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Effects of leaf hair points on dew deposition and rainfall evaporation rates in moss
crusts dominated by Syntrichia caninervis, Gurbantunggut Desert, northwestern
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Abstract: In arid areas where rainfall is rare and solar radiation is strong, reducing water loss and efficient water use are
extremely important for plant survival. Desiccation-tolerant mosses are the dominant components of biological soil crusts
(BSCs) in desert ecosystems. These mosses play important roles in soil surface stability, fertility, and ecological
restoration. Crust-forming mosses have presumably developed special morphological and anatomical features to cope with
harsh desert conditions, but the nature of these remains largely unknown. Some special morphological features (such as
convex or concave leaves, papilla, and thick marginal cell walls) have been observed; providing evidence of long-term
adaptation to the desert environment. Leaf hair points ( LHPs) are important morphological structures in many desiccation-

tolerant mosses. These are elongations of leaf midribs; they are generally white, with many small spiny teeth on their
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surfaces. A few preliminary studies have indicated that LHPs in several kinds of cushion mosses can reflect sunshine,
absorb moisture from the air, and reduce water loss. Precipitation is the main water source in desert areas. The rainfall in
the center of the Gurbantunggut Desert is only 70 to 150 mm per annum, and most rainfall events (89.8% in 1998—2007
data) are less than 5 mm. Even so, these events still enable desert mosses to reach and to maintain hydration for a time. In
addition, dew and fog (occult precipitation) provide small amounts of water; not enough to hydrate mosses, but with a
greater frequency than rainfall. Occult precipitation is thus another important water source for desert biology, and has a
crucial role in these ecosystems. Research into the role of the LHPs of drought-resistant mosses is timely. We collected a
dominant desert moss, Syntrichia caninervis, from the Gurbantunggut Desert of Xinjiang, China, to investigate the effect of
LHPs on water use. The LHPs of S. caninervis are often broken in nature. Our method involved comparison of moss patches
with LHPs and moss patches with LHPs manually removed. Characteristics of dew deposition and short-term rainfall
evaporation (1 mm, 3 mm, 6 mm) of S. caninervis crusts with and without LHPs were studied using purpose-built micro-
lysimeters (PVC, h=3.5 cm, d=5.7 cm). Resulis indicated that (1) Dew amounts on crusts with LHPs were greater
than on crusts without LHPs. After sunrise, the dew on crusts with LHPs dried slightly faster. Daily dew amounts on crusts
with LHPs were greater than on crusts without LHPs. The total dew amount for seven days on crusts with LHPs was 10. 26%
greater than on crusts without LHPs. Thus LHPs can improve dew amounts on S. caninervis crusts by 10.26%. (2)
Rainfall evaporation rates from crusts with LHPs were lower than from crusts without LHPs at every time of evaporation; this
was most obvious during the early period. LHPs can significantly delay and reduce water evaporation, thus extending the
hydration time of S. caninervis crusts. These differences in water utilization are a result of two aspects. More efficient dew
use is attributable to LHPs increasing the surface roughness of the crusts. By reflecting light, forming internal capillaries,
and reducing gaps between individuals, LHPs are able to reduce rainfall evaporation. In conclusion, the existence of LHPs
is favorable for the utilization of dew and rainfall by S. caninervis crusts, and increases the ability of these moss crusts to

adapt to arid conditions.

Key Words: moss; Synirichia caninervis; biological soil crusts (BSCs) ; leaf hair points (LHPs) ; dew; evaporation

TR H X R KR D B AR AT A R RIBOK 73 W78 2 e S8OR T K 3 0 Hes A7 11 R R AR A H
BE ) AR M B R A B ) SR A BRI AR 25 2 R Bl = A AL K 4y
TGRS, 8T B A KR o AT N JOK FIBOK TFET: A58 R A HAEAMRIE S 4 i
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i 7K S SR AIL T BIE F2 14 (A At A 27

i B2R (Leaf hair points, LHPs) JEARZEEEAEY) (JUHUE IR P68 ) 2 A SMTRASH , e P il Y
TR AR FR IR B 22 AR . BRI I R — MR LGB AR, e im0 28 tRAR 2/ NRURILIR 16 471021 3¢
FERMIIBETIIEE D RO A TN BIRAE AT HE I, 3 BB s S P ik 43020 A F s R
SRABAE E BEH MR DK A BIUR 70 1 il oA i LA T B 1 TR R A ) (FL T 5 45 PR B £ T R AT T
%, FREAR TR At AR £ AR,

e 7K R e 5 M DX A 2 K o0 R U, il R IESE T R I B AR B K A 2D (70—150 mm ) |, 17T HL /)N i 4% 0K
(5 mmPLF) SREEAR R (5 BRI Y 89. 8% ,1998—2007 4% ) B | B XU [ /K B ffi B A DN 3838 3] — &
FEPE KBRS TIFRELERS — € B Ta] . F3 o0, BEAS K |55 7K A6 G T Ik 7K U e T A ) 114 T S /K 23S UL, MR
F E SRR SIS , X S A Y AN S A A B R T B T A R /N K Sy
AR VMEEERAE YR BN TR G IS HARBE KR PIRMAEKE R ST, $ i U Rk . (1) BAR
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Bl1 FBAFAERETEEFER(A,B) LER(C,D) EMFREEMRRANTERERNEKR(E,F)
Fig. 1 Normal individuals of S. caninervis with (A, B) and without LHPs ( C,D) in the dehydrated and hydrated conditions and
individuals which the LHPs were artificially removed (E,F)
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1.3 WUk
1.3.1 A TCBRE MR aELE K BES5 K il e ik

