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AEFE &M/ NI E (Barbula indica (Hook.) Spreng.) FAR[F V¢ EREFE T 2 ARSI
FELGZENSE > FF/NROERAEA RS » EFAFCEREESERH#ER
SRR AT & T > ZARCHR B M R E 2R (49 21 mmol H,0 m” s7) » [FIRf B A #
= 1B AT B (light saturation point, LSP at 800-1,200 pmol photon m™ s™) Kz Y& # & B (light
compensation point, LCP at 68.19%12.36 umol photonm™®s™) » LA K% #5781z 33K 2% (dark
respiration rate, Rd at 3.3120.48 umol CO, m”s™") » BEFFH A BEMAA RN Z — - £k
B HE (electron transport rate, ETR) 771 » ETR BAY: & 7% (net photosynthesis rate, Pn) £
HREEE AR (P < 0.0001) > HEYET (1,200-2,000 pmol photon m™ ™) » JEFEALELHEL (non-
photochemical quenching, NPQ) AE & ELAIME = EAER 2 80% » BUVNMAOIEAEE RFLE
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Abstract

The gas exchange and chlorophyll fluorescence parameters of Barbula indica (Hook.)
Spreng.were measured under different irradiation gradients. The results show that B. indica is
lack of stomatal structure, and regardless of the amount of irradiation, the evapotranspiration
rate maintained a constant rate around 21 mmol H,0 m™ s™. B. indica had a higher light satura-
tion point at 800-1,200 pmol photon m?s™ and a light compensation point at 68.19+12.36 pmol
photonm™s™, and low dark respiration rate at 3.31+0.48 pmol CO, m?s™). This may be one
of the reasons for the widespread type. In terms of photochemical efficiency, ETR of B. indica
was significantly correlated with photosynthetic rate (P <0.0001). Under high light at 1,200-
2,000pumol photon m? s™, the proportion of non-photochemical quenching energy accounted
for 80% of the total energy, indicating that the photosynthetic system of B. indica was capable
with the functional non-photochemical quenching mechanism. The chlorophyll fluorescence
measurement technology has not only the advantages of convenience, speed, and non-destruc-
tiveness which can monitor the ecological and physiological state of moss, but also will help
understand the evolution of the photosynthetic system and develop new applications for such
widespread moss.

Key words: moss, gas exchange, photosynthesis, chlorophyll fluorescence, non-photochemical
guenching
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FR5RIE BRI EF > & (i Psbs (LHCI YK
B iz ) F0 LHCSR (light-harvesting complex
stress-related proteins) ZE2E BN > =2/
FEHBEN & EH NPQ MEEHR » B
e E R - BT ER NPQ i
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R St ' & F o3 T 8 (portable gas
exchange fluorescence system, GFS3000FL,
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Fig. 1. The appearance and microscopic photos of Barbula indica. Spreng. A. mature plant. B. blade (leaf). C.
part of a cross-section of a blade, no stomata. Specimen number: K.-Y. Yao 9067.
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Walz, Germany) > EEB2EEREE ' &
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74k ~ [EMERERE 257 C ~ MHEERE 75% >
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Fig. 2. The measurement of net photosynthetic rate (Pn, panel A) and transpiration rate(E, panel B) in
Barbula indica under 0, 5, 10, 15, 25, 50, 75, 100, 200, 400, 800, 1200, 1500, 1800 and 2000 pymol
photon m™s™. Error bar = standard error. n = 5.
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Fig. 3. The relationship between PPFD and Pn of Barbula indica under 0, 5, 10, 15, 25, 50,75 and 100 umol

photon m?s™** P <0.01.n = 8.
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Photosynthetic parameters

Rd (umol CO2 m?s™) 3.31+0.48
Qy (CO2/photon) 0.05+0.01
LCP (umol photon m?s™) 68.19+12.36
Amax (pmol CO2 m™*?) 4.46+0.47

+: standard error (SE). n=5

& 1. /JVRMOE (Barbula indica) }2 0-100 xmol photon m’ s (3R HIETT R LA B2 858 FE IR 3R
Z (dark respiration rate,Rd) » Y6 EFUXZE (Tight quantum yield, Qy) ~ Ye#{EFs (light
compensation point,LCP) ~ RANEEE (maximum photosynthetic rate,Amax) FiFBERE SE.

