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AT, RICABBROFS T, BRELBELIEORRMTES T2, ZORHTIE,
SATTFEOELSMARE LIRS 5, WiREE, & pH BE, RiESRETO I XTI 7 HONE
RGBT 23ISR 2 BE L TR 5. pHIZK 4 2685, WPRIEEDIGE B L T,
pH=3.8-9.8 OHIPHT 8 MIC OV TEHIIL 7z, #ICERGEHE, BFERHEEICOWT, £hth 11
DHDpH KT 2ERLIGELZRL, MTIEELIGEERD Sah otz SXITHOERE
BEREE &38R ZEEEORETH AN ZOLEEEE IS WEE RS> Twb L E 2 5. RERENE
WZBIL TiZ 5-40°COEPHT 5 IOV TEHIL 72, &FE 12 DT 30-35°C TG A G E H3 i Kl %
LW, 2ROV TOARBEICNT 2B ZICENRD Sl (BRERECOMOFLEET S
SAIT7HE, BT LHEERE CEWESEKEE 2R T EZR S 3, 40°CE TOHIPH TIXHRNE
BOBRETHEHOWAEMEEZ2RT 2 EBbhole. HBERERICOWTIZ 2 BB 217572
23, 0-500 mM DO I bV ¥ AEIFAD 9-12 HEOBEEOFER, 1 TOAMEEE D ERICH
I A R E DET & REREBGEE OB B R BINEED s /zsy, 2/ E i 300 mM A EDE W
BB CORAMIEE 2R L T, 20 ko1ic, SXa7 L, BT 24EEERE L IZER
BEHBEEIC VLT O AHEICEVIRMEZE L TWE EEZSNS.

Photosynthetic responses of Sphagnum spp. to temperature, pH and salinity

Akira Haraguchi

Sphagnum spp. dominate in peat-forming mires in the circumpolar zone with acidic, low-temperature, and
oligotrophic environments. However, some Sphagnum spp. colonize mires in coastal and volcanic areas with
high pH (6.0-7.0) and high salt concentrations resulting from sea water and volcanic ash, and high-temperature
mires (>40°C in the hot season). This review discusses the responses of photosynthesis and respiration of
Sphagnum spp. under extreme conditions of pH, temperature, and salinity. The pH-dependence of photosynthe-
sis in eight Sphagnum spp. was analyzed in the range of pH 3.8 to pH 9.8. The gross photosynthetic rate of most
Sphagnum spp. did not show a significant response to pH. The dark respiration rate of Sphagnum spp. increased
with increasing pH. The temperature dependence of photosynthesis of five Sphagnum spp. was evaluated in the
range of 5°C to 40°C. The optimal temperature range of gross photosynthesis was 30-35°C. Dark respiration of
Sphagnum spp. increased with increasing temperature. Photosynthesis of Sphagnum spp. was evaluated in the
salinity range of 0 to 500 mM NaCl. The gross photosynthetic and dark respiration rates of two Sphagnum spp.
showed positive values at >300 mM NaCl. The dark respiration rate of these two Sphagnum spp. increased
with increasing salinity. Thus, Sphagnum spp. show physiological tolerance to extreme environments that differ
from their normal growth habitats.
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WEKIR BRGNS 3 5. S X783, BaRERET
THhEOL—REEREZRL, ZIAEBREIBRMET
3 2 X VEVMED SRR IMEL K570, BKRE
FBSREDN S <, BB ORKHOBKERICKE { F5
LTw3. BREORFEEEIZF L {HWD, X
T BIIRERIRBIETRIC b 2 HE LY O—D &
FZ 5N Tw5 (Belyea and Warner, 1996) . < X327
HO—REERZEOREIGECDOWTE, S XTI 7 fE
RREEORRAE & SRR TR & OB 3 2 5E0MT
b T&., SAITT7HEORECRIZTILFENRE
(pH R F#EE R E) o & 1B L T, Clymo and
Hayward (1982), Hayward and Clymo (1983) 2 %
EOLNTWAED, —RIC S X T 7 IR T ¥R
BECOEBERRIFTH S . FKEEOHTIX, Ay
LR UISEREEIC R B EERMIHI S D Z LIS
NTW5 . KEHAR L S X7 HOKE, HEREE
LOBBEIZEAL Tid, KRKkETYIHkOER A & O
HNFEFR I N TS . Gunnarsson and Rydin (2000)
Heijmans et al. (2002), Granath et al. (2009) 7 &®
WIETIE, IR ERARFMICE Y S AT 7HO—RE
EHEIIET T % 2 ERENTWED, SLEEGEE I
ERAMMIC L VML, B3 L b MEEBHE M —XK
EEXI B, o, KEEROBELHX, B
BEVIAEPE & MR X IR T & KRR L DD RFBINK
T AMENED 5T\ b (Fenner et al.,
2004). 2D XSk, EEPEEL XV TO—REFEIC
BT 2T DIZ >, MR ZBLS D o, eEHHRE
WCHEBERE L2 T TERICOW O b IThb T E e
(Haraguchi, 1996 72 &) .
SATTHOFREBTHORER, tdhoLsy, &
B, BRUEDLODERBLBRETH S0, ZhsldRRID
—R R TH S . L LS, S XT 7N
INSOBRBEERIIHLTEZFTREEAELTWED
2, Tixbb, EREE, PHCEEERE, BXED
LZVIREESRETO I X7 EOEHEFEIZ oW TR
& A EWRBID . BRTIE, S XTI 7 EHDEEK
WEEDS—e 70 S X T D SAREREE & 1387 2 RHRER
BOT T 5I0EZRT DI DWW T ORISR
%, pH BB, EEREL X OEEIRERE L Ui
LIRS, S AT 7 HOABIE 2 R &R
TIEEHNET 5. HEEEETER £ O 5 A S
My, —R&EFE, Sfin ORI AR L 309
Ld—RLewh, KEEIEE L v @ OFEE %2 Fv
T 3EOBERBREE A D § X 3 7 EOME % s+
5. ARTIE, LEHEE O pH IREFE, B X OCREK
M Bd U T X, Haraguchi et al. (2003), JE O
(2010) B &£ U Haraguchi and Yamada (2011) T¥E
L7c T —FWCRFERT —F N2 THAREZ1T - 7ofb3R
IR . Eio, HRERGEHCEL T, TRTRAER

