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Abstract

Aims In arid and semi-arid environments such as deserts, nitrogen is often the most limiting nutrient for bio-
logical activity. Biological soil crusts (BSCs) are an important component of vegetation in the Shapotou region in
the Tengger Desert, northern China. However, their importance as contributors to soil fertility such as nitrogen
fixation is relatively unknown. This study was conducted to quantify the potential nitrogenase activity (NA) of
different types of BSCs in artificial vegetation areas, as well as their responses to variation in moisture and tem-
perature.

Methods Algae crust, lichen crust and moss crust were collected from an artificial vegetation area in the Shapo-
tou region, and were incubated under three gradients of moisture (3, 5 and 10 mm simulated rainfall) and tem-
perature in open-top growth chambers from June to October. The NA was measured using acetylene reduction
assay. One-way ANOVA and general linear models (GLM) procedure were applied to compare NA between
treatments and interactions between type of BSCs, water and temperature.

Important findings NA for each type of BSC was highly variable, ranging from 2.5 x 10° to 6.2 x 10" nmol
C,Hym >h™'. The NA of algae crust was higher than that of lichen crust and moss crust (2.8 vs. 2.4 and 1.4 x 10*
nmol C,H;m >h™", respectively). The three types of BSCs under the 3 mm simulated rainfall reached the maxi-
mum rate of nitrogen fixation, but > 3 mm did not affect NA. Significant negative correlation was observed be-
tween NA of all three types of BSCs and temperature. The optimal temperature for NA in algae crust, moss crust
and lichen crust were 25-30 °C, 25-30 °C and 20-30 °C, respectively.
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W) - 35E 45 ) (biological soil crusts, BSCs) : H
FRAC Wi B S Hofe . B aERl I m e
W, VARG B Fo A A= A i B 22 A4 L B AN 43
W AR ORI 45 T I T oy I
B, TR B AR SOU I A G Ay
(Belnap, 2002; Belnap & Lange, 2003; 287 %%,
2009a). K ZEGEH AR RYZAREY R 1 1
FEME, Fl Ko B =, HZ AT e S KT
Ly AFDRT$8)— RIS 2 70 A (1) 45 RN DA v (1) 75 25
L4008 i 0 TR JRCAR (1) 90 A A A2 40 - 43 465 1 1R B
RE Pt T 2% [RURE B ) AL, A R
SR HRRAE T 54X 3R TR IR 40% (245387 R 4%,
2009a). ZE KA HE R ERK 7 Z AN 15 X
RS AR G T 5% B 5 AT (Whitford,
2002). RUERERAERRG TS BRI LA
i, ABLERE Iy, it FRp) R i A5 R XA AT
He= nI M A (Billings et al., 2004), “E4)0] F) H
RPN B AES RGN T B 458
G5 R () S Be R S AT T D BE, W 40 B (R A
F 7T 4 M 28 1 6 2 8 8 (Anabaena) < )8 # &
(Calothrix) 24753 J& (Schizothrix) RIA L 3 )& (Scyt-
onema)=k; FAESF AN IS (1) 85 22 58 )& (Lyngbya) «
Bl )8 (Oscillatoria) U #: )& (Microcoleus)F i 5
J& (Phoridium))~ HA(CH IL IR [ AR 3 A
J& (Collema) J& A< )& (Peltula) F i 55 A< J& (Heppia))
S, BT RE R R A N, [ E (fixed) L8 TR
(reduced) A ] 4 A4 T R 1) B A5 U(NHL ) (Bel-
nap & Lange, 2003). A=4) + 38 45 Bz 1) U] o 2 e o
EERGE HIRAFEE SN — DN EZEYRIE, ¢
A D] R A R e S R AR S R L R T R
) R0 5 75 1 [ 0 1 L T (Belnap & Lange, 2003;
Billings et al., 2004).

A R 3 45 B [ 505 PR B UL T 5 &
Mo yb IR S i AR S RGP ) B (Zaady et al.,
1998; Belnap, 2002; Hartley & Schlesinger, 2002;
Aranibar et al., 2003), {HH &5 XK P2EA R
i A W) EEAS R R A il SR T T
SRR MRATT LA AR 2 5, RS RAHL
B A(1.0 x 10-6.8 x 10° nmol C,Hym >h™)

acetylene reduction assays (ARA), biological soil crusts, environmental factors, nitrogen fixation,

(Wu et al., 2009), {RMELCERIVEN 2Bk AES RS
AW AR B R TR . AL, A7 IR g
1] SR (R BIF 9 5 R R A A S 36 = 4 ) 4k 1
BN T B R . K2 R B AL FE ) 75 1Y
(17, AR S BT AP ECSIENG Do 1R DG T AR 135
&5 R o Rk (R RIF 9 ) 2 A o A e M IR T T
(FEHTORAE, 2001; 5KICH, 2005), fHilr LA /b5
A AR R 5 ) [ 0 P (s KU
X HEZ, 2008; Wu et al., 2009; Zhao et al., 2010).