Table 1. Dark respiration rate (Rd), light quantum yield (Qy), light compensation point (LCP) and maximum
photosynthetic rate (Amax) of Barbula indica under 0-100 ymol photon m?s™.

DL #E dk f#8 PASW Statistics 18 i rate, Rd) & 3.3120.48 umol CO, m”s” ~ ¢
SigmaPlot 10.0 #E 17 &t st 7 At BLég &l - St & T UZ % (quantum yield, Qy) £ 0.05+0.01

= AR EIEELE R SRR DA R CO,/photon ~ Y fifi € & (light compensation
K elEFE TR T B4 [ - point, LCP) % 68.19+12.36 umol photonm™
st R R KR E A E AR (Maximum net
Z5% photosynthesis rate, Amax) £y 4.4620.47umol
2 -l
(—) FRPER (L A COm™s (=D

& 2 By /N & 72 5 & 800-1,200 " L
wmol photon m™? s™ B % F S¢ & A (light (=) AREDERZELZ SRR EDE

saturation point, LSP) » PRI/INFCT & fift 57 7L FHlE] 4 FTHD > /MBS AR TR

s ([ 1) > EEORR S e R T 32 (electron transport rate, ETR - [&] 4A) BiJE
=x 2HEES B o, BFANLEL

ﬁ%ﬁ@&%i 800'1,200 l»lmol phOtOH m-2 lﬁﬁﬁnﬁﬂﬂﬂ‘lﬁ 73\ 7[[:% 2,000 ].lmol phOtOH

1o m” s EFEE > 575l Ay 57.75+6.86 umol

it 0-100 pmol photon m™ s Y & msT R 4072035 » 1T B PSR 2 b

PSRRI E T (F 3, P (AFF &R 4B) RO >

é’iiﬁ/J\]ﬁﬂD”E’j/qﬁ%/\ﬁz P R B B I,ZOOEuniolﬁfhoio\ném;s" \’ SEAERERA 3();7:; +=
ﬂ:JﬂZEtt B B A Fé%J (P < 001) > E ’ zéET,J‘n SEVE S \a Uﬁ@%ﬂ » iEF

A N VAN=N
?%‘/J\?ED%ZH%D?wﬁ% (Dark I'eSpiI'atiOH PG) B\ 7[|:E= 1,200 UmOl phOtOH m S LJ\J:
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Fig. 4. The measurement of ETR (panel A), AF/ Fm' &Fv/Fm (panel B), non-photochemical quenching (panel
C), and ETR/PG (panel D) in Barbula indica under 0, 5, 10, 15, 25, 50, 75, 100, 200, 400, 800, 1200,
1500, 1800 and 2000 pmol photon m?s™. Error bar= standard error. n = 5.
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(Urban et al.,2007; Bai et al., 2008; Wong et
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FIRFLIR #1745 B (Bai et al., 2008; Urban et
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FEHY R LI SR B 5 F /K3 % - B ]
KV EBY (&S5 2020a; FE8C5F >
2020b; Reef & Lovelock, 2014) » (R it > 7F
SREGSCHARIRIZE g ( AESCEE » 20200; £
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Fig. 5. The relationship between ETR and Pn of Barbula indica under O, 5, 10, 15, 25, 50, 75, 100, 200, 400,
800, 1200, 1500, 1800 and 2000 pmol photon m™ s Error bar= standard error. **** = P < 0.0001. n

= 15.
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75, 100, 200, 400, 800, 1200, 1500, 1800 and 2000 umol photon m™ s, Error bar= standard error. n = 5.
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et al., 2012) = H [@ 4C 1] &1 NPQ [ & ¢
BiEE M rhE 0 Ot 2,000 pmol
photon m” " ZEEFE = - ifi B PSI &%

45

Z B (AF/ Fm' &Fv/Fm - [&] 4B) FA =
1,200 umol photon m™ s™ LA b » 5k 4+ 7
30% Fot » BN ESEERCRDUZ SR -
Mm-S eErER (B 24A) B NPQ (& 4C) #
ML FoREEE LG TE R 1Y
oo - AHEEEFDERE AR 0 - 75 DAFIH
NPQ & HIH L ([l 6) » FF¥HGE 4D Jre]
Hl o A% E 1,200-2,000 pmol photon m” s™
B = ETR/PG » B L RN E T FH
FE » BUNAEAMAE CO, 2 EFH2E >
WL PR B = R G - AR G PSII
ZEOLEE  EREYRRESELEEE
T Pregifh ( F&CEE > 2008 5 &K
L > 2020a 5 FAESCEE 0 20200 5 Leakey
et al., 2003) = FHILATAL > /NROEH S
ZEIhRE T B A E IR AL ELAE
07 MR E— P TR E e B 5
HO R RO AR - A mTEHRE T ReH
WERYE B AR -