DREREZRT . ZNZTNOMIRI, EHCHEIEL 2 S
R T KPR 2 Tl T w3 728, R EEH o H
BIITERVD, I XIT 7 E—RORRERE A DI %
WEm e LGRS .

2. JEEM®D pH &=F1%

2.1 PHEREASIIFTICRETHNR

SATTHOERICKIETEREAKD pH ORI X,
Clymo and Hayward (1982), Hayward and Clymo
(1983) WCBRXENTWBED, DED N4 4 =7 F % R
&, —C S AT BHITEEEORE CREREMET
T2, HBLVWIEMIET LI EBHELIZESTHS
(Giller and Wheeler, 1988). Z i3m0 AKa+
BICIZI X 7EREFT LRV L LEEL, &vpH
ETEBEED AN YT NA X VS R T DEENEE 2
EF22ePHISNTWS. L2LEDS, ANy DA
A A g ERPE EHRCBIE T 5 EA 2R 72 pH O 2
AT QEBFERCRIZTHREZAMONTES T,
Haraguchi (1996) < Haraguchi et al. (2003) =& b
TORHEGIND 21T Ewn. 22T, BT —
FICRFEERD T — & "z THFNT LT pH BEi0Y I X
TTERIETENRZ F D TRT.

2.2 7k

FRENCIE, ALEEERED T ¥ S X377 (Sphagnum
Suscum (Schimp.) Klinggr.), Vv A X = 3 X I 7
(Sphagnum rubellum Wils), A ¥ /N 3 X I 7
(Sphagnum capillifolium (Ehrh.) Hedw.), A7 % F 3
R 3% (Sphagnum magellanicum Brid.), =Y /N3 X
277 (Sphagnum girgensohnii Russ.), a1 3 AT
(Sphagnum squarrosum Crome) , T8 55 & H &
(B, CoA S Wwith) o4 4 3 X377 (Sphagnum
palustre L.), NV I X I 7 (Sphagnum cuspidatum
Hoffm.) %MHwiz.

