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Table S1. Compilation of fern species from which the tolerance to subzero temperature has already been tested in the literature in
greentissues (either sporophyte, gametophyte or chlorophyllous spore). The parameter/approach used to estimate toleranceto subzero
temperature, as well as the country and the original reference are specified.

Tissue (Spore, Below-Zero
Species Gametophyte Temperature Measured Parameters Country Reference
or Leaf) Tested (T)

Freezing tolerance, ice
nucleation temperature and
ice expansion pattern

Adiantum capillus-veneris Fern&ndez-Mar m et al.,

(Pteridaceae) Sporophyte -7 “Measuring chlorophyll Austria 2021
fluorescence and pigment
compositions (Fv/Fm)”
Frost resistance
Adiantum pedatum Gametophyte 40 “Regreening of the whole :
(Pteridaceae) Sporophyte -10 leaf, 3 weeks after thawing” Japan Sato & Sakai, 1981
for the sporophyte
Frost tolerance
Alsophila smithii _ Experimental Methods and .
(Cyatheaceae) Sporophyte 4.2 Assessment of Damage New Zealand  Bannister, 2003
Severity
Frost tolerance
Alsophila smithii _ “Evaluation of leaf damage Warrington & Stanley,
(Cyatheaceae) Sporophyte 4.2 after 4 weeks of exposure to New Zealand 1987
frost”
. . . Frost resistance
Anglopterls_helferlana Gametophyte -3 “Survival, estimated as Japan Sato, 1982
(Marattiaceae) Sporophyte -3

capacity to grow”
Frost resistance
Gametophyte —40 “Survival, estimated as Japan Sato, 1982
capacity to grow”
Frost resistance
“Survival, estimated as Japan Sato, 1982
capacity to grow”
Freezing tolerance, ice
nucleation temperature and
ice expansion pattern Austria Fernandez-Mar m et al.,
“Measuring chlorophyll 2021
fluorescence and pigment
compositions (Fv/Fm)”
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Arachniodes mutica
(Dryopteridaceae)

Arachniodes standishii  Gametophyte =20
(Dryopteridaceae) Sporophyte  —7to—12.5

Asplenium ceterach

(Aspleniaceae) Sporophyte —7
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Frost resistance

Asplenium laciniatum  Gametophyte =20 « ) .
(Aspleniaceae) Sporophyte -12.5 S‘i;‘;;’glt’yef:;zag as Japan Sato, 1382
Freezing resistance
Asplenium incisum Gametophyte .. “Regreening of the whole :
(Aspleniaceae) Sporophyte 510-20 leaf, 3weeks after thawing” Japan Sato & Sakai, 1981
for the sporophyte
Asplenium incisum Frost resistance
P ; Gametophyte -40 “Survival, estimated as Japan Sato, 1982
(Aspleniaceae) capacity to grow”
Frost resistance
Asplenium se_ptentrlonale Gametophyte 10 Survival, estlmated th_rough Germany Kappen,1964
(Aspleniaceae) plasma resrl]stance in
sporophytes”
frost damage, survival
Asplenium septentrionale _ “Through linear regression Bremer & Jongejans,
(Aspleniaceae) Sporophyte 23 analysis, calculation of total Netherlands 2010
leaf area”
frost resistance
Asplenium septentrionale _ “Through the extraction of . Voronkov & Ivanova,
(Aspleniaceae) Sporophyte 10 fatty acids (FAs) from lipids Russia 2022
in the leaves.”
Freezing tolerance, ice
nucleation temperature and
Asplenium septentrionale _ ice expansion pattern . Fern&ndez-Mar m et al.,
(Aspleniaceae) Sporophyte ! “Measuring chlorophyll Austria 2021
fluorescence and pigment
compositions (Fv/Fm)”
: : Frost resistance
Asplenium scolopendrium ot 40 “Survival, estimated as Japan Sato, 1982
(Aspleniaceae) capacity to grow”
Frost resistance
Asplenium scc_)lopendrlum Sporophyte 148 Survival, estlmated th_rough Germany Kappen, 1964
(Aspleniaceae) plasma resrl]stance in
sporophytes”
Freezing tolerance, ice
nucleation temperature and
Asplenium trichomanes Sporophvte 5 ice expansion pattern Austria Fern&ndez-Marm et al.,
(Aspleniaceae) porophy “Measuring chlorophyll 2021
fluorescence and pigment
compositions (Fv/Fm)”
Frost resistance
Asplenium tlflchomanes Sporophyte 11 Survival, estlr_nated th_rough Germany Kappen,1964
(Aspleniaceae) plasma resrl]stance in
sporophytes”
Frost resistance
Asplenium trichomanes _ _ “Survival, estimated as
(Aspleniaceae) Gametophyte 10to —21 gametophyte’s capacity to Germany Kappen,1965
grOW”
Frost resistance
Asplenium ruta-muraria Sporophyte 10 Survival, estlmated th_rough Germany Kappen,1964
(Aspleniaceae) plasma resrllstance in
sporophytes”
Frost resistance
Asplenium platyneuron _ _ “Survival through .
(Aspleniaceae) Gametophyte 12t0-23 experimental cultures of USA Pickett, 1914
prothalli”
Frost resistance
Asplenium bulbiferum Sporophyte 6 Experimental Methods and New Zealand  Bannister, 2003

