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Abstract

Aims  Syntrichia caninervis, a typical drought-tolerant moss species found worldwide in various semiarid and
arid regions, is the dominant species of soil crust mosses in the Gurbantiinggiit Desert, which is a temperate
northern desert of Central Asia. It appears able to endure frequent and intensive freeze-thaw cycles in the surface
soil and maintain physiological functions active even under extreme low temperatures in winter. However, there
have been few studies exploring the adaptive strategies of the species during freeze-thaw processes and interpret-
ing well the phenomena. One of the major goals of this study was to investigate physiological regulatory mechan-
isms of the species when undergoing freezing-thawing periods and relevant antioxidant enzyme activities.

Methods A series of microclimate and soil conditions were continuously monitored in the sampling sites starting
from November 2013. The samples of the moss were collected during the early spring of 2014 from February to
April and from three microhabitats including the sites under live shrub, under dead shrub and on an open ground.
The moss samples were quickly treated in the field for keeping freshness and then brought to laboratory for mea-
surement and analysis. The traits/characteristics that reflect physiological and biochemical activities were meas-
ured for analyzing responses of the species to freeze-thaw processes and for comparing the impacts of different
habitats, which included water content, concentrations of proline, soluble sugar, soluble protein and malondialde-
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hyde (MDA), as well as catalase (CAT), peroxidase (POD), superoxide dismutase (SOD) activities

Important findings The results showed that, during different freeze-thaw periods, microhabitats and their inte-
ractions with alternative freeze-thaw processes significantly affect the contents of proline, soluble sugar, soluble
protein and MDA in shoots of the species, as well as the enzyme activities of CAT, POD, and SOD. Extreme low
temperature and drought caused significantly higher soluble sugar and MDA contents, higher CAT, POD and SOD
activities, but lower soluble protein content, in snow covered period (February) and dry period (April) than the
snow melting period (March). The existence of live shrub decreased temperature around the bushes during snow
melting because of the effect of shade, causing increased contents of soluble sugar and MDA in moss shoots,
when compared to those growing in the habitats under dead shrub and on open ground. However, live shrub could
provide a moister environment for S. caninervis than dead shrub and exposed ground for the duration of desicca-
tion. As the result, the proline content, soluble sugar content and MDA content of the species under the live shrub
canopy were the lowest among the three habitats. Furthermore, the mosses lived on the exposed ground showed
the highest antioxidant enzyme activities comparing to those under the dead shrub and living shrub. This may
suggest that S. caninervis grown on exposed grounds has developed rather a specific adaptations for a harsher en-
vironment condition than that occurred in other two habitats.
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periods
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Bl HRYEE SRR A T A R A, BREEHL. B, JEHEM. C, THHEM.
Fig. 1 Syntrichia caninervis grown under three microhabitats in Gurbantiinggiit Desert. A, Exposed ground. B, Dead shrub. C, Live

shrub.
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Fig. 2 Syntrichia caninervis shoots collected from three mi-
crohabitats in Gurbantiinggiit Desert. A, Exposed ground. B,
Dead shrub. C, Live shrub.

TR (5 FH B ) 2R SR o B s 0 3 S (2%
B e 2R b kL), AR —FR AR R 150 mg ff )i &
(0.001 gh§fE R, M EauEIH R LAk, &
TR T PO AR IR AT, B S Al RS = AT S
220 %2 1143 #7(Robinson et al., 2005).
1.4 SEIRELIBFREINE
141 tEHKEKE

VL] (04 U 7R BERERRAE i, 7 ST AR o i,
SRJE105 CHET15 min, 80 CHET B IH .
F L7 R AP PR EE(0.001 g b B2 K1), AR 4 Munne-
Bosch5(2003) /7 ¥ VTS FLARG 75 7K &t
142 BEATHYMESENNE