WO pH &, Tris-MES /Ny 7 7 — (50 gmol L
@ Tris (hydroxymethyl) aminomethane & 50 gmol
L' of 2-(N-morpholino) ethane sulfonic acid DIEEE
W) =HVCHEL, BELEEZTTERED pH I8
L7/ (pH=3.8, 5.6, 6.2, 7.2, 8.2, 8.8, 9.8).

Sl © 2 cm DR JWCYIR L7z 3 X 3 7 4 50
k%, BRRETOMEFERICIZIZELL RS L
2, BEALILA 7 AF v N—HNIEEL. ZhiE,
pH Z ¥ L - BEK %2, S 237 OKE S (capi-
tula) DABKKFICELNS XD RREEL Tz L,
25°CC 2 HRF#ET (PPFD=200-300 wmol m—2s~1) 12
ARV

ZRRAERFDOWNZ 2RO B, BEHLI2F v >
N—=IZ0.3Lmin"' DWMMTEZLREZEDIAA, F ¥
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N—DAOB X OCH BT 2 ZFBILRRERE % RIMHE pmolm=—2s!, &Y O 1MHIET I3 umolm—2s! THo

A A7+ 7 A ¥— (Shimadzu URA-106, Shimadzu 7z. Maberly and Spence (1983) ¥ X Uf Harley et al.
Co., Kyoto, Japan) T 30 2 fEHAIL 7. JEEICIX, 6 (1989) 12 L 4L, 3 X 7 FHOIEE BH EE ASERIRIC
T 60-W 2V 7k EERZ W, ik 3 Hrn o Y 5 EE TR 1Z 220-500 umol m2st L SR T
HKDMEE SN2 LD WCEBHRERE L. % > /Y —HD WBDT, RFHHITHWIOLRFREE TCI AT 7HD

HEHREE RO FHREEE, 3 #7333 HEBEE FIZIZENGZEL Twd eFEZoE . KE
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R1:dbigEEGED F v 2 AT 7 (Sphagnum fuscum), 7 AN=3 X T (S. rubellum), A F /N3 X377 (S. capilli-
Jolium), A7 3 I RXT7 (S. magellanicum), Y /XS X377 (S, girgensohnii), v v 3 2 X377 (S. squarrosum) DIENE
EHRHEE (@), MLCEHHE (@), BEKEE (@) o pH KM Haraguchi et al. (2003) B X OO (2010) THEL
T—=YICRFERT = N2 CHAE L. SiPHEOVIES L OSSR . VI OEEZ %, pH AW T—T
BT L DREL, BEAMERR L. NS HEEZL (p>0.05) ; n=KEHK

Figure 1 . The pH dependence of gross photosynthetic rate (@), net photosynthetic rate (@) and dark respiration rate (@) of
Sphagnum fuscum, S. rubellum, S. capillifolium, S. magellanicum, S. girgensohnii and S. squarrosum from Ochiishi, eastern
Hokkaido, Japan. Data presented in Haraguchi et al. (2003) and Haraguchi (2010) were recalculated including unpublished
data. Means and standard error are shown. Significance of difference among means by pH treatments were tested by
one-way ANOVA. NS: not significant (p>0.05); n=repetition number