H A PR _E A G — R BE LS K I 5 8 AR SC L Bk PVC AR N B 3 ( Micro-lysimeter ) ] 5E #E 2%
RPN RBARFERAE 10 NEE  IFE S MR IE R Res THAMIYD + K K 2 K
XFEELE K SLIG R K EAR 7.5 em B8 S om [ PVC ANERS JENLIH A LS iz H 3 rp 4 1 5 R 50,
YD 4 IR — AR R R IR B SRR OB T A SNEE N, PRUERE T 2 5 4N e - R T +F
-, FER RO EHARECE 1 DU AT RE NS T K 4328 Bl R UE T RE 45 SR A vE R v, RS K R
F20104E5 H4 HES H 11 HEFT, 8K 17. 00 MZH 9. 00 FREME (KR 0.01g) , Z2(H BRI REELE K
. 24 h BYBESS SZE RO FE LI T 2010 4E5 A6 HES A 7 Hikfr, &M 1 h & 1k, SCEa
HC-520 HL 00 BTS2 B 5 30 b v A5 1 5 IR
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A, H U 2 B A (mm) s OB TR R B RS (om) 5 K 085
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1.3.2 A ToBRE M A ELE K 78 K 8 iyl e Jr vk

BEAE ST SE AU G LR AR BRI IR AR & 20 0 ARIEIFSE DX A [v) B /K o 2 1 A0 K R B
MRS R 3 MUK EREE B 1 3 mm F16 mm, MIA PVC & H/KE D8 2.55 ¢.7.66 g F115.31 g,
BABHURE KBTS AR TCBRE AR 5 MEE AR E 5 A HYD R alizK T 28 % 0 B B8R
15 45,3860 4>, Z8E ST 2010 4E 5 A 12 H 10:00 JF4A, 2 2100 455, 25 H RS, KU/~ L
10,20 .30 min £ 60 min [B]fEFRE, I H RS E R 0.01 g,

FRXTE  TCBIR L, B BARZE & ( Accumulative evaporation rate, AER) 47 B3z LA, T2 I8 — 3
ZUFHZE & i ( Accumulative evaporation amount, AEA) [AH 2% ( Difference ratio, DR) [40-42] ,

(AEA(i)Without LHPs — AEA(i)Wim LHPs )
AEA(i)\Xithom LHPs

A b, DR RN I B A BRES I L TCBRES /DR I (1 7050, B R AR R i A 22 %
AEA v B i B BRSO BRI ABA v o BRI BRI ) RBUR A
1.4 Hdageitot

FH SPSS 13.0 Fil Excel 2003 #£47 5 MAESE 2087, FIH] SPSS 13.0 H1iY T-test,One-way ANOVA K5 5 A
[ it P BRE 23 7K i B WA K 28 K s A 2 0 1 22 5 1 3 1, ORI Excel 2003 |\ Origin 8.0 23],

2 BREDH
2.1 MBI T A I R BE LS B A BESS KRR
2,11 MBI AR BELS B i EESS 5 AR BT A
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IFIRE L /K BTk B IR K, B E A ZE T B, 22 1700 B 25 RF S B 45 /K B 5K BB AIK . 7EBESS B B (18.00—
09:00) , 47 ERE, i BEAE /K BRI A (R £=0.0123, R*=0.9945) FitR F R BRE: K (k=0.012, R’ =
0.9965) , ~#F H WA THRYD (k=0.0065, R*=0.9913) ; BBt eiv 45 R4k 145 B B (R BELS K BB 24 75 T
TCBREE ARV . TAE H S 28RN BE(09:00—17:00) , A BIREE B I BELE K R BHE R (k= -0.0247,
R =0.997) B T EBRLIE (h= ~0.0206, K*=0.9981) , i iy 26 WO FEHIX B2 12 (k= —0.0124,

DR =

x100% (2)

2
R =0.8793) .
024
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E 016
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e 0+
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L <
— — — IS o o o T e e et e e e e et e e
5f ] Time

B2 B EZEXREMABERNRERFRIE
Fig. 2 The course of measured accumulative dew and the drying process on S. caninervis crusts with and without LHPs and bare sand

* FRA TCBREE L BEES KRR W3 (P<0.05), = » FREFHEE (P<0.01)
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2.1.2 MR BRI AR EELE K H BEL, B 5 MBS /K 5 15 R