(Aspleniaceae)

Assessment of Damage
Severity
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Asplenium flaccidum

Frost resistance
Experimental Methods and

(Aspleniaceae) Sporophyte -6.5 Assessment of Damage New Zealand  Bannister, 2003
Severity
Frost resistance
Asplenium radicans _ _ “Survival through .
(Aspleniaceae) Gametophyte 12t0-23 experimental cultures of USA Pickett, 1914
prothalli”
freezing resistance
Athyrium vidalii Gametophyte —40 “Regreening of the whole :
(Athyriaceae) Sporophyte —5t0-20 leaf, 3weeks after thawing” Japan Sato & Sakai, 1981
for the sporophyte
Athyrium filix-femina o Frost Resistance .
(Athyriaceae) Sporophyte 2103 “Through observations” UK Bannister, 1973
Frost resistance
Athyrium filix-femina _ _ “Survival, estimated as
(Athyriaceae) Gametophyte 10to —21 gametophyte’s capacity to Germany Kappen,1965
g[_0w37
Freezing resistance
Athyrium yokoscense ~ Gametophyte —40 “Regreening of the whole :
(Athyriaceae) Sporophyte -5t0—-20 leaf, 3weeks after thawing” Japan Sato & Sakai, 1981
for the sporophyte
Athyrium yokoscense Frost resistance
y y Gametophyte —40 “Survival, estimated as Japan Sato, 1982
(Athyriaceae) . »
capacity to grow
Athyrium niponicum Frost resistance
y 1P Gametophyte —40 “Survival, estimated as Japan Sato, 1982
(Athyriaceae) . »
capacity to grow
. g Frost resistance
Athyrlum vidalii Gametophyte -30 “Survival, estimated as Japan Sato, 1982
(Athyriaceae) . »
capacity to grow
Blechnum spicant e Frost Resistance :
(Blechnaceae) Sporophyte Sto-87 “Through observations” UK Bannister, 1973
Blechnum spicant B Frost resistance
(Blechnaceae) Sporophyte 25 “Through saturated humidity” Germany Kappen,1966
Frost resistance
Blechnum spicant _ “Survival, estimated through
(Blechnaceae) Sporophyte 195 plasma resistance in Germany Kappen,1964
sporophytes”
Frost resistance
Blechnum chambersii B Experimental Methods and .
(Blechnaceae) Sporophyte 3.2 Assessment of Damage New Zealand  Bannister, 2003
Severity
Frost resistance
Blechnum discolor _ Experimental Methods and :
(Blechnaceae) Sporophyte 8.6 Assessment of Damage New Zealand  Bannister, 2003
Severity
. e Frost Resistance ;
Blechnum penna-marina Sporophyte St~ “Through short-term exposureNew Zealand Bannister & Fagan,
(Blechnaceae) =20 . - 1989
to low and high temperatures
Frost Resistance
Blechnum penna-marina —5to -7 “Quantification of the
P Sporophyte relationship between damageNew Zealand  Bannister, 1984a
(Blechnaceae) =20
and exposure temperature to
cold using probit analysis”
Frost resistance
Blechnum procerum _ Experimental Methods and .
(Blechnaceae) Sporophyte 5.8 Assessment of Damage New Zealand  Bannister, 2003
Severity
. Frost resistance
Cyrtomium falcatum  Gametophyte =30 « ) .
(Dryopteridaceae) Sporophyte 15 Survival, estimated as Japan Sato, 1982

capacity to grow”
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Cystopteris fragilis