AHIEST I I 5 (V92 32 R ) T B S v
B TR (AR BR3P, i B L. %

www.plant-ecology.com

W W VR AR B AT I, LR BEAE
Lamda35*%¢4M 3 Y6 6 U1 (PE, Waltham, USA) &
(Gonzalez & Pignata; 1994; Monreal et al., 2007,
Lassouane et al., 2013),
143 WIEESSFMSUEEEERNE

N 1 (MDA) &5 NUE U ) B B (SOD)
LA EE(POD) A i 48 Ak S (CAT) 3R Hi4a AL 1
WEPERI e 4y MR TBAYE . Feligik. mAIRmyE
FOA] WL A6 v 3547 P 52 (Choudhury & Panda, 2005;
Sun et al., 2009; Wu et al., 2012).
15 HIEBUMHRAONE

TEREMETT N, HEBENS emPIFFTJHL0-5 cm
)2 g [ SE G F KT BE I 2 mm . FH EAR TR
PR R AN AR R I L, SR - R
AR E AR B -EHBRPT L (ki e 0 TR
- KIGICRERM 2 4 . pHATHL S 2R F pHS-3CHE
HpHUFMIDDS-307 Ht 3 A (I F WA AR ) )il s
K LR i LS 1) o SR FH AR BT 5T E 2l +
B n AR B B O ARFMIKICH, 2014).
1.6 HIEAE

i HISPSS 19.0%fF, X ASF T A= 58 1 ik il ol
W 1) 5 I FE AR AT HR Gt 0 AT o B — R 2 PR A Y
(GLM)X AN [7] 75 Fil 391 R0 B3l 7 955 0 17 0] 5 8% % T4
FRAEAEAT HAE FHIEAT 4347 o 7] I o) AN [i) Ak 348 1] (1 4
P HEAT IR 25 5 2293 M (one-way  ANOVA)FII £ &
LL#(LSD), As[FIH #HiE1TRepeated measure ANO-
VA3 1. FPearsonH 5 28 20AG 50 AN ] I J1 A0 ik A=
5N IR oK i TR S B R . T
PMEBE. AEPESE . MDAZES EFIPOD. SOD K&
CATIEVEZ A fAHSSPE, I /HOrigin 8.0% % Hidfs
(S



FAFEEE: VR R SR AN AT i R 8238 W ) BTSRRI 521

2 EHERFMSH
21 AERMEEMERFERSH

GERRM, ANFAESE N LR FR AR B
ZESE, WEHENSPERE G I L. AR 2
TEDEFHETHERE, A LEN SRS E
0 TR (R D) o TN T I pHA AR Y
AN BT R T bE, HIH SR e 2
Sto (RN, LEREE VR 45 VS HE AN Hh R IR B AT
INHIRR EE 1S4 551.7-2.3 °C o MAEA S Rl S R4
Zerp ) T 50 N IIE AN P2 H S8 e LA A= 858
%1.9-5.0 C,
22 BEEKEKE

F P30T A, AR K RTEE A (R A7 A2 Y Re e —
B PRI 3 I U AR s IR AR 5 /K it o 3 A AR S (1) il
AL AT U4 U 7S R I 5 7K B (3 v T AR TR S5 T

R ARSI A T B CP IR R A i 22)

QHMBZET RLEWYINAH . [FIR, A 5 R
AR U AR SR IR 15 7K B Y 2 o T A HE R R
Hh, FEE N IRR R Hh 2 AR AR K 2 R AN
23 BERTYR
231 MR

AN [ I 35 AR AN [ Ak A 355 0o A5 Pl 7 4 i 2 PR
w¥ARERW, H SR ENZ ARG
2)o BRI TR IR UG U A S A R T i
FE TR LA AR CE RS . TP a
FRRIRIE T, A I S S R 7 1 AR I A R i >
FEHE NSTERE T, AR T A AR gl ], %
AR EE 2 A 22 e AN B35 (Bl4A) .
232 TWAENE