SIS HARIA B  TCBAREE B2 AU a1 () H BELE K 25 73 2 B 3 (P<0. 05) 3l B 37K - (P<0.01)
(B 3) A BREE K1 HEEA K I LR T IO BRGE K, MRV I BELS K S /N, SCER I a] A [ Ak 35U i 1)
HEEL K R KRMEHMIAES H 7 H A TCBIRES LRI 53 5124 0. 1969 0. 1733 0. 1113 mm ; fe/)ME 3
7£5 H 8 H,{¢}0.0619.0.0527.0.023 mm,

S HAIE] AN [ b R ] SRS K W R 5 22 57 (P<0.01) (181 4)  Hh g BoRas F i S BEL K i
0.9422 mm, LBREE R M 0.8545 mm, (i E G E L 10. 26% , WA A 1716 Al I 25 18 Jin 5% 2 45 1z (1) e 25
KR, PIRPEESESE i 1) BB A A0 B AR VD (0. 5203 mm) (4 1. 81 f5 1 1. 64 %5, 28 W 26 i 401 24 AU RV AR
HBugEsh K aE S de/

025 - B HER 12 ¢
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Fig. 3 Daily dew amounts on S. caninervis crusts with and

B4 B REREHRED T BHNBREKE

Fig. 4 Total dew amounts for seven days on S. caninervis crusts
without LHPs at the experimental site

AR/NE FHFRRZERBE(P<0.05) , ARIKRE FHERES
W .3 (P<0.01)

with and without LHPs at the experimental site
ANFKE FRER R ZEF MR E (P<0.01)
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Fig. 5 Accumulative evaporation rate of crusts with and without LHPs and bare sand and water in different simulative rainfall level
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() BRGE A RIGAE/N, 1 mm FKEF(E 1) A BRIMICBIREE 1 BFFE LRI 10—170 min NEF B E
(P<0.05) Bi# 2% (P<0.01) ;3 mm /KR, —# ) BREZE R RIE0.5—4.5 h N2 55 2% (P<0.01) ;6
mm FEAKI, 1 R ERAE0.5—10.5 h WRHRE 25 (P<0.01) , NFEFEKET, & A HFEB 2
R i I AH 25 B B e KR /NI A A 3 o AZE R I BE R 5 1 mm 3 mm A1 6 mm /KR AR 2
R KAE A9 21.91% (50 min) 23.14% (1 h)F126.08% (0.5 h) , BB K B384 hn e RokH 22 56 F 4k
FEE2TN

F1 TRAEMEABETH ABREXEHREREZLENRESR

Table 1 Difference ratio of accumulative evaporation rates of crusts with and without LHPs in different simulated rainfall level

1 mm 7K 1 mm rainfall 3 mm [#7K 3 mm rainfall 6 mm [#7K 6 mm rainfall
i [ AH2E 250 i i) FH2ER 25 B[] AH2E 250
Time/min DR /% FE SIG Time/h DR /% FE SIG Time/h DR /% FE SIG

10 18.70 * 0.5 21.92 o 0.5 26.08 ® %
20 20.56 ® % 1.0 23.14 o 1.0 25.60 *
30 21.05 * % 1.5 20.05 o 1.5 25.38 ® %
40 21.38 ® 2.0 18.91 o 2.0 24.38 ®
50 21.91 * % 2.5 17.60 o 2.5 23.56 ® %
60 21.38 * ok 3.0 13.73 I 3.0 22.68 * ok
70 20.20 o 3.5 10.92 * 3.5 21.37 * %
80 19.57 * ok 4.5 4.30 I 4.5 17.75 * ok
90 17.72 * % 5.5 1.20 5.5 12.38 *
100 17.38 ® 6.5 1.33 6.5 9.24

110 14.77 * % 7.5 1.15 7.5 7.46

130 12.61 ® 8.5 0.99 8.5 6.41

150 9.95 * % 9.5 0.95 9.5 6.02

170 7.72 * 10.5 1.36 10.5 5.70

200 3.01

260 1.51

320 0

* R BRI R K27 B3 (P<0.05), * * FRZEFHEE (P<0.01)

ARIBEKET A TCEBRE: K IAFIMFE RRRZE LK (AER) BIREIARE], DL 50% AER R6](K5),1 mm
R K, T ARG, Bz P 24 70 min, 744 BA45 K2 AT £ 90 min;3 mm FE/KIN, R4 i N2 3 h, 1A B
R K R A2 3.5 h;6 mm (KA FIEZAH 4 b EEL RS h, 70 BIEE B (78 K o R0 /)
TFICBAREE Nz, i FLk st i) 22 B K 3 Rk,

AR FEZE & BRI N A JC BRI REGE R B A 22 R WA, UZEL 1 h IAHI(E 1) ,1 mm FFEK
I, A7 B4 e ST iy BRZE R B 2ZE RN 21.38% , BT B ARGS Je e T BAR4s e /D25 Kk 21.38%
(P<0.01),3 mm B ETH G H/DZE R 23.14% (P<0.01),6 mm I 25.60% (P<0.01) , I 7K &bk ok
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