34 Iy

BRHEEDHH D%, F v o N—fEkE TNV I KA NVTE Hanhiz., 7z, BERGEE L Cix, pHIZXL T

Wy, IEREIRGEE % 30 S FERTEI L 72 . AR B X UREINE FIZEAE IR, AFNIXTT7, A7V FI XD
W DRl D%, X I YR %2 110°CT 24 B4 b, ORYONS XD, v a s AT R TR
PIEMEE L, EER 2ROz AR B L ORI H T AEASE ST
X, BERERN D TR, MEB XU CwASWBHED S XT7IcBL Tk, &
z=fj7fipH@Lﬁmﬁef%%A&EF,%%
2.3 BERBKIUEZE EREEIMET U, BRSNS 2 EA 780
BOEDSEOI AT, Fv AT, 7ANRZS ht(lﬂ.ﬁ%@@ﬁﬁ<Xn7@%%é%@ﬁ,
RT7, ©WIHFIATY, KRYNSXTr, yoas WMOCEBGRE, B XUU » A& WHEE OHOEA REE 13
AT DMHEERE, MOCEHGHRE, RS & 2 B pH O L CEBERE T 2R L. NY S X377
LT, pH=3.5-9.8 DHPFAIC B W THERERZRAD S WBL TiE, WHEZEOMEEEGEE & REERHE T pH
nhror (B1). /o, AFNIXIT7FICELTY, W 2EERICE RS 5T, FOGERBGEE DK
HIE DR 2w, ffEFEEOEmEZRLTEY, T, FERPIREE ORINCES D Th 5. BEHHE
pH DEFEWIC L 2 HERL, FIGEE OFEWIIFED S5tk FwBIL Tk, MEMOfKE bIcEBEEZRD sk
WEFEZOND . BEEZIRD oLV, LA »o .
BBl T, BMESTRAER2RIE (AF /NI XT pH 1T 2 Bk, WREEOIGE %2, FHEIlcHwv
F, vuaaIRay) LR TRAERRTE (VA TeefERBL TR &, BLEHGERE IR L CI3hReE
NRZIRT7, KAYNIRT7), BLOEEEECH DA I AT 7T TOAREERRNENAON, TR EE

KEEZRTHE (F¥ I XT7, A7YFIXT7) &5 ZEABOoNLhr o . BFFREEICEIL Tix, PhgE
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2 HBEEMBEB L UL ASWHEDA A S X377 (Sphagnum palustre), B XUV S X T (S. cuspidatum) DI
HHEE (@), MAEHEE (@), BTREE (@) o pHKFE BEHEEDFHEL L CFEEREZRT. FHEROF
EE%, pH WHEET—TRESESIMC L VREL, BEAMEZR L. * 1 p<0.05, *** 1 p<0.001, NS: HFEEXL (p>
0.05) ; n=K1E%

Figure 2 : The pH dependence of gross photosynthetic rate (@), net photosynthetic rate (@) and dark respiration rate (@) of
Sphagnum palustre and S. cuspidatum from Masukata mire and Jyunsaiike in Niigata, northern Honshu, Japan. Means and
standard error are shown. Significance of difference among means by pH treatments were tested by one-way ANOVA.
*: p<0.05, **: p<0.01, ***: p<0.001, NS: not significant (p>0.05); n=repetition number
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DAY 2 XD TOHpH O_EFIHED BERBEMNATE
Hoh, T BEERIGEERD Shkhoiz. Ly
U, WERPIRREE 2B L Cid, pH OB HE S B o8y
JHERE 2% < OFETERD 5, I NHMOEERBEEE DK
TER#ELTWR EFEZoNS. fE>TC, SXIT7HED
HEBEE L, BAEEGHEE IOV T pH I X 2 0%
FIFEAERSNZ WA, MOEEEEE L T,
pH @ _EFIC S B O ¥ X VAR T 3 2 A
MESNT. ZOL5% pHICHTBIRERZITEALED
BEEETE RS, SATVHOEREBTRE TH M
PEBREE L 3R 2N OBRE TH BV ARG
BoTWBEE25. LarLahns, RIS EREHRE
O pH 2 B I0E 2 /2 &, MBS 28>
v a3 X327 (Giller and Wheeler, 1988) %[x\»T
pH O LRI AELETH L2 0WiE pH=7TULETD
WPENFE® 57z (Haraguchi et al, 2003). F7z,
pH= 7 DL EDO#FE ST, % < DR THIIE O Rk
RS ST 2 Eh o, HEEMBRE I OBERERER I
L RIZL T AARE D B 2 . IR G A RIS
RN R &G EERER L 2wy, SEapamEic B
95 pH O LFIINT 203 7l EOWD O RFED,
BN T DR EGREE G OR T, MED
—H B oTwdEeEZONS.