Frost resistance

(Cystopteridaceae) Gametophyte -40 “SuerVgl, est1mate(’1’ as Japan Sato, 1982
capacity to grow
Frost resistance
Cystopteris fragilis _ _ “Survival, estimated as
(Cystopteridaceae) Gametophyte 10to-21 gametophyte’s capacity to Germany Kappen, 1965
grow7’
Frost Resistance
Davallia tasmanii “Quantification of the
(Davalliaceae) Sporophyte -5 relationship between damageNew Zealand  Bannister, 1984b
and exposure temperature to
cold using probit analysis
freezing resistance
Deparia pterorachis =~ Gametophyte —-40 “Regreening of the whole .
(Athyriaceae) Sporophyte —-5t0—-20 leaf, 3weeks after thawing” Japan Sato & Sakai, 1981
for the sporophyte
Deparia pterorachis Frost resistance
thyriaceae ameto te - urvival, estimated as apan ato,
Athyri G phy 30 “Survival, esti d Jap Sato, 1982
capacity to grow”
Frost tolerance
Dicksonia fibrosa v Experimental Methods and .
(Dicksoniaceae) Sporophyte 8to—11 Assessment of Damage New Zealand  Bannister, 2003
Severity
Frost tolerance
Dicksonia fibrosa i “Evaluation of leaf damage Warrington and Stanley,
(Dicksoniaceae) Sporophyte 8to-11 after 4 weeks of exposure to New Zealand 1987
frost”
Frost tolerance
Dicksonia squarrosa _ Experimental Methods and :
(Dicksoniaceae) Sporophyte 6.5 Assessment of Damage New Zealand ~ Bannister 2003
Severity
Diplazium squamigerum Frost resistance
P 9 g Gametophyte —-40 “Survival, estimated as Japan Sato, 1982
(Athyriaceae)
capacity to grow”
Freezing resistance
Dryopteri samurensis ~ Gametophyte =40 “Regreening of the whole :
(Dryopteridaceae) Sporophyte —51t0—-20 leaf, 3 weeks after thawing” Japan Sato & Sakai, 1981
for the sporophyte
Dryopteris amurensis Frost resistance
yop . Gametophyte -40 “Survival, estimated as Japan Sato, 1982
(Dryopteridaceae) . .
capacity to grow
Freezing resistance
Dryopteris laeta Gametophyte -40 “Regreening of the whole .
(Dryopteridaceae) Sporophyte —5t0—-20 leaf, 3weeks after thawing” Japan Sato & Sakai, 1981
for the sporophyte
. B Freezing resistance
Dryopteris laeta  Gametophyte 40 “Survival, estimated as  Japan Sato, 1982
(Dryopteridaceae) Sporophyte -51t0-20 . »
capacity to grow
Freezing resistance
Dryopteris monticola ~ Gametophyte =40 “Regreening of the whole .
(Dryopteridaceae) Sporophyte -5t0—-20 leaf, 3weeks after thawing” Japan Sato & Sakai, 1981
for the sporophyte
Dryopteris intermedia _ Photosynthetic Capacity and Noodén & Wagner,
(Dryopteridaceae) Sporophyte 10 Leaf Reorientation USA 1997
Survival
Dryopteris intermedia _ _ “Investigating the Softening .
(Dryopteridaceae) Sporophyte 3to~7.2 of Stipe for Evolutionary USA Tessier, 2018
Adaptation”
s Frost Resistance
Dryopteris filix-mas Sporophyte -5to—-11 “Quantification of the  New Zealand  Bannister, 1984

(Dryopteridaceae)

relationship between damage
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and exposure temperature to
cold using probit analysis

