2001, 19(2): 135 142

Journal of Wuhan Botanical Research

1 1 1 2
(1 , 416000;
2 , 110015)
: Plagiannium acutum (L indo ) T. Kop. Thuidium cym bi-
foliun (Dozy &Molk ) Dozy &Molk Chrysocladiun retrorsum (M itt ) Fleisch
(1999 5 20 6
10 ) 3 , (Pn) 2
, 20% 70% ,Pn
80% 95% ,Pn , 70% 80%;
20% 80% ,Pn , 80% 95% ,Pn
, 80% 90% (60%
95%), (Rd) , (20% 70%),Rd
3 ,
S
1 Q945 TA : 1000-470X (2001) 02-0135-08

Relationships of W ater Content to Photosynthesis, Respiration
andW ater Potential in Three Species of M osses

L U YingDi", ZHU JieYing', CHEN Jun', CAO Tong’

(1 College L if e Sciences and Chenistry, Jishou U niversity, Jishou, Hunan 416000, Ching
2 Institute d Applied Ecology, TheChineseA cadany o Sciences, Shenyang 110015, China)

Abstract: The relationships of water content to photosynthesis, regiration
and w ater potential in three geciesof mosses, Plagiannium acutum (L indb )
T. Kop. , Thuidium cymbif olium (Dozy &M olk ) Dozy &M olk , and Chryso-

: 2000-10-31, : 2001-03-04
(1958- ),

* A uthor for correpondence



136 19

cladiun retrorsum (M itt ) Fleisch were studied during M ay 20 to June 10,
1999 Among these threemosses, there are wo typesof w ater reponse mod-
els for net photosynthetic rate (Pn). One appeared in Thuidium cym bif olium
and Chrysocladium retrorsum, in which Pn increased with the water content
from 20% to 70%, but decreased from 80% to 95%. Theoptimum w ater con-
tentwas 70% 80%. A notherwaspresented in PIgiannium acutum, inw hich
net Pn increased w ith w ater content increasing from 20% to 80%, and a high
level of Pnmaintained from 80% to 95% of w ater content Theoptimum w ater
content was 80% 90%. In aw ide range of water content from 60(70) % to
95%, the Rd remained relatively stable But in the range of low er w ater con-
tents from 20% to 70%, the Rd decreased with decreasing w ater contents
Changes in betw een water contents and w ater potentials within these three
mosses are similar to each other. Thewhole curve of water contents to loga-
rithm of w ater potentials appears to be S-formed

Key words M osses Photosynthesis Regiration; W ater content; W ater po-
tential

1 Introduction

B ryohpytes face the sane basic problan s of life on the land as flow ering plants
W ater is essential for metabolisn, but is Iimited and erratic supply in the aboveground
environrment where the leaves must be exposed in order to photosynthesize!'
B ryophytes and vascular plants exemplify two alternative patternsof adaptation to these
conditions V ascular plants have evolved roots and an efficient conducting system,
bringing water from the =il where it is relatively plentiful and constant supply.
B ryophytes have evolved to utilizew ater w here and w hen it is available above ground;
ome are confined to moist habitats, but many can tolerate drying out, and some are ex-
tremely desiccation-tolerate and highly adapted to apoikilohydric existence T he studies
of w ater relationsof some bryophytesw erew ell documented in resent publications in the

[278]

world™ ™, butwere neglected in China

It isnecessary to cultivate thew inter host mossesfor the gallnut production in Chi-

[9717]

na , Which requires us to understand the physiology of mosses So our attention has

al been paid to the physiological studies including light and temperature response in
photosynthesis, diurnal course of photosynthesis and dark regiration of mosses** >
This paper reports some experimental results on the relationships of water content of

w inter host mossesw ith photosynthesis, dark regiration and w ater potential
2 M ater ialsandM ethods
21 Materials

The threemossesused in the experimentsw ere collected from D ehang scenic ot in
Jishou, western Hunan, China, 28°15'N, 109°40'E, at an elevation of 300 350m. The
mosses include three abundant and common gecies One is Plagiannium acutum
(Lindo ) T. Kop. it usually grow son a thin layer of il over rochs near streamsor on
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the hillsides of wooded mountains Its habitat is shaded, wet, or sometimes unshaded
A nother common secies is Thuidium cymbif olium (Dozy & Molk ) Dozy & Molk. .
Thismossoften grow son exposed rocks beside roadsor near stream s in wooded moun-
tains The third, Chrysocladiun retrorsum (M itt ) Fleisch It is a distinctivemoss that
grow sonly in the humid habitats of wooded mountains, commonly hanging on cliffsor
rocks faces The voucher specmens are housed in the Herbarium of Jishou U niversity.
22 M eawranent of the water content and net photosyn thesis

TheCI-301PS (CD Ins , USA) was used to measure themoss net photosynthesis
(Pn). Theopen systean was used in the experiment The Pn in the output of this sys
tem w as based on the anount of COzper leaf area unit (imol*m™ *s ), which must be
oconverted In thispaper, the Pn isexpressed based on the anount of COzper dry w eight
unit of materials (imol*kg ‘DW*s *).