3. AERDEREKTFHE

3.1 BERBAIXITJICREITHR

S R I ST R OV B TE S 3 2 Fin iR OFE
MTHY, Wi, SHEFIZHMOFLERT 5. 3
X3 FITBERFORKHICDEGFEE L TOMHT 5
B, BB T ORI 546 1 mim DS ETH
5728, WEEREETO I X I 7 HEOO0AmIE—KI T
W, N S XT 7 QT DH D Sphagnum
cuspidatum subsp. subrecurvum var. flaccidifolium (A.
Johnson) A. Eddy 13, ZVEE&EHE D V8 R AR 12 546
THETH L GRHE - B, 2006), BB 5 3
AT T EOSATEEEZRCTHTH 5. KD X
SWENRBRRICAET T 2O EET 505, SAOHLIE
HEEETHY, (KRR RHEHEABERRE CH L LHFZ S
NTws. —7, @REEAOMMEICEL TdiZe AL
HMohnTwiw, 22 TlE, Haraguchi and Yamada
(2011) KHRRLILT—FCRFKERDOT -5 22 TH
fiEtr U CIBE RN S X7 ICRIZTHIREZ £ L TR
K

3.2 &

WEROBEIE, F v o N — AR LSO
btRFBEEOZM» SR D . FILFE (13ecmX10
cmX4.5cm, 5H EEDO A7 7V iR 10.2cmX 7

cm) 2 3 RI 7 HEYRE A, RERETL 72K (100
L) HFICEE L7z, ZHICEK[EBERL, R % i
T LHTERO ZBILRBRE R RGN AT F 7 4 ¥—
(LI-COR, LI-840 CO,/H,O0 77> 74 ¥ —) 1z X v atl
L7z, SBIRIZ 500 W a7 > o 7 45T 2w, g
FEE ¥ ¥ — (LI-COR, LI-250A) & & D H&FH
B RE L.

PR, ROBRNWEY THREFREDOE A I XT 7
(Sphagnum fimbriatum Wils. ex Wilson & Hooker) ,
F A 2RI (S palustre), B & VALYGEFELED
F ¥ XI5 (S fuscum), 4RI XIT7 (Sphagnum
papillosum Lindb.), ¥ > % 7 & X I 7 (Sphagnum
fallax (Klinggr.) Klinggr.) % B\ 7z. &A#EK D TEG
5 lcm (capitula) ZYIVIRY, ZhZTh A 4 >k
KB IZ Ul vy —VICERBIRE TN, 7 E 20°0C,
PPFD=90 gmol m~2s~' IZ 24 Kfffl&E /2. 72 > 7 H|
ED#, AR E RS ANTERL, KAENICHEE L
7z, FEMEFENIC EMEZES 2 WRE 1.0 Lmin ™! THEA L
7. B DOEE %2 5°C, PPFD %% % H > T 800
gmolm=2s 5 0 ygmolm2st ANEZ LEE, Rk
FWNZEE S 2RO _RIERRREZWE L. 20
HIEZ 5°Cr 5 40°CETH5°CBEDIRERETITo /2.

HWER, V> 7% 70°CT 24 REREIE S ¥, s
EEETEL, BNERERDD ONER - NHRHE >
Koz,

3.3 BRBIUEE
HERDBERFEEOHINCHE L 5D I AT 70
356, YFIREOA A I RTr, WHEDY > H 7 IR
T7ZDWT, MEEEGEE B X ORI B E &
BECNT 3IRERED s (M3). —F, F7H
BEDOEXIRIT, WHEDF v X327, A KRIXT
B L T EECEE, BEIFGEEE & b I\
THAEERIGEIRD s NEhole. BEEDEEICH)
PHhoT, EXIXTYT, YA I ATTIIBVLTIE
30°C, A4 I AT, F¥IRXT7, ARIATrIci
L Tl 35°C TG E B E S KAl 2 U Tz . REIEIR
HWECEHLTCE, EXIXT7, ARIXITHY, ¥>h
7 I RATEZOWTRIRED LRI HE D EFENTE
otz Fiz, A4 I XTIELTIE, 30°CTEW
BSR4 % s L7z