Dryopteris filix-mas

Frost Resistance

(Dryopteridaceae) Sporophyte ~5t0-87 “Through observations” UK Bannister, 1973
Frost resistance
Dryopteris filix-mas _ “Survival, estimated through
(Dryopteridaceae) Sporophyte 138 plasma resistance in Germany Kappen,1964
sporophytes”
Dryopteris filix-mas _ Frost resistance
(Dryopteridaceae) Sporophyte 18 “Through saturated humidity” Germany Kappen, 1966
Dryopteris dilatata e Frost Resistance .
(Dryopteridaceae) Sporophyte Sto~7.7 “Through observations” UK Bannister, 1973
Frost resistance
Dryopteris sp. _ “Survival, estimated through
(Dryopteridaceae) Sporophyte 155 plasma resistance in Germany Kappen,1964
sporophytes”
Frost resistance
Dryopteris crassirhizoma Gametophyte —-40 “Regreening of the whole .
(Dryopteridaceae) Sporophyte -5t0—-20 leaf, 3weeks after thawing” Japan Sato & Sakai, 1981
for the sporophyte
: s Frost resistance
Dryopteris crassirhizoma Gametophyte —40 « ) .
(Dryopteridaceae) Sporophyte 50 -20 Surv1va}, est1matefi, as Japan Sato, 1982
capacity to grow
: : _ Frost resistance
Dryopteris montlcola Gametophyte 40 “Survival, estimated as Japan Sato, 1982
(Dryopteridaceae) Sporophyte -10 . "
capacity to grow
Dryopteris austriaca Frost resistance
yop . Gametophyte —40 “Survival, estimated as Japan Sato, 1982
(Dryopteridaceae) . "
capacity to grow
Freezing resistance
Dryopteris sabaei Gametophyte -40 “Regreening of the whole .
(Dryopteridaceae) Sporophyte -51t0—-20 leaf, 3 weeks after thawing” Japan Sato & Sakai, 1981
for the sporophyte
: . B Freezing resistance
DryOpte”:S sabael Gametophyte 40 “Survival, estimated as Japan Sato, 1982
(Dryopteridaceae) Sporophyte -5t0-20 . ,,
capacity to grow
Dryopteris sichotensis Frost resistance
(Dryopteridaceae) Gametophyte -40 “Surviva}, estimatefi’ as Japan Sato, 1982
capacity to grow
. Frost resistance
Dryopteris fragrans w . .
([;/ry%pteridageae) Gametophyte —40 Surv1va}, est1mate§1’ as Japan Sato, 1982
capacity to grow
. Frost resistance
Dryopteris e_rythrosora Gametophyte -12.5to—-15 “Survival, estimated as Japan Sato, 1982
(Dryopteridaceae) Sporophyte =7 . »
capacity to grow
. Frost resistance
Dryopteris lacera Kuntze. Gametophyte -20 « ) .
(Dryopteridaceae) Sporophyte 125 SuerVgl, est1matef1’ as Japan Sato, 1982
capacity to grow
Frost resistance
Dryopteris dilatata _ “Survival, estimated through
(Dryopteridaceae) Sporophyte 103 plasma resistance in Germany (Kappen,1964)
sporophytes”
Frost resistance
Dryopteris dilatata _ _ “Survival, estimated as
(Dryopteridaceae) Gametophyte 10to —21 gametophyte’s capacity to Germany Kappen,1965
grOW77
Dryopteris dilatata _ Frost resistance
(Dryopteridaceae) Sporophyte 20 “Through saturated humidity” Germany Kappen,1966
Survival
Equisetum arvense B “Calculation of spores
(Equisetaceae) Spore 20 Germination Percentage After Japan Kato, 1976
Treatment”
https://doi.org/10.53941/plantecophys.2025.100008 50f 9
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Equisetum hyemale