W hen measuring the water relation of Pn, the Photosynthetic active radiation
(PAR) on the assmilation chamber w as controlled w ithin 800 900 ymol*m™ *s *, and
the temperature of the sanples, within 24 26 . The dark regiration (Rd) wasmea-
sured in darkness Thematerialsw ere selected and cleaned beforemeasuring At first,
the sampleswerew etted andw eighed They w ere then placed in the chanber and mea-
sured rapidly (in 3 5min ). Then the samplesw ere ranoved from the chamber and
placed in sunlight or under electric lanp for evaporation of the water in the samples
A bout 10 minutes later, the samplesw ere again placed in the chamber and measured,
and 2 on Interval time betw een the wo measuranents depended on the evaporation
rate of water in the samples U sually 5 7measurenentsw ere needed for a single sam-
ple from the saturated to about 15% 25% w ater content T he results reported in this
paper include measuring values of five parallel samples for one gpeciesof mosses, and a
singlemeasuring value is an average of five readings in the experiment A fter themea-
suranent, thematerialswere dried at 80 for 8 hours and then w eighed
23 M eawranent of relation of water content to water potential

Themethod for measuring relationship betw een w ater content and w ater potential
w as approximately the sane asBusby & W hitfield*! and Dilks & Proctor™. Saturated
salt olutions in closed containers (at certain temperature) provide precise relative hu-
m idity that can be transfomed into w ater potential values A range of relative hum idity
percent of values (15, 32 3, 44, 54, 75 5, 81, 86, 90, 93, 95, 98) was chosen and salt

[22] [23] and

lutions that provide these humidity w ere selected according to W ylie”™, W east
Dilks & Proctor'®!

M oss samplesw ere sugpended over the saturated salt solutions in closed flasks
The teanperature in the flasks were maintained at 20 + Q@ 5 . The samples were
w eighed at an interval of two days until a constantw eight w as reached Thew ater con-

tentsw ere detem ined from the equilibrium w eight and dry w eight (80 for 8 h). M ea-
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surements were made on both wet and dry materials W ater potential near zero
(0 1mPa) wasobtained by supending the materials over distilled w ater in the flasks

3 Realts

Optimal temperatures and PAR levels have been established for these three

mosses in our previous studies’™ **.

A ccording to these results, measuranments of
influence of w ater content on net photosynthetic ratew eremade at PAR level of 800
900 ymol*m” *s * and a sanple tenperature of 24 26 . The results obtained under
the same condition but w ith the chamber covered w ith dark fabric represent dark regi-
ration rate The expermentsw ere carried out in the laboratory from M ay 20 to June 10,
1999 The resultsare shown in Figs 1 and 2

31 Water content and net photosynthesis (Pn)

Among these three mosses, there are wo types of water regponse models for net
photosynthesis rate (Pn). One appeared in Thuidium cymbif olium and Chrysocladium
retrorsum, in which Pn increased w ith the w ater content from 20% to 70(80) %, but

150 decreased from 80% to 95%. The optimum
w ater contentwas 70% 80% (Fig 1. B, C).
A nother waspresented in Plgiannium acutum,

100 |
50
° in which Pn increased w ith w ater content in-

=T creasing from 20% to 80%, and a high level of

o Pn maintained from 80% to 95% of w ater con-

tent The optmum water content was 80%

90% (Fig 1L A).

The relationship between water content

and Pn has been well documented in various
[376, 25, 26]

-100

110 .

