seeds of S. triangulata showed physiological dormancy (PD), and there were
significant differences in morphology, PD, 1000-grain mass and water absorption characteristics among
populations. (2) Light and variable temperature were conducive to seed germination of S. triangulata. (3) Sand
storage at low temperatures, water storage at low temperatures and sand storage at normal temperatures helped to
break the dormancy of S. triangulata seeds. Both fluridone and gibberellin treatments also helped to break the
dormancy of S. triangulata seeds, but these effects varied among different populations. (4) Among different
populations of S. triangulata, seed morphological characteristics, germination characteristics and dormancy
characteristics were correlated with environmental conditions of the collection site. These results indicate that
provenance should be considered when S. friangulata seeds were applied in wetland ecological restoration and
that proper seed treatments before sowing could improve seed germination and the effectiveness of ecological
restoration.
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Table 1  Provenance site information of Schoenoplectiella triangulata
= Ny N M2 /} V= =| —
A HBERE  RE Gtk FTUSUR Mean gk Annual
Site of collection  Population ID  Location Latitude and longitude C) P precipitation (mm)
{75 Hainan HN1 I EHE Changwang, Haikou 19.80°N, 110.25° E 254 1639
HN2 #EO2E1 Yangshan, Haikou 19.94°N, 110.31° E 25.4 1639
St M Guizhou GZ1 i Caohai 26.89°N, 104.23° E 10.5 950
GZ2 L Caohai 26.99°N, 104.24° E 10.5 950
YLV Jiangxi IX 1742 FYugan, Shangrao 28.91°N, 116.49° E 19.0 1700
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Fig. 1 Seed morphological characteristics of Schoenoplectiella triangulata in Jiangxi.
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Table 2  Differences in the morphology and 1000-grain mass of
Schoenoplectiella triangulata seeds among populations (mean + SE)

T R

U= o -

i £ Length % Width 1 Height TRiJfifE Thousand
Popula (mm) (mm) (mm) grain mass (g)
tion

ID

HN1  2.1240.12*  1.57+0.11* 0.81+0.08° 1.24 £0.03°
HN2  1.94+0.11" 1.47+0.09® 0.71+0.07¢ 0.85+0.02¢
GZ1 1.89+£0.16° 1.44+0.09° 0.75+0.06° 1.04 + 0.06>
GZ2 1.86+0.11° 1.23+0.14¢  0.63 £0.09¢ 0.99 +0.03¢

X 1.84+0.24° 1.48+0.10> 0.86+0.09* 1.04 £0.03°

HN1HE O S RERRE, HN2AEE DR ILARE, GZ1. GZ2R NI
WEARFEREE, IXCON LR TR RRNG ERRRHAZ W %R

Shangrao; Different lowercase letters indicate differences between two
groups (p<0.05).

IKELEFFIRAR, BEMiE Mgk, TERK
R s R R PR 1 R B B, AEAS () s DX AR () b
FARHR ) e A= FT 0 5 A A, TR E R GZ 1A
GZ2 AN FREE K BAEMFIRAR TR TG 235 3R .
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P R A s, HAadyb, WKV 3Fh
124t 5 A S B R R =, 1850% L bo X
IKBAEFH T 18 WA 3 5, iy Rk RA v

el YA = e, g YA = e, g
e (p<0.05). INTED, BKETEAK ATETET (B4,
HNI represents the Changwang population in Haikou, HN2 represents the
Yangshan population in Haikou, GZ1 and GZ2 represent different
populations in Caohai, Guizhou, and JX represents the Yugan population in
30 5 0.05 -

~ 1A 2 B

S = 1

e <

< 25 . S L]

g ) A W 5 0.04

& . E \E/ ]

5 20 - e L] i N
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1% 7K B 1] Water uptake time (h)

% 7K 5} [8] Water uptake time (h)

'm JX =A=HN1 =O- HN2 --»- GZ1 —%— GZ2

E2

AL X R HE R BAER T IROK AR AGE R A CP I EEMER) . ARNS FREFOREREE (p<0.05). HNINHE

FLEHERIRE, HN2AEHE DA, GZ1. GZ2RNSUN B AR FARE, IXON LR TR

Fig.2 Water uptake percentage and water uptake rate of Schoenoplectiella triangulata seeds from different populations (mean + SE).
Different lowercase letters indicate significant differences (p<0.05). HN1 represents the Changwang population in Haikou, HN2
represents the Yangshan population in Haikou, GZ1 and GZ2 represent different populations in Caohai, Guizhou, and JX represents

the Yugan population in Shangrao.
T3 AFEDCHEAA K BAER TR M0 P bRt

Table 3 Effects of different light conditions on the germination of Schoenoplectiella triangulate seeds (mean + SE) .