-

%

| g

&

EAFBE AT H/NEOERA BHER
FURIE - AR ED & (R
SRR - SR DR T - ZEH0E
REYERFEE R - Bee R iRefEsh /D
RILAR TP R ~ SUE B HAE
& BSOS R TIREHER R4S
o IR & FE B AR ECEATRL K
SR E RS MRV DU RRY
Rd PR TEE IR > 1B BET R H B A T
IRNZ — o NS BLHE AT 45 5K C4
1 C3 DY e & Z &M B0 > ETR 22 Pn
EREEEHR R HE VIR EE R



RET] - FEHEESRB BRI - B
{5 ~ BRI R R M R - AT RE LR
GEAEVIERRAEEAREGE - B Tt s
ZERHEA LRSI IE B R 2
FEHVEREED)

=t

e BT B R R E B R ALY
BFerRE L EE—RHGTE - #itk
AR E G ~ 2205 KRR TRTEATEC
EZE (110 RE-7.1.3- 4 -W1) B1TER
REEZ B G MERERAT - YT AT E R
REEBESTRFANTTE - SR B8R -

54

T BERG - B - Bl - HE

B~ BRE B FFILED (2008) AR EE

R sa i AR E K3 5 2 [ E - Ph3E
FZEZET] 302) : 31-44 -

T - SHEE - BRI - BREAS - B
F2 (20202) /KEF AR EE R
WY aahE R e 2 BEET - MReERTIE
FH42(2) - 91-10 ©

FEL -~ BRI - SR ~ FHIAS - BE
7= (2020b) AL/F1E G AT A [E B g
HT A TE RS 2 P85 >
HERRELZF] 53(1) ¢ 33-54 °

EHASE (1987) BEMEYIE - SEHE TR
o JERT 2 465 H -

tR1Z (1980) A5 (=) » YIS -
FIEEH R > JE5T -

TiER: - FHEHE - TREY (1983) i LALFa g

REYE N MEOEREIAMERIRRECZ T

% (Anabaena azollac) ¢ BE HY IR L L
{HIE - FEYIEEEET] (1) * 207-215 -
BEFE ~ BRE (2007) MR AREHEE >
PRI o MEEFEET] 2903) ¢ 15-

26 °

FhE4w ~ FEEM (2007) FE LA i
MmO EF MR R B LR
FRT M » B REEEH 18(1) © 11-
21

Allen, M. T. andR. W. Pearcy. 2000. Stomatal
behavior and photosynthetic perfor-
mance under dynamic light regimes
in a seasonally dry tropical rain forest.
Oecologia 122(4): 470-478.

Bai, K. D., D. B. Liao., D. B. Jiang andK. F.
Cao. 2008. Photosynthetic induction in
leaves of co-occurring Fagus lucida and
Castanopsis lamontii saplings grown in
contrasting light environments. Trees
22(4): 449-462.

Belnap, J. andO. L. Lange. 2001. Biological
soil crusts: structure, function, and
management. Springer, Berlin.pp. 3-30.

Bowker, M. A. 2007. Biological soil crusts
rehabilitation in theory and practice:
an underexploited opportunity. Resto-
ration Ecology 15(1): 13-23.

Breen, K. andE. Levésque. 2006. Proglacial
succession of biological soil crusts and
vascular plants: biotic interactions in
the high arctic.Canadian Journal of
Botany 84(11): 1714-1731.

Carbonera, D., C. Gerotto, B. Posocco, G. M.
Giacometti and T. Morosinotto. 2012.
NPQ activation reduces chlorophyll
triplet state formation in the moss

46



BIEEYBERITT TW J. of Biodivers.23(4):38-52,2021

Physcomitrella patens. Biochimica et
Biophysica Acta 1817(9): 1608-1615.

