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Abstract Vascular plants, as the major clade of land plants, represent the most important plant
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group that colonized the land during the Paleozoic. Fossil records demonstrate that vascular plants first
appeared in the Silurian and then underwent significant radiation during the Devonian. Plants from the
Silurian-Devonian periods represent the ancestors or stem groups of modern lineages such as the lycopsids,
equisetopsids, filicopsids, and seed plants, foreshadowing their earliest differentiation. The total genus-
level diversity of vascular plants gradually increased from the Silurian, reached the first peak during the
Pragian, which was then followed by two decline-rise fluctuations, with one peak registrated during the
late Givetian and another peak during the late Famennian. The vegetation types of the Silurian to Early
Devonian include rhyniopsid herblands, zosterophyllopsid herblands and zosterophyllopsid-early euphyllo-
phyte mixed herblands, with sporadic occurrences of shrubs and wetlands. During the Middle and Late
Devonian, herblands, wetlands and shrubs continued to develop, while emerged new vegetation types
such as cladoxylopsid forests, lycopsid forests, and progymnosperm forests. Along with the Silurian-
Devonian radiation of vascular plants, the vegetation carbon stock significantly expanded, and the soil
inorganic carbon stock also increased, as indicated by the dramatic increase of calcareous paleosols. Some
Lower Devonian paleosols have inorganic carbon densities comparable to the modern maximum values.
Since the Middle Devonian, the records of coal ( paleo-histosols) gradually increased, indicating a
significant rise in the amount of soil organic carbon. The increase of terrestrial carbon burial during the
Silurian-Devonian was indicated by the accumulation of carbon-rich soils such as histosols and calcareous
soils. Through diagenesis, carbon from surface system was converted into paleosols as a part of the
lithosphere carbon stock, with an effect of long-term carbon sequestration. Future efforts, on one side,
should be put into the systematics and classification of plant fossils, and as well as the study of
paleobotanical community ecology and the classification of early vegetation. On the other side, the
reconstruction of whole-plants and their communities, model simulations, and other methods could be
conducted to estimate the vegetation carbon stocks of different time intervals. The information of surface soil
carbon storage of different time intervals and burial efficiency of paleosols should be used to constrain the
carbon cycle processes in Earth System models.

Key words plant terrestrialization, vegetation evolution, coal, paleosol, soil organic carbon,
soil inorganic carbon, terrestrial carbon burial, carbon stocks
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EXTEATRI Ry 26 W A58 38 (BR LERIE . Ak
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KIETRA . TR . AW BRAY . A Fad . FIER T
Y% (K 1; Hao and Xue, 2013; 3k FE 1A <F
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Fig. 1 Evolution of large clades of vascular plants through geological time (modified from Cleal and Cascales-Mifiana, 2014 )
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e, IRl AT 4R (Bai et al., 2022) . #2442
WH BRIt R T, IO — SRR T S R
(F 104, 2008; Huang et al., 2017, 2022; Xj
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H o B H B985 (Taylor et al., 2009) o AR 24
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Wang et al., 2018; X| ¥ 4, 2020; Bai et al.,
2022; Yang and Wang, 2022; Yang et al., 2024),
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SRR
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F PE4E, 2010; Xiong et al., 2013; RE OW 2 4%
2021; Cleal and Cascales-Mifiana, 2014; Capel
et al., 2021, 2022, 2023), T X £ ZE K HE Capel
S8 (2022) BB AETAEY R R E RO, o
PriZf L —RBELHINER (K 2),
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K2 SHL—RZLEEHEY )RR ZL
(J& Capel et al., 2022; AHEBH)

Fig.2 Genus-level diversity of Silurian-Devonian vascular plants

(modified from Capel et al., 2022)
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FEE A 2L ( Observed diversity pattern B{ Raw diversity
pattern) JETEAEZL KL DREAS ML “H LW £
FEVEBARE S, D3R R R — R Pk o