W JeRR %A # K% Percentage of germination (%)
Temperature ('C) Light condition HNI HN2 X GZ1 G72
10-15 JEHE Light 8.50 £ 1.50B2 9.50 +£2.50¢ 0+0C 0+ 0B 0+0%
A Dark 0£04° 0+ 0A® 0404 0+ 07 0+ 07
15-20 JEHE Light 32.50 £ 5.5042 53.00 + 8.5042 6.00 +5.0042 1.50 +£0.5082 0+ 0%
s Dark 0+ 07> 1.00 +0.504> 0+ 04> 0+ 07 0+ 042
20-25 JERE Light 7.75 +3.258 22.00 + 4.0088 10.0 + 8.00% 9.00 + 1.004 0+ 07
R Dark 0+ 04 0+0A 0.50 +0.254 0+ 04 0+ 04
25-30 JH Light 3.50 £2.50¢ 3.50 = 4.50P2 2.00 + 1.5082 7.50 £ 4.504 0+0%
MRS Dark 0+ 0A® 0+ 042 0.50 +£0.5042 0.50 +0.504° 0+0%
30-35 JEHE Light 0+0¢ 3.50 £2.50P2 0.75 £0.50¢ 1.00 +0.5082 0.75 £0.50%2
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% Dark 0404 0404 04042 004 0+ 0%
15 R Light 0+0% 1.50 + 1.25D2 0+0C 008> 0+ 04>
FEHE Dark 0404 0404 04042 004 0+ 0%
20 JElE Light 1.75 £0.75¢ 2.75+1.25™ 0.75 £0.50<° 0.50 + 0.508° 0+ 0A°
FEHE Dark 0+ 07 0+ 0% 0+ 0% 0+ 07 0 048
25 JGHE Light 2.50 + 1.00¢ 0.50 + 1.00"2 0.50 = 1.00<® 0.25 +0.508° 0+ 0A°
M Dark 0= 0Aa 0+ 072 0+ 07 0+ 07 0 048
30 JGHE Light 0+0C 0+0P 0+0C 0+ 0B 0.25 +0.5042
M Dark 0+ 042 0042 004 0+04 0+ 042

AR E FEERAR R AR FDG R RRR A N TR R E R B, AR/NG F RS R MR FHR A R DR IR 44 T 22 57 B2 (p<0.05) . HN1
i O EEANEE, HN2AHEDELFARE, GZI. GZ2ZRARMIEE AR, IOy ERAATREE.

Different uppercase letters indicate significant differences in germination rates among the same population under the same lighting and temperature conditions;
Different lowercase letters indicate significant differences between populations under the same population, temperature, and lighting conditions (p<0.05). HN1
represents the Changwang population in Haikou, HN2 represents the Yangshan population in Haikou, GZ1 and GZ2 represent different populations in Caohai,
Guizhou, and JX represents the Yugan population in Shangrao.

70 A 25 B 45 C
360 _ 40 a
< S20 =
: o5
‘ESO ks a ] a a
g E 230 < &
240 g1s IR 8 a N g
g g §25 ~
£30 E I EP)
g v 310 T 3 5 \
S0 = £15
= = =
;& fﬁ 5 3510 -
=10 = = ‘b
5 %

@ \g%? QEL&%N_

288827 a 28438 ©RAR

ERE I 2 ER

il Temperature (°C)
—a— HN]l =O0= HN2 * JX —&— GZ1 =24- GZ2

B3 ARIREAM T KEBMFH S CPHE TR . ARNSERRREREE (p<0.05). HNIAH SRR
B, HN2MEEOEILFEE, GZ1. GZ2RATHNELEAFFRE, XN ERRTFf.

Fig. 3 Germination dynamics of Schoenoplectiella triangulate seeds under different temperature conditions (mean =+ SE). Different
lowercase letters indicate differences between two groups (p<0.05). HN1 represents the Changwang population in Haikou, HN2
represents the Yangshan population in Haikou, GZ1 and GZ2 represent different populations in Caohai, Guizhou, and JX represents
the Yugan population in Shangrao.

T T NESHTIOREE. AE6ETT I APAEIT IR AEEIRE SR AR FDO K B AR T W R MR

Table 4 Effects of population, manner, time, temperature and their interaction on the germination of Schoenoplectiella triangulate seeds based on generalized
linear analysis

[A-¥ Factor Wald’s 2 df P X Factor Wald’s y2 df )4

F#E Population (P) 664.030 4 <0.001 M x Te 88.044 2 <0.001
1207530 Manner (M) 190.189 2 <0.001 M x Ti 170.335 6 <0.001
TEABIEE Temperature (Te) 142.543 1 <0.001 Ti x Te 58.457 3 <0.001
FEAEI 1A] Time (Ti) 515916 3 <0.001 P xM x Te 107.331 8 <0.001
PxM 193.495 8 <0.001 PxMxTi 165.427 24 <0.001
P x Te 139.538 4 <0.001 P x Ti x Te 109.271 12 <0.001
P x Ti 553.715 12 <0.001 M x Ti x Te 65.653 6 <0.001
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Cumulative germination rate (%)

P = NN |
(=]
f

(=]