2 FI 4B AT UA H, AR filvpl 391 i mr s 1k
B BT A A, BT R LW

Table1 Comparison of soil physical and chemical properties among different microhabitats (mean + SD)

IiH Item

THHEM  Alive shrub

YR Dead shrub REEHL Exposed area

A HUi% Organic matter (g-kg ")
4% Total nitrogen (g'kg ™)

4= Total phosphorus (gkg ')

424 Total potassium (g'kg ™)

M &k Total salt (gkg™)

pHH pH value

Hi 5% Electrical conductivity (us-cm )

VR &5 (H 343kL) Temperature in freezing periods ('C)

R 33 2 (H 436L) Temperature in snow melting periods (‘C)

F )T S0 R i A5 (H 243) Temperature in dry environment (°C)

3.721£0.318% 3.898 £0.737" 2300 + 0.574°

0.475+0.073% 0.495 £ 0.048" 0.301 +0.047°

0.400 + 0.014% 0.445 +0.013* 0.394 + 0.059"

13.119 £ 0.249" 12.977 £0.127% 12.194 +0.136°

0.576 = 0.018* 0.567 = 0.079* 0.514 + 0.045
7.652 +0.262°

0.125+£0.016"

7.936 +0.031° 7.672+0.036"

0.131 £ 0.009* 0.129 £ 0.008"

-9.36 -11.09 -11.67
—2.18 2.81 2.82
9.76 11.64 11.64

AN )RR TR 3T AR S5 ) 22 57 (2. 2 (p < 0.05).

Different letters indicate statistically significant differences (p < 0.05) among three microhabitats.

_of &b i A Alive shrub
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18] (H) Date (Month)

B3 RIS N K AR SRR K B AL CP BRI Z2) . AN/ NS FREANR S PR RS AN AR T

AMANTR] 25 Rl S 1A J) 7% S AL 57 /K 22 57 .3 (p < 0.05).

Fig. 3 Comparison of water content in Syntrichia caninervis shoots from different microhabitats and freezing-thawing periods
(mean + SD). Different lowercase and capital letters denote statistically significant differences in water content (p < 0.05) between

microhabitats and periods, respectively.
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Table 2 Repeated measures ANOVA on the effects of microhabitats and Freezing-thawing periods on physiological and biochemical characteristics in Syntri-

chia caninervis

X Factor e a e RS e WEHERASE WS R EENE JR dsEA
Proline Soluble sugar Soluble proteins MDA FitF v Hit v Bk
content content content content SOD activity POD activity CAT activity

W4EE% Microhabitats 37.695" 1.841 41.663" 5.488" 122.5564 45.145™ 22239

YRR Freezing-thawing periods 266.579” 919.016” 325.679" 1153.946" 494308 152.8787 105.681"

A B R Tl 40.255" 27.920” 3.475" 7.710" 50.115" 15.406" 3.869"

Microhabitats x freezing-thawing periods

MDA, malonyldialdehyde; POD, peroxidase; SOD, superoxide; CAT, catalase. *, p < 0.05; **,p <0.01.
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Fig. 4 Comparison of the contents of compatible solutes (osmoprotectants) in Syntrichia caninervis shoots from different microha-
bitats and freezing-thawing periods (mean + SD). Different lowercase and capital letters denote statistically significant differences in
solutes (p < 0.05) between microhabitats and periods, respectively.
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Fig. 5 Comparison of the content of malonyldialdehyde (MDA) in Syntrichia caninervis shoots from different microhabitats and
freezing-thawing periods (mean = SD). Different lowercase and capital letters denote statistically significant differences in MDA (p <