1.3 HEHEBREW

XF T IR =, AT DL WSS R v S
fiE . RIS, BEVRSSHFIIEE . AR BE A1 DL S
B3 A R AR S5 R BRI R RO R R 2E Y, B A 4 0
KAEG (k= 2020), #Rim, HAix & E L
— VAR LA R AL S SR B A R W R, —
7 T 2 T R ARV A S R SR A B S
—J7 T BT 75 B 40— 8 A 2O A 1 ZH RN S5 4
A BAFAE W% 22 5%, ANREAEEEMNIAARIE,
AL % B 4H  ( Vegetation Formation Group) £ 4%
B HEM O ROARMIWE . SR IS RS g A
B WwEE (M) SOKAER . RO, ko
T S TCA L BE 9 285 ZEMI BRI T, AT R 73 i
N[5 1) L Y BB A R L B AR R AL ((Vegeta-
tion type) (JrH§ = AF, 2020) o T SCfi 4 BACHE Bk
RS IR R, 258 E N IR YRR 1 5 AT
WAV, R AR R

A AL A YEE R AT RE R N AR, TE R L
SR EATH A BRI . AR A AR Z R L
RN EY N ES (Edwards and Richardson,
2004) , HEWLZEERIA]FR Ay IE TR M . b [
JIR My X7 ) K B R T 6 A0 R A ) T A R
=, WHERICHRA . TR S mT AE Y B AR ) 5L
rF (SEE A, 1995; EREFMARUEN, 2009),
EHED AT REATI LASK SR BR AN Ry AR, Fr LA ] 5 AR
JEBRFEHTH o I & KA X Bathurst [ 7 H 19 2 15 3%
AR UL TN £ (Kotyk et al., 2002) ,
ARy e A R B, ek, AR R
S BAE R E LB (Taylor er al., 2009)

LY G A4 IR IR R AR, B
MTTH LR RE 7 AT AN BEAR R 5 R A . e g T e 7t
W s AE AR DL R AN o 2 S (AR L B
43%) , HR BRI EMREY (YR B g 22%)
(Hao and Xue, 2013), HILA[FRHN TRRE—FEH
FLM R IR A st L8 A TR 2 A R i R
9 (LIRIE Zosterophyllum) . A FASPRER H  (HRIk
J& Drepanophycus ) LA M H Ath 18 #) ¥ 5 ( Wang
et al., 2002) , DIRT & s B, N al #xoh T
BRZE—BRIR IS TR At o DM L U8 A 1 0 LL A W

H. Zosterophyllum . Adoketophyton . Hedeia %5 ( Huang
et al., 2025) , LATRRIS S0 H, Wl Ry TRk K &
(B 3; 1),

EAS TR R R 2, 1A HL RS 00 06 09 2 3 g 38 441
A T I AEY) K T WA AR BER (Pfeiler and
Tomescu, 2023), BIARAM, EATTREE R T H
B ERP ALY RN T Hh, R PR b
20 . JInZE K Val &’Amour 24 Fil Campbellton 24 7, H
B = AR 0 T A Bk 5 T s B LR DT AR (Kenne-
dy et al., 2013) , 4575 KLY 7 A7 76 FE AR H (7R
) o

FP 8 A T B R R R A AU AR AR AR RS
o, BEMCA ATREWRAFAE, [EX R 2R 1 R
Wi, ARMEFIBT BTSRRI, PR
A RRARLAAESE | BRI A0 B R AR AR AR, 12k
ARMAESCAE R O B, 76 35 4 R 301 35 21 % e
(Berry, 2019), %4125 #E 58 Moscow 4 YA
PRI MM TR B M 743 (Stein et al., 2012), H 3=
1K Eospermatopteris, e H- Tk H . A1 ¥4 2K 5
T, RWI LAY BRI C O SR A% . AR R (R 4
JEHROR R IUBRE AR, KT /IMAERL AT AR )
B AR MK (Cai and Chen, 1996; Wang et al., 2007;
WS, 2026) o BRARARSL, e A T B A AE B
AT WA, AR ARG R H 2 v e A
8 A gy 7 (Li, 19905 %€ FH A E BE, 19955
Liu et al., 2024b) , #8068 AR K B, e s
THR— AN S B ) (RS AE, 1993),
MBI AL TR R Y B R, —SEa AN e EL
FEL) T RETE BT M B V%