Carr, H. and M. Bjork. 2003. A methodologi-
cal comparison of photosynthetic oxy-
gen evolution and estimated electron
transport rate in tropical Ulva (Chloro-
phyceae) species under different light
and inorganic carbon conditions.Jour-
nal of Phycology 39(6): 1125-1131.

Cheng, L., L. H. Fuchigami and P. J. Breen.
2001.The relationship between photo-
system Il efficiency and quantum yield
for CO, assimilation is not affected by
nitrogen content in apple leaves. Jour-
nal of Experimental Botany 52(362):
1865-1872.

Cove, D., M. Bezanilla, P. Harries and R. Qua-
trano. 2006. Mosses as model systems
for the study of metabolism and devel-
opment. Annual Review of Plant Biolo-
gy 57: 497-520.

Deans, R. M., T. J. Brodribb, F. A. Busch and
G. D. Farquhar. 2019. Plant water-use
strategy mediates stomatal effects on
the light induction of photosynthesis.
New Phytol 222(1): 382-395.

Demmig-Adams, B. and W. W. Adams III.
1996. The role of the xanthophyll cycle
carotenoids in protection of photosyn-
thesis. Trends in Plant Science 1: 21-
26.

Eldridge, D.J. and R. S. B. Greene. 1994. Mi-
crobiotic soil crust: a review of their
roles in soil and ecological processes in
the rangelands of Australia. Australian
Journal of Soil Research 32(3):389-415.

Evans, R. D. and J. R. Johansen. 1999. Micro-

47

biotic crusts and ecosystem process-
es. Critical Reviews in Plant Sciences
18(2):183-225.

Gerotto, C, A. Alboresi, G. M. Giacometti, R.
Bassi and T. Morosinotto. 2011. Role of
PSBS and LHCSR in Physcomitrella pat-
ens acclimation to high light and low
temperature. Plant, Cell and Environ-
ment 34(6): 922-932.

Glime, J. M. 2007a. The shade plants. In:
Bryophyte Ecology vol 1. Physiological
Ecology. Ebook sponsored by Michigan
Technological University and the In-
ternational Association of Bryologists.
http://www.bryoecol.mtu.edu.

Glime, J. M. 2007b. Adaptations for shade.
In: Bryophyte Ecology vol 1. Physio-
logical Ecology. Ebook sponsored by
Michigan Technological University and
the International Association of Bryol-
ogists. http://www.bryoecol.mtu.edu/.

Gorham, E. 1991. Northern peatlands: role
in the carbon cycle and probable re-
sponses to climatic warming. Ecological
Applications 1(2): 182-195.

Han, Q., E. Yamaguchi, N. Odaka and Y. Ka-
kubari. 1999. Photosynthetic induction
responses to variable light under field
conditions in three species grown in
the gap and understory of a Fagus
crenata forest. Tree Physiology 19(10):
625-634.

Johnson, M. P. and A. V. Ruban. 2011. Res-
toration of rapidly reversible photo-
protective energy dissipation in the
absence of PsbS protein by enhanced
ApH. Journal of Biological Chemistry



REYE N MEOEREIAMERIRRECZ T

286(22): 19973-19981.
Lagerstrom, A., M. C. Nilsson, O. Zackrisson
and D. A.Wardle. 2007. Ecosystem in-

succession. The American Naturalist
177(2):233-245.
Maxwell, K. and G. N. Johnson. 2000. Chlo-

put of nitrogen through biological fix-
ation in feather mosses during ecosys-
tem retrogression. Functional Ecology
21(6): 1027-1033.

Lavaud, J. and B. Lepetit (2013) An explana-

tion for the inter-species variability of
the photoprotective non-photochem-
ical chlorophyll fluorescence quench-
ing in diatoms. Biochim Biophys Acta
1827(3): 294-302.

Leakey, A. D. B., M. C. Press and J. D.

Scholes. 2003. High-temperature inhi-
bition of photosynthesis is greater un-
der sunflecks than uniform irradiance
in a tropical rain forest tree seedling.
Plant, Cell and Environment 26(10):
1681-1690.

Lesser, M.P., M.Slattery, M. Stat, M. Ojimi,

R. D. Gates and A. Grottoli. 2010. Pho-
toacclimatization by the coral Mon-
tastraea cavernosa in the mesophotic

rophyll fluorescence - a practical guide.
J Exp Bot 51(345): 659—-668.