-100
mosses

A coording to Stalfelt'™™ and
Dilks & Proctor®™, water reponse curves for
Pn of many mosses grow ing in dry habitat ex-
hibited an optimum, w ith the rate declining a-

gain at high water content Only in gecies

Pn & Rd(pmol CO;+kg=! DW.s=1)
5

-50 T —— growing in wet habitat such as H ookeria lu-

20 30 40 50 60 70 89 90 100 . . .
cens, did the rate of Pn increase continually at
Water content( %)

the high level of water content In our experi-

Fig-1 Relationships of net photosynthesis (Pn, ment, thew ater rquonsemOdel for Pn shown
olid circles) and dark respiration (Rd, open circles)
to water content of the mosses Plagiannium acu-

tum (Lindb ) T. Kop. (A), Thuidiun gmbifoliun retrorsum is approximately the same as that
(Dozy &M ilk )Dozy &M ilk (B),and Chrysocladi- ) i o .
um retrorsum (M itt ) Fleish (C) w hich gppeared in mosses grow ing in dry habi-

tats described by Stalfelt'™ and Dilks & Proc-

by Thuidium cymbif olium and Chrysocladium
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tor®. But in Plagiannium acutum, the model is smilar to that of mosses grow ing in

w et habitats
32 Water content and dark respiration (Rd)

A Ithough therew ere different models of w ater reponse for Pn, thew ater regponse
model for dark repiration rate (Rd) in the threemossesw as similar. In aw ide range of
w ater content from 70% to 95% the Rdmaintained relatively stable But in the range of
low er w ater content from 20% to 60(70) %, the Rd decreased w ith the w ater content
decreasing

Among these threemosses, thew ater regponse of Rd in the range of low er w ater
content is roughly synchronousw ith that of Pn for Thuidium cymbif olium (Fig 1 B)
and Chrysocladium retrorsum (Fig 1. C) but behind for that of Plagionnium acutum
(Fig 1:A). This show s that photosynthesis ismore sensitive to desiccation than regi-
ration for mosses grow ing in wet habitats, such as Plagiannium acutum. In mosses
grow ing dry habitats, such as Thuidium cymbif olium and Chrysocladium retrorsum,
how ever, the regponse to desiccation for Pn and Rd is roughly the same
33 Water content and water potential

Relationship s betw een w ater content and w ater potential for these threemosses are
presented in Fig 2 The differences anong gecies areminor, and there are no signifi-
cant differences betw een desorption curves (obtained from wet samples) (Fig 2A) and
absorption curves (from dry samples) (Fig 2 B) except for the datameasured from
near 0 to - 2. 7mPaofwa- 80

ter potential The equilibri- S 60
um water contents over diss %
tilled w ater w ere difficult to % 40
detemine'”.  Because the I
water potential gradient be- * A B
tw een mosses and the satu- 0 - : i}
1000 -100 -10 -1 -011000 -100 -10 -1 -01

rated atmogphere  was

. Water potential (mPa)
minute, the rate of water

. A. Desorption (w etting) curves B. A bsorption (drying) curves
vepor movem entwasm inute e Plagiannium acutum; © Thuidium cym bif olium;

am - O Chrysocladium retrorsum (M itt ) Fleish (C)
aswell A lthough the Fig. 2 Relationships of water content(% ) to w ater potential

ples were maintained for

two weeks on distilled water and a saturated solution of CuS04 (- 2.7 mPa of water
potential) in our experiment, it did not eliminate the hysteresis effect on wetting and
drying curves from near O to - 2.7 mPa of water potential as shown in Fig 2 From
- 14.3 to - 257 mPa of water potential, irregardless of wetting or drying curves, the
equilibrium w ater content of these threemosses is quite smilar, and a linear relation be-
tw een thew ater contents and the logarithm of w ater potential waspresented The entire
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curve of w ater content to logarithm of w ater potential aopears to be S-fomed (Fig 2).
The differences for relation of water content to w ater potential anong secies of

[3, 4]

mosses have been proven to be minute by many workers Dilks & Proctor put for-

ward a schanatic relation of water content to water potential for a poikilohydric
moss™ *. W e averaged the valuesmeasured from our three mosses, both wet and dry
samples, and al® plotted out a scheanatic relation of w ater content to w ater potential
(Fig 3). Comparedw ithDilks & Proctor, our schematic relation demonstrated a similar
general w ater content regponsemodel to w ater potential, but included a little description

of external capillary w ater associated w ith shoots of mosses

80
:; 60 | Fig-3 Relationships of water content to w ater poten-
‘;é tial for the mosses Plagiannium acutum, Thuidium
] oymbif olium and Chrysocladium retrorsum. The curve
§ 40 was fitted according to averages of data from both wet
5 and dry sanplesof the threemosses From A to B, most
= w ater isclosely asciatedw ith surfacesand is relatively
g 20 mmobile From B to C, increase of water content is
mainly w ithin the cells C is the point of incipient plas-
o molysis from C to D thewater content increasesw ith

the built-up of wall pressure and the first gppearnce of

-1000  -100 -10 -1 01 oternal capillary w ater

Water potential (mPa)