e, e 7% T 1% A A3 TR AL [ e B 935 R AR AR AR
0 FIE PN 03X — I B 1 AR PR T D A R ZE AR AR A
HIR FAE D ARAR, A% 0O R 0 T 48 W R Lep-
tophloeum . W. # AR Sublepidodendron. |~ i K
Guangdedendron 55 (2= B ¢4, 1986; Wang et al.,
2003, 2019), J5#& MR Tt F N Archaeop-
teris (Berry, 2019) . B2t 49 v i) 3 5 i H LI AL
TR, B AR R BR (Taylor et al., 2009)
W 8 7 T — SERA O BRI | 1 J D) 0K 26 mT RETE
BGHEIN, BRI E AR AT BB AR N AR, o] RE A
AT HENBL AR BEYS (Huang et al., 2017, 2022),
Wele 2 C B 2 0, By E A7 18 iR
M, EEREMERZTEAMIIE, Scheckler (1986)
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H Xue et al., 2016 WM ERE; BB 2IE) 5 C—R i) R AR——FE [ Lindlar tp 2 25 L AER B IBIRZE AR AR (51 B Berry, 20195 Pe-
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Fig. 3 Reconstruction of several representative Devonian vegetation types
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2.1 BBtk E

PR B i P2 AL FE R BRI | - AR A A
Hr R (B 4) o B Bk I, kR 29k 450
~650 Gt (Chapin et al., 2011; Bar-On et al., 2018;
Friedlingstein et al., 2025; 1Gt /5 10°t), Hrh
P R Y B R — 2, T At 2 B A AR
MTTHR T 55 4h 30% W FE 91 4 ) & ( Chapin et al.,
2011) , W EBRIED, BAKZ N 1400 Gt ( Friedling-
stein et al., 2025). -+ 36k F 55 - 5 A WLk