Miiller, P., X. P. Li and K. K. Niyogi. 2001.

Non-photochemical quenching: A re-
sponse to excess light energy. Plant
Physiol 125: 1558-1566.

Nilkens, M., E. Kress and P. Lambrev. 2010.

Identification of a slowly inducible
zeaxanthin-dependent component of
non-photochemical quenching of chlo-
rophyll fluorescence generated under-
steady-state conditions in Arabidopsis.
Biochim Biophys Acta 1797(4):466—
475.

Pérez-Torres, E., L. A. Bravo, L. J. Corcuera

and G. N, Johnson. 2007. Is electron
transport to oxygen an important
mechanism in photoprotection? Con-
trasting responses from Antarctic
vascular plants. Physiologia Plantarum
130(2): 185-194.

zone: light, food, and genetics. Ecolo-
gy91(4): 990-1003.

Longstaff, B.J., T. Kildea, J. W. Runcie, A.
Cheshire, W. C. Dennison, C. Hurd, T.

Reef, R. and C.E. Lovelock. 2014. Regulation
of water balance in mangroves. Annals
of Botany 115(3): 327-331.

Ripley, B.S., M. E. Gilbert, D. G. lbrahim

Kana, J. A. Raven and A. W. D. Larkum.
2002. An in situ study of photosynthet-
ic oxygen exchange and electron trans-
port rate in the marine macroalga Ulva
lactuca (Chlorophyta). Photosynthesis
Research 74(3): 281-293.

Marleau, J. N, V. Jin, J. G. Bishop, W. F. Fa-

gan and M. A. Lewis. 2011. A stoichio-
metric model of early plant primary

48

and C. P. Osborne. 2007. Drought
constraints on C4 photosynthesis: Sto-
matal and metabolic limitations in C3
and C4 subspecies of Alloteropsis semi-
alata. Journal of Experimental Botany
58(6): 1351-1363.

Sun, G., X. P. Zeng, X. J. Liu and P. Zhao.

2007. Effects of moderate high-tem-
perature stress on photosynthesis in



BIEEYZERITIT TW J. of Biodivers.23(4):4-12,2021

three saplings of the constructive tree
species of subtropical forest. Acta Eco-
logica Sinica 27(4):2393-1290.

Taiz, L., E. Zeiger, I. M. Mgller and A. Mur-

phy. 2014. Plant physiology and devel-
opment. 6rd ed. Sinauer Associates,
Sunderland. USA. pp. 234-236.

Thornton, L. E., N. Keren, |. Ohad and H. B.

Pakrasi. 2005.Physcomitrella patens
and Ceratodon purpureus, mosses
as model organisms in photosynthe-
sis studies. Photosynthesis Research
83(1): 87-96.

Urban, O., M. Kosvancova, M. V. Marek and

H. K. Lichtenthaler. 2007. Induction
of photosynthesis and importance of
limitations during the induction phase
in sun and shade leaves of five ecolog-
ically contrasting tree species from the
temperate zone. Tree Physiology 27(8):
1207-1215.

Waite, M. and L. Sack. 2010. How does moss

photosynthesis relate to leaf and cano-
py structure? Trait relationships for 10
Hawaiian species of contrasting light
habitats. New Phytologist 185(1): 156-
172.

Wong, S. L., C. W. Chen, H. W. Huang and

J. H. Weng. 2012. Using combined
measurements for comparison of light
induction of stomatal conductance,
electron transport rate and CO, fixation
in woody and fern species adapted to
different light regimes. Tree Physiology
32(5): 535-544.

Wong, S. L., C. W. Chen, M. Y. Huang and J.

H. Weng. 2014. Relationship between

49

photosynthetic CO, uptake rate and
electron transport rate in two C4 per-
renial grasses under different nitrogen
fertilization, light and temperature
conditions. Acta Physiologiae Planta-
rum 36(4): 849-857.

Yan, Q,, L. Zhao, W. Wang, X. Pi, G. Han, J.

Wang, L. Cheng, Y. K. He, T. Kuang, X.
Qin, S. F. Sui and J. R. Shen. 2021. An-
tenna arrangement and energy-trans-
fer pathways of PSI-LHCI from the
moss Physcomitrella patens. Cell Dis-
covery 7: 10.