WRAE: IRBACRN T BT RCRAE I 22 57 BRI B 7 i

—=— A7) Low temperature sand reservoir
- o %7K Low temperature water reservoir

~ T Low temperature dry reservoir
7> Normal temperature sand reservoir
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ANEFPHEE, XN L /5eR TR . Fig. 4 Effects of storage conditions on the cumulative germination percentage of Schoenoplectiella

triangulate seeds. HN1 represents the Changwang population in Haikou, HN2 represents the Yangshan population in Haikou, GZ1
and GZ2 represent different populations in Caohai, Guizhou, and JX represents the Yugan population in Shangrao.
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ANENEFRFREREE (p<0.05). HAPHNUAREOBEMEE, HN2NE®EOELMEE, GZ1. GZ2RARME AR
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Fig. 5 Effects of storage time on the germination percentage of Schoenoplectiella triangulate seeds (mean + SE).. A, Low
temperature plus sand reservoir. B, Low temperature plus water reservoir. C, Low temperature plus dry reservoir. D, Normal
temperature plus sand reservoir. E, Normal temperature plus water reservoir. F, Normal temperature plus dry reservoir. Different
lowercase letters indicate differences between two groups (p<0.05). HN1 represents the Changwang population in Haikou, HN2
represents the Yangshan population in Haikou, GZ1 and GZ2 represent different populations in Caohai, Guizhou, and JX represents

the Yugan population in Shangrao.

FLAL 2 0] LA B T35 20 Bl K B AL P T IR AR
MR . SRR EL, FLACBRAIHTALHNT . XA
GZ1I/KBHM FRIR, BEREMTHAE, |
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GA M EEA B T80 70 B K B AP TR 4T
. GAALHEL AT FT B HNTFIX /K BAE A TR IR,
RERSM TR, BAMTFE; HENT
HN2. GZIFIGZ2HIME AR . GAKbIE 5 A K (1)
YIRS FIEH KB 4 i A ot B e Bk (I 7D),
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ok LB G 3T,
3 HHSe

TEK B NS N R A, HEY) 2 T RS [R) i
N7 SRS LA B 7 A AR 85, $E & A (Lorres et al.,
2017). MFREASHZEM . R TR ARIR M L
1) 22 S 1 2 A A0 6T AN [R5 1) A A7 SR B (Sun. &
Li, 2020). PFARFA R X K BAEM T IS
AEBRARRYE . BT RRRIE DASARIRR I 1) 22 5, R
IR RS AR, X TR AT
B HOAR B K 52 DA R A el bR P AR LA B S
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HN1J9ifg B REREE, HN2NEEOEILFEE, GZ1. GZ2RASM AR, X8 LR TR,

Fig. 6 Effects of Fluridone on the germination of Schoenoplectiella triangulate seeds (mean + SE). A, Germination percentage. B,
Germination index. C, Germination time-lag. D, Seedling morphology (from left to right, on day 2, 4, 5, 6, 7, 9, 11 and 14 after JX
seeds treated by FL germinated). Different lowercase letters indicate differences between two groups (p<0.05). HN1 represents the
Changwang population in Haikou, HN2 represents the Yangshan population in Haikou, GZ1 and GZ2 represent different populations
in Caohai, Guizhou, and JX represents the Yugan population in Shangrao.
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Fig. 7 Effects of Gibberellins on the germination of Schoenoplectiella triangulate seeds (mean + SE). A, Germination percentage. B,

seeds treated by GAs germinated). Different lowercase letters indicate differences between two groups (p<0.05). HN1 represents the
Changwang population in Haikou, HN2 represents the Yangshan population in Haikou, GZ1 and GZ2 represent different populations
in Caohai, Guizhou, and JX represents the Yugan population in Shangrao.
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ANFIRK PEAAAEROR 22 5, I HXPRhFfksemi e IR, ST BURE RIRE . AR as R

&, FhT RHRERE R S R R R B AN R DX K B AR R A fo (A T P 22 5 A
YRR 5 AN IR T K
SN Gt B Al T B AR B S M T N AHIE FEEE R R AK BT ISR 8K

R R 4% (Vicente er al., 2020). FF N RDCEE RetEAEAS R DO (R A2 7E BH 2 22 5, JE X+
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%,2012). PUKHEWE L (Vallisneria natans) HIF  IX5GZ1. GZ2AIMERIT, tHIER] TR FROTES
TOTE B SR TR, R RRECREREII NN e S5 R E S SR A b I M B R B A O

W (RS, 2021), 1MV ERHE KA P R G 5 1 Ff AN [7) 1t DX 22 ) ot 1 %) 22 e o 2R,
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Fig. 8 Cluster analysis of Schoenoplectiella triangulata seeds
from different populations. Length, Width, Height, Weight, and

LR KBAER TR AR R 2 0 RARIRAR R 59 1

WA are the length, width, height, 1,000 grain weight, and water
absorption rate of seeds, respectively, The populations of HN1,
HN2, GZ1, GZ2 and JX were the same as those in Table 1.
GRTI1, GRT2, GRT3, GRT4 and GRTS are the germination
percentages under five variable temperatures, respectively.
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Correlation analyses among morphological characteristics, germination percentage and environmental factors of

Schoenoplectiella triangulata seeds from different populations. Long, longitude; Lat, latitude; AAT, annual average temperature; AR,
annual rainfall; WA, water absorption rate of seeds; GRT1, GRT2, GRT3, GRT4, GRTS, the germination percentages under five

variable temperatures, respectively.
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