(‘soil organic carbon, SOC) Fl+IFELHLEK (soil in-
organic carbon, SIC) 2 N#R4y, FLwp 4 3 H Pk
TR EEY . AT A LB IS R AR LA K
TIEHEY IR AR (S BEIRSE, 2024), Tt
SETCHL AR T A8 3 h AR CO, . AR Y
H,CO,, HCO™ | CO3 LUK [& AR i J5 AR B R 2h i )
ORBE TR BB 5 UCERRIREET Y (A
WL A= 8) (Huang et al., 2024) o X F £
St , A [A) D5 A B A AL A R AT A AR BUOR 22
S, U Plaza 5 (2018) UM 45 RNy 2 Bkb 3R
2m +3E R HLAR S 204739 Gt, JoHLEK N 1558
£19 Gt, |fij Huang 2 (2024) fHBE N LFKHME 2m
TIE A TCHLER Jy 23052636 G, M X 26 Al 53 25
R, RIERRE TR AR IER T . KRR
W (29890 Gt) 11 4 1%,
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Table 1 Several representative vegetation types of the Silurian-Devonian periods
B L 21 TP A e N R &) AR A YRR S
Gerrienne 2 (2006) % B 1 Al 58 5 R 47 1t
— #[5] Anglo-Welsh 4% 7 5 Prerinea J2, ;iﬁ*f;:ﬂlﬁfgigi %z;
AHRTEPR £ f Cooksonia( Edwards and Richardson,2004) ‘:U sonia YIRA S A AR IR 12y s, ==
FEHE0.6~1.0 mm, ZIIFEL
JL[E Anglo-Welsh 25 i T Jg 2L 45 Ditton 4, H £
Py &8\ i Cooksonia , Salopella , Tortilicaulis %5 ( Edwards 41 |-
and Richardson,2004)
Hao 45 (2010) & ¥ 1 MiT 52 8 \) Zos-
g K He X Bathurst £ %' £ 3% %5, Ho cf. o )& * &]&E ﬁ%ﬁ\ﬂ’] (i
I . . . terophyllum F3 2%, B 7% # #k #b I ¥ 43 =
TR b Bathurstia sp. ,Zosterophyllum sp.% ( Kotyk et al., )
2002) 98 mm , RRGE L 20 mm, A Y EARZ LA
% 0.028
S A 51 F U 45 56 85 1L BEL B Zosterophyllum
3 TR australianum | Z. baoyangense, i 4= Adoketophy- 4l I
ton Hedeia % ( Huang et al., 2025)
Wi 55, 1Bk 28 Discalis A8 ¥k & 29 20 ~
ey SR CILTFIRA G AN vh 4, TR Fh o b L o
R — R : ] 30 cm, WG I BR Eophylloph = 2 50 ~
BRI T o st it 220 A SR penplion BUREES S
e E A % (Hao and Xue,2013) cm ( Hao and Beck, ; Hao and Xue,
2013)
T =g T U 8 G4 vh 4l , Zosterophyllum F - & Schweitzer( 1980) , Drepanophycus i {4 Hi
?:iéiﬂg - Drepanophycus #§ 3 % WL , [6] B IR 2E Hedeia \Huia 13 43 5 50 ~ 60 cm; #i Xue % (2016)
e % (Wang et al., 2002;Xue et al., 2016) Drepanophycus B2 % Je KL T2 R4
S R A o [ 2 e R EL AR B
o ?ﬁﬂﬂlg*(}?ﬁlijﬁﬂAD,ﬂ,' *E{l'\%%‘fﬁ Iy W 45 (2026) 42 i Minarodendron 25 T
Ji i 8 A 26 B JEAL 1 JE 06 95 A S AE ¥ Minarodendron (H e [ . - .
4 B ATk 1 m, 98 4~5 mm, AT REH &) A4 K
4 2026)
Eospermatopteris B AR 57 55 50 ~ 150 cm, 7
R E AL M PG Moscow H, FRAK ARy Z D 8 m, AL & W JBi 7% , (U 7 B 75 78
R FR AR Eospermatopteris WA, FRATERK W B AT 1200 m? 1y J& £ 25 Ak B 7 L 29 2 200 4
¥ (Stein et al., 2012) Eospermatopteris W L\ J HoAth ¥ #) Fp 2% ( Stein
et al., 2012)
CHALER AR O U A i B R (FE
W TR LIRS TR UL, AR AR KW Guang- . o -
FOyN I . N 2 250000 m*) By FEAK, F1K K Guangdedendron
AR TR dedendron B AR (“FIHLARAR ) AL 140 FOBR KA A L 1~7.7 m f k& (£ F 3.2
J4: (Wang et al., 2019; Yang et al., 2024) it L A m REA AT S 2 m
B RER 38 AR/ m%( Wang et al., 2019)
Arcl teris/ Callixylon {1k £1 3 T H 12 £ />
Archaeopteris/ Callixylon 7£ i I8 %3 it 4 BR | 45 ; lrcsl(lel)[gr{:i Eu/llle'(;m f o ;J:W 41 20/
.S m, Jik S m, URNE ~
B TR AR AR S M b 2 Plavekin g, ey ST D B L
WA Archaeopteris JF i AR Z& (Stein et al., 2020) m HRIRGGE U2 A B 4 3 (Taylor
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Fig. 4 The global carbon cycle of present-day Earth (modified from Friedlingstein et al., 2025;

vegetation and soil carbon stocks based on other sources, referring to the main text)
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Fig. 5 Global patterns of vegetation biomass and NPP of three intervals during the Silurian-Devonian periods,

estimated by the SCION-FLORA coupling model ( after Gurung et al.,2024)
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Fig. 6  Soil carbon processes in arid and humid environments
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Fig. 7 Workflow used to study and interpret the Silurian-Devonian vegetation and soils
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