Survival
“Assessment of spores

(Equisetaceae) Spore 70 Germination Rate After us Whittier, 1996
Thawing”
Survival
Equisetum ramosissimum “Evaluation of Spore UK
q (Equisetaceae) Spore —251t0 —196 Germination Percentage after Spain Ballesteros et al., 2011
q 24 Months of Dry Storage at P
Different Temperatures”
Frost tolerance
Equisetum variegatum _ “Analysis of Lipid .
(Equisetaceae) Sporophyte 46.7 Composition and Fatty Acids Russia  Nokhsorov et al., 2021
During the Cold Period”
Frost tolerance
Equisetum variegatum “Qualitative and quantitative
q . g Sporophyte —18.3to —46.7 analysis and the ratio of Russia Petrov et al., 2010
(Equisetaceae) . .
photosynthetic pigments in
sporophytes during winter.”
Frost tolerance
: P “Qualitative and quantitative
quj(llzsehlji;nef:éggg;des Sporophyte —42.2 analysis and the ratio of Russia Petrov et al., 2010
q photosynthetic pigments in
sporophytes during winter.”
Frost tolerance
Equisetum scirpoides _ “Analysis of Lipid .
(Equisetaceae) Sporophyte 46.7 Composition and Fatty Acids Russia  Nokhsorov et al., 2021
During the Cold Period”
Frost resistance
Gymnocarpiumdryopteris _ _ “Survival, estimated as
(Cystopteridaceae) Gametophyte 101021 gametophyte’s capacity to Germany Kappen,1965
grow”
L S Frost resistance
(gl::]lr? s?t;eer(;ii;r(]:zg(?) GSargit)orr)]h)tlée _g “Survival, estimated as Japan Sato, 1982
porophy capacity to grow”
Frost resistance
Histiopteris incisa _ Experimental Methods and .
(Dennstaedtiaceae) Sporophyte 6.6 Assessment of Damage New Zealand  Bannister, 2003
Severity
. . Frost resistance
Lepisorus thunbergianus - Gametophyte —30 “Survival, estimated as Japan Sato, 1982
(Polypodiaceae) Sporophyte =20 . ”
capacity to grow
. . . Frost resistance
Odontosoria chinensis « ) .
(Lindsaeaceae) Gametophyte -20 Survwa}, estlmatei as Japan Sato, 1982
capacity to grow
Survival
. “Investigating the germination -
CgSOTrL:]TJC:%;gg::)S Spore -20 percentage of chlorophyllous Italy Magrln'lASZSE)lS;oppola
spores after one month of ’
storage”
Survival
: “Evaluation of Spore
?SOT%'E%;S:;')S Spore —25t0 —-196 Germination Percentage after SU;n Ballesteros et al., 2011
24 Months of Dry Storage at P
Different Temperatures”
O?Qé’rﬂﬂﬁdiﬁé?e'f ) Spore ~18 “Determsiz;\gc\’lgl"fsf’ore China Li & Shi, 2014
P germination percentage after '
each storage period”
Phegopteris connectilis _ _ Frost Resistance :
(Thelypteridaceae) Sporophyte 3.710-6 “Through observations” UK Bannister, 1973
Phymatosorus pustulatus  Sporophyte -51t0-8 Frost Resistance New Zealand  Bannister, 1984a
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(Polypodiaceae)

“Quantification of the
relationship between damage
and exposure temperature to

cold using probit analysis”