S AT THONEE, WIS OREREMICEIL T
X, 30-35°CTHAGHEELNRAELRL, 40°0Clcs
WTETT2b0DFEEERTEHEIFDR L, 40°CT
bHH S WL EHGEEE MR L T b eF 2 oh 5.
Fiz, PFERGEMECEIL T, BEO LFICHE S ko
INASEED &N 2 A3, RIS 2 BEIFEIRGE FE D eE 13,
5-40°COHPITIFEE TR Y. 202 L, (KRR
WAROHLEET 2 S A7 EiE, B30 b REREE
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3 RDBENESY TIERBFEEDE X 2 X T (Sphagnum fimbriatum) , * 7 3 X377 (S. palustre) , ICHEEELED T v 2
A3 (S fuscum), 4 R X7 (S. papillosum), V> F 27 S X327 (S fallax) OBEEREE (@) B L RGN EE
(@) DREMKTIFY: Haraguchi and Yamada (2011) B X ORI (2010) THELT —F KRR T —2 2NZ CTHAEL
7o . BETHMEOEHME S & OBEHERE 2R 3. SEEROFEZ Y, RELHE C—tiRES B L VREL, BREAKES
AUz, *1p<0.05, **1p<0.01, NS:AEEERZL (p>0.05) ; n=KEHK

Figure 3 : Temperature dependence of gross photosynthetic rate (@) and dark respiration (@) of Sphagnum fimbriatum and
S. palustre from Tadewara mire, northern Kyushu, Japan, and of S. fuscum, S. papillosum and S. fallax from Ochiishi, eastern
Hokkaido, Japan. Data presented in Haraguchi and Yamada (2011) and Haraguchi (2010) were recalculated including
unpublished data. Means and standard error are shown. Significance of difference among means by temperature treat-
ments were tested by one-way ANOVA. *: p<0.05, **: p<0.01, ***: p<0.001, NS: not significant (p>>0.05); n=repetition
number

TEVEAEIEE 27T I3RS 3, 40°CE TofET
R E IR OBENC b B 2R 2 Ea3b
3. SRAT7FEBBEOREHICLOHT S Ens,
B U CIREETRIRID L 5 BRiEREICbEB TS 2
LINTE B, B RHIC IZZRARAIBLIL L T B 2 &

26, BAIRTRBRIPEMEY & LTI X5 LMW
EETLILEINETHS. LicnioT, RREHERL
DOMMBIR 2T 5 3 X 37 I AR O KT
BHL W bDEFEZO6ND. BB, I AT THEIE
TR b AEFERETH 5 2 Lix, Mo A3t
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WY 5 S AT TRBHAT 5 RUCBIL T, Bl 4.2 FK

DL BMOEFETH 2 L O 2FHLET 5 ETCEE SN, ROBAEHAYNVEREOE X 2 X377
Ths. (S. fimbriatum) B X U4 A 2 X377 (S. palustre) %

HAwiz, BERE, B v Y v ABE % 0-500mM
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Figure 4 . Response of gross photosynthetic rate of Sphagnum fimbriatum (left)and S. palustre (right) from Bougatsuru mire,
northern Kyushu, Japan on the NaCl concentration of cultivated medium. Gross photosynthetic rate measurements were
made 9-12 days after the cultivation in each concentration of NaCl solution containing Hoagland solution. Data of 9 days’
incubation and 12 days’ incubation were pooled and analyzed. Means and standard error are shown. Significance of
difference among means by NaCl concentration treatments were tested by one-way ANOVA. *:p<0.05, NS: not significant
(p>0.05); n=repetition number
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Figure 5 . Response of dark respiration rate of Sphagnum fimbriatum (left) and S. palustre (right) from Bougatsuru mire,
northern Kyushu, Japan on the NaCl concentration of cultivated medium. Dark respiration measurements were made 9-12
days after the cultivation in each concentration of NaCl solution containing Hoagland solution. Data of 9 days’ incubation
and 12 days’ incubation were pooled and analyzed. Means and standard error are shown. Significance of difference among
means by NaCl concentration treatments were tested by one-way ANOVA. ***: p<(0.001, NS: not significant (p>0.05); n=
repetition number
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Figure 6 : Response of chlorophyll a contents (¢mol g 'DW) in Sphagnum fimbriatum (left) and S. palustre (right) from
Bougatsuru mire, northern Kyushu, Japan on the NaCl concentration of cultivated medium. Dark respiration measure-
ments were made 9-12 days after the cultivation in each concentration of NaCl solution containing Hoagland solution. Data
of 9 days’ incubation and 12 days’ incubation were pooled and analyzed. Means and standard error are shown. Signifi-
cance of difference among means by NaCl concentration treatments were tested by one-way ANOVA. ***: p<0.001; n=
repetition number
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