4 D iscussion

Stalfelt (1937) pointed out that thew ater regponse curve of photosynthesis for Hy-
locan ium splendens exhibited an optmum, w ith the rate declining again at high w ater
content, in contrast to the behavior of regiration'®. This isprobably a consequence of
the much slow er diffusion of gases through w ater than through air; and excessw ater
would be expected to restrict gas exchange at the low concentration gradients available
for CO2 uptake but should have negligible effect on respiration But Dilks & Proctor
presented data that the Pn rate declining at high w ater contentsonly agppeared in mosses
grow ing in dry habitats Thismeans that the Pn rate declining at high w ater contents
probably show ed the physiological characteristicsof themosses grow ing in dry habitats,
and was not, or was not completely, a consequence of the slower diffusion of gases
through w ater than through air. Our resultsals support thisidea Thuidium cym bif oli-
un and Chrysocladium retrorsum are both mosses that grow on rock, and they are not
only the desiccation-resistant mosses, but are al®o sensitive to excess w ater in their
habitats Plagiannium acutum, however, growing on il and in awet habitat, is a
desiccation-sensitivemoss, and can tolerate excessw ater in its habitat

Regiration, on other hand, show s little change over aw ide range of w ater content
for these three mosses in our experiment A ccording to the experiment described by
Dilks & Proctor, portionsof the curvesoverw hich Pn and Rd are steeply related tow a-
ter content are not conspicuously separated for mosses grow ing in dry habitat (Fig 2),
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but are separated for mosses grow ing inw et habitats(Fig 1) "

. Thisisa consequence of
a slow er increasew ith w ater content increasing more for Pn than for Rd for themosses
grow ing in wet habitats In our experment, Pn and Rd of Thuidium cym bif olium and
Chrysocladium retrorsum increased rapidly with increasing w ater content, both reached
their maximum at 70% of w ater content T hese wo mosses behaved the ssame asmosses
grow ing in dry habitats described by Dilks & Proctor’®. For another secies, P lagian-
nium acutum, the Pn increased with water content slower than did Rd, behaving the
same asmosses grow ing in w et habitats as described by Dilks & Proctor'®.

For the relationship betw een w ater content and w ater potential, Busby & W hitfeld
" Thiswas confimed in our ex-
periment But someproblansexistedw ith thismeasurenent egecially at aw ater poten-
tial near zero. In the experiment described by Busby & W hitfeld*!, w ater potential near
zero w as obtained by sugpending dried material (- 29.3 to - 281 mPa) over distilled
water. Equilibrium water contents, how ever, could not be accurately determined be-
cause the samplesw ere overgrow n by fungi before their w eights stabilized T he data ob-
tained in them easurement described by Busby & W hitfeld"w ere presumably low er than
the real values W e usedw et and dry samples to measure the equilibrium w ater content
for w ater potential near zero by sugpending the samplesover distilled w ater (near zero)
and a saturated lution of CuS04(- 2. 7mPa) for wo weeks The average of values

obtained from wet and dry samplesmay be close to the real value

pointed out that differences anong ecies areminor

T he differences betw een mosses and flow ering plants is put in pergective by the
fact that Pn in the latter decreases as soon asw ater potential drops below - 0.1 to
- 0.3mPa Indeed, in most flowering plants Pn may reach zero or even become nega-
tive (i e, regpiration is exceeding photosynthesis) w hen w ater potential drops below
- 1.2to- 1.5mPa Thus, to survive, flowering plants and fernsmust control their
water contents 0 that they remain within the Imits set by their water potential

values'!

. But in mosses, egecially in mosses grow ing in dry habitats, Pn decreases
more slow ly w ith a decreasing w ater potential (See Fig 1 and Fig 2). W hen w ater po-
tential dropped to - 1.0 - 1.5mPa, the Pn decreased only a little W hen w ater po-
tential continued to drop below - 2.7 to - 9.8mPa, Pn decreased quickly. W henw ater
potential dropped below - 9.8 to - 14.3mPa, Pn gpproached zero or becan e negative

This result show s that the mosses cannot control their w ater contents or w ater poten-
tialsw ithin a relatively stable range, but they can viably reponse to the fluctuation of

w ater potential in their habitat
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