0.05) between microhabitats and periods, respectively.
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Fig. 6 Comparisons of the activities of peroxidase (POD), superoxide dismutase (SOD), catalase (CAT) in Syntrichia caninervis
shoots from different microhabitats and freezing-thawing periods (mean + SD). Different lowercase and capital letters denote statisti-
cally significant differences in enzyme activities (p < 0.05) between microhabitats and periods, respectively.
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Table 3 Correlation coefficients among physiological traits in Syntrichhia caninervis shoots and environmental factors in different microhabitats during the

freezing-thawing periods

A58 Variable RS R WS R RMEEASE WoEAER BEEL juE=Eidty] JuE=E iz
Proline Soluble sugar ~ Soluble proteins MDA content Pty HiEF 1 P g
content content content SOD activity POD activity CAT activity

ZRMRIBFRLEH Freezing period

/K Water content -0.191 0.737" 0.861" -0.051 -0.915™ ~0.800" -0.803"

iLJ¥ Temperature —0.191 0.730" 0.861" 0.052 —0.899" -0.767" -0.797"

AT Snow melting period

& /K Water content 0.172 0.462 0.515" 0.747" —0.457 -0.668" ~0.479

L% Temperature —0.008 -0.907" —0.696" —0.635 0.437 0.755" 0.644"

EZHATREILEH Dry environment

/K Water content —0.812%* -0.676" 0.747" —0.764" -0.696" -0.758" -0.830™

iLJ¥ Temperature 0.802%* 0.601" —0.688" 0.707" 0.710" 0.767" 0.809"

MDA, malonyldialdehyde; POD, peroxidase; SOD, superoxide; CAT, catalase. *, p <0.05; **,p <0.01.

KA AR P LR S (L AR R A IR 7K 23
RS TE UK &, IR R ™ A0 F o iyl ik
B AR R AR SR RE G 1 A0 VAR, BRI L
KB, TN UK A B T S IR i ST g
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XA B A T 2 A A i AU A B e g i A R K
B ERER AR B 5 (Bhyan et al., 2012). [&] i 4F
FURIN, RIS I TR T, SNk
DAY IF T R T S I 5 ) A A 1 ) S
T, X AT e A AR R K R i A A
WAL T+ B IERAS TR 3X 5 5K 5K T
(2014) FEAREHL 5 AR AT IVl 71 i 2 38 A A AR P I R IR
) B 7K B () sl AT JUI 7R B A P )y A R 5 i 2
P S A A 45 A 5. BRAh, HRASE(2005)
FE AR [R] X 45k B 4% (Bryum  argenteum) Al - A= X 7 4
(Didymodon vinealis) 4T 5Tt B, R4 44 4 il 24
1 55 T s R TR PR K SR AR R/ T 2 A T
DR T K R 2 [ R B

AE TR AR M EE IR Y e —, K
TR e R B RS S MR P ()8 R AR K
B E S UL R A A QU R R . AN DRI R DA vt
ORISR Rt 7R (R =K/ TR 3 G INE S
W, BT BRAR . A0 B3 4R (2012a) T I R BLBE
R SERR I ik RN TR oS N S R = 8t TR
/b, AR SIZHS R R AR R AR U A T A A ) i
A AR R TIPS, IX] R AR il
AR 458 5 K AR B i T AR R A I AR
AT RO A ¢, RS IRl AT T B K
TGN, R A % ) R AR S K PR
O RS PE o H Y 1 45 (2010) 72 X 2R T i &
(Racomitrium japonicum) (I AfF 5T & B, Bl 55
TR EE R IR P A 2 1 R A

K53 ()7 HL B = 5 MW o PR 8 3 2 it il 4 e
NI Rk A AR FEE D ), A4 400 i AR R R MR AR
RS I BS1 B e, 30 175X 40 5 (1) 2 s AR
5E M I T A F, BRI AR N T
MDA & U NG 75 & 4%, 2011). WF5T R IREA
TR BlK (R E %, 5 e i 45 5 2= Ay
TR IR R AMDA & B B 2w TR . [
N 2 2 v ) 56 R AR G 2t R BHMDA &
YRS KE R D E K KRERS). AFHF
(2012b)EAIF 5T 4= AE X i 4% (Didymodon vinealis) i 8
RIS T 5008 W G 0, R 7R N MDA &
W, AEEE PRI AR R . A
GRSy a8 6] SR 42 AT &% (Mnium cuspidatum).
7 #¥ (Brachythecium albicans) . 47 Hh %% (Reboulia
hemisphaerica) ] MDA & & 5% Wi 5% /Iy (012 55,