Polypodium vulgare

Freezing tolerance, ice
nucleation temperature and
ice expansion pattern

Fernéndez-Marm et al.,

(Polypodiaceae) Sporophyte -7 “Measuring chlorophyll Austria 2021
fluorescence and pigment
compositions (Fv/Fm)”
Frost resistance
Polypodium vulgare _ “Survival, estimated through
(Polypodiaceae) Sporophyte 18 plasma resistance in Germany Kappen, 1964
sporophytes”
Frost resistance
Polypodium vulgare _ “Survival, estimated as
(Polypodiaceae) Gametophyte 10 gametophyte’s capacity to Germany Kappen, 1965
grow7’
Polypodium vulgare _ Frost resistance
(Polypodiaceae) Sporophyte 18 (Saturated humidity) Germany Kappen, 1966
. Freezing resistance Ireland, -
Po(llg/g)lodlct)i(;?a\éuelagea;re Sporophyte nd “By examining the abundance  France, Klmgh;r(;jzt 1& Zotz,
yp and seasonal growth patterns” Germany
L. . Freezing resistance Ireland, .
Pol)zggclilu?dlir;tgéz():tum Sporophyte nd “By examining the abundance France, Klmghgr(;jztl& Zotz,
yp and seasonal growth patterns” Germany
. : Freezing resistance Ireland, :
PoI;Eggijluomd?:(r:r;t;rel)cum Sporophyte nd “By examining the abundance  France, Klmgh%jztl& Zotz,
yp and seasonal growth patterns” Germany
Frost resistance
Polypodium cambricum _ “Survival, estimated through
(Polypodiaceae) Sporophyte 7 plasma resistance in Germany Kappen, 1964
sporophytes”
Frost resistance
. . “Quantification of the
P?IID);St:)CQg:?d\QiS;;gm Sporophyte —5to—7 relationship between damageNew Zealand  Bannister, 1984a
yop and exposure temperature to
cold using probit analysis
Polystichum Frost resistance
. _ Experimental Methods and :
neozelan_dlcum Sporophyte 6 Assessment of Damage New Zealand  Bannister, 2003
(Dryopteridaceae) Severity
Polystichum acrostichoides _ Photosynthetic Capacity and Noodén & Wagner,
(Dryopteridaceae) Sporophyte 10 Leaf Reorientation USA 1997
Polystichum Frost resistance
retrosopaleaceum Gametophyte —-40 “Survival, estimated as Japan Sato, 1982
(Dryopteridaceae) capacity to grow”
Polystichum tripteron Frost resistance
y 1 rp Gametophyte —40 “Survival, estimated as Japan Sato, 1982
(Dryopteridaceae) capacity to grow”
Polystichum braunii Frost resistance
(Dryopteridaceae) Gametophyte —40 Slé;\;;fcailt,yets:rgnrzt‘;g as Japan Sato, 1982
. Freezing resistance
Polystichum _ “ ;
retrosopaleaceum Gametophyte 40 Regreening of the Wh.OIG,, Japan Sato & Sakai, 1981
. Sporophyte —51t0-20 leaf, 3weeks after thawing
(Dryopteridaceae) for the sporophyte
Polvstichum Freezing resistance
retrosg aleaceum Gametophyte —70to—196 “Regreening of the whole Japan Sato & Sakai. 1980
pal Sporophyte  —15t0—20 leaf, 3 weeks after thawing” P ’
(Dryopteridaceae) for the sporophyte
Polystichum braunii Gametophyte —-40 Freezing resistance Japan Sato & Sakai, 1981
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(Dryopteridaceae) Sporophyte -5t0-20  “Regreening of the whole
leaf, 3 weeks after thawing”
for the sporophyte
Frost resistance
Polystichum aculeatum _ “Survival, estimated through
(Dryopteridaceae) Sporophyte 136 plasma resistance in Germany Kappen, 1964
sporophytes”
Pteridium aquilinum _ _ Frost Resistance :
(Dennstaedtiaceae) Sporophyte 35t 4 “Through observations” UK Bannister, 1373
Pteridium aquilinum o Frost resistance
(Dennstaedtiaceae) Sporophyte 2105 “Through saturated humidity” Germany Kappen, 1966
Frost resistance
Pteridium esculentum _ Experimental Methods and :
(Dennstaedtiaceae) Sporophyte 6 Assessment of Damage New Zealand  Bannister, 2003
Severity
Pteris cretica Frost resistance
. Gametophyte =15 “Survival, estimated as Japan Sato, 1982
(Pteridaceae) . »
capacity to grow
. o Frost resistance
Pteris multifida Gametophyte =7 « ) .
(Pteridaceae) Sporophyte 5 Surqul, estlmateg as Japan Sato, 1982
capacity to grow
P Frost resistance
Pteris dispar Gametophyte -7 « ) .
(Pteridaceae) Sporophyte 5 Survwa}, estlmate(’i’ as Japan Sato, 1982
capacity to grow
. Frost resistance
Pte”.s vittata Gametophyte - “Survival, estimated as Japan Sato, 1982
(Pteridaceae) Sporophyte -3 . »
capacity to grow
Struthiopteris niponica Frost resistance
(Blechnaceae) Sporophyte =20 Survwa}, estlmatei as Japan Sato, 1982
capacity to grow
. . Frost resistance
Thelypteris pozoi B « ) .
(Thelypteridaceae) Gametophyte 20 Survwa.l, estlmateg as Japan Sato, 1982
capacity to grow
Thelypteris limbosperma _ _ Frost Resistance .
(Thelypteridaceae) Sporophyte 2.510 -3 “Through observations” UK Bannister, 1973
Frost tolerance, Survival
Vittaria lineata Gametophyte “Habitat and Distribution
(Pteridacea) Sporophyte -10 Analysis with Morphological USA Farrar, 1978

and Physiological
Assessment”
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