2010) 1X 1] BE BB AN [F) S AP A1 0] 7K 73 T iy
HAARFEMm AU Thah, 784 TRHR 7% 45 1A
PEIFIMDA 5 & b 2% 5 T RS Rl R 2= v a1
SN, RTS8 MR S K& &
FEFRHTRICWM AEK 35 MRS ik,
HE NN U7 T 7% 6 IO MDA 2 58 50 52 25 w8 1 4 6 M,
XAl — 20 U B A& 2R IR N R 3 T ™ EE R
i, X507 5 (2011)XF 2 3 K #% (Hypnum fertile)
I HEL Ak B 5 RAF AR o

h T G SRR ek P X 4 P e 4
i, A4 20 M g % 38 A kK B [ CAT . POD A
SODZE PR B KT B 22 4% (103 T A R A 9]
¥ H M3 (Zhang & Kirkham, 1994; Meloni et al.,
2003). WFFUARIR: 7E/K 53 78 2 AR S Bl AL, 3Fhbt
FALREIE Y B F IR T AR T RS AR T4
FRIEM . F A 520 A DS 2 A
KR PTG P 5 R /K SR 2 35 A K,
FE TR AR LU TRV HE N A 1 205 268 3 e A A B i
PR 2R T AR K AR R ZE R X 3, 31X 55K
FR A LRI SRR A 7K A7 Il 7 A B A A P T 25
R—2, 76T BN A 7x 68 5k 6% 18 i 19 0
CAT. PODFISOD 37T 4 A4 Ml 37k 12 A HRAE T 5
B 0 F R FRI5K T, 2014) . 5T 5
T —FE, AR i i R AR A 2 B O R T
FALEERIERR 2 RIVE B k. O MIFRRIE
N T AR Y SODFIPODZEHi A AL Bl it M i
FEWINOLEES, 2011). AWFFTR I K75 15 45 1)
&K B T HREET AT R ICm M, (HA
IR 75 H RN 3 = ) CAT. PODFISOD%%:
DUV PE, XX 150 B e 20 R A2 1 I 0 AR i I ¥
25 T8 A BROK B ()0 A A T A AR ARG g AL X A
LRENIOE G
32 WHEEMEMAHSERATYSEMMAK
B A RS20

R ) AR AR 1) LAy R RIS R/ N IR, K
INEE S AL IR AR A RN o) A, NI R e £
A ARSI USSR A B 1R] 1) 2 S AR A 6 e v A
FAAY) A B AR AGREAE = A — e R ) . FAY
RIMAEFA T @b IE NS T e o i R A T
FoA AN AEBE, X AT B8 i T AR 3 bk S E A Rk
(174 B 200N A AT ) S AT T R e b RN B0
M(Nagao et al., 2006; 7KIVUE5E, 2013), [RII, A5
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SFT RN, ARk R AEME S AN nE R
B AR R 2 SO DG R S K TR . B
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MU 2R O & W I T PR A FRR i, L AE 3%
ARS8 K EARE B UK, X5 AT
TERAT A B3 27 Fi I A 1) 2 e A PR 1 ) . (R BT 9 45
R—B(FARFERTKICH, 2014).

K TURIRAG W AR AR AR AR N s P 5 B
SR EoKE R B IEAHRK KR (EKS), SRR
Hn, MY A S B, MY R
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THARA S (EIEZESE, 2012). BTV TN NI
VAT JDI 7R SR At A 355 1) 3 A AT B 22 7K 43 R K I
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