Jits s B YDV R P R D B S b X T S R R R
a7 e A B ) B A SRR R X, R 201
S0 N LI AR R, 42
AL IS, DA 2 2 A A AN [F R B B B
A LIRSS e EATIHERE S IX NI TIZ R BN
IKSCERE . YRl R Rl 2R AN 9 5
a3 5 IR B A A ROAR Bl A 7 AR T R R e (2
BIoRAE, 2009b; Li et al., 2010). 4+ 1545 p bt
N T YDA R RS R TG il 0T, Je 28 N 1%
HERRRMHRE . A, BEEESRANE,
BT RGN R TTIRAT 2 K7 PR K10
(1 ] SCRE ) A TE R, A AART s 1 2 AT TR X L
) AT 4 B E LR R S RIS
HOTH, MR BB A LS B A 5 [ A e
AT BT, DRk, JRATTLAMEAS BLYD IR 2R p 2
Sk b DN AR B [ V0 XK B R =284
gt B GBS HACHNEE S N LAl W F R %, BF
A RAR IR 5 B R, AP A B K=
(open-top growth chambers, OTC)IF57 T =244+
Bl 7 3 B H WI(6-10 7)1 [l S0 1 i A8 4k, 22
LT Bl R 7K 3 A e R i SRR, 73 AT O IR T
LU A e 5 X AR ) - R 5 B X TR AR S R AR
DR BN RGO 4R 7S B S AT ] o IE A P
W e L 2 B SR AR S R G I R vk I
TEBE, 0 e AR A R G I ] R R R RRL 2
R HS A .
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TIF 9 XA - R 22 Bt 70 35 Sk vD B E 58 56
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i N TR VP X (37932 N, 105°02" E), R4
1 330 m, 7P K243 C, 1PN
—6.9 C; EVHMEKRE186.5 mm, FEKFEEFTE
5-9 H (WIS B 5195620024 (11T % Wk, 4F
#E 0% N2 300-2 500 mm, ~FHXE2.6 ms . g
A BTy, LEREEKEN
2%3%. N TAEPED I =B AP REAR . AR T kr
%% (Caragana korshinskii) < 1t ¥g (Hedysarum sco-
parium) FH & (Artemisia ordosica), TANY) F 2
A /N JE 5L (Eragrostis poaeoides) %5 VK% (Bassia
dasyphylla)%s .
1.2 #mXE5HE

20104E5 J1, FEVPIER N TRIRE [ v Xk Fe A=
W)L R R E RAFI IR AR o Ay St 35
HEAR S FEARE PRI W [R5, SRAT: I 3% 46 45 Fel
ARG B )4 R B 13 R IB FNZE (R HE,  PE B RE M
3 mAMAIX IR AL R o AR UFAE IR e 2,
KAEHT L %, FHPVCAE (H 210 cm, /=10
em) K AR JFUR 45 B2 3R o K BT AR AR 1K SRR
7 (10 3 Sy BRI BT S0 oW 7, TRCEAEA
Il A (1 FF T 20 2E K5 (0TC) (KOTC: 14K 1.3 m,
w12 mif) A )\ gk, /NOTC: 1K1 my 1.5 mi)
GV IAAR) N S AR = AN F RS TR ORI, 3
GE RIS GE He « MO AR 4 e A2 45 1e), 3/t
JEALPECROTC. /NOTCHNT ), 34N /K70 A (LY
3. SAI10 mmfEK), Ba4PNEE . HTHERRAE IR
DAL~ 0 S 56 45 SR s e, B S AT B RS IR 1S RS A6
ME
1.3 A HIRE R E R IE RN E
131 EAKFRE

K H & Bk i 7k (acetylene reduction  assay,
ARA) I 5 A4 - 338 45 B it [ 2005 1 (Hardy et al.,
1973; Belnap, 1996; Belnap & Lange, 2003). 1% /7%
PBEA SRR LG S ik R s L R, AR
38 45 Bz 1) [ 0B Ji £ B (Co ) i 538 K
FIN, 52— B [ L, — M A4 3 45 1 08 )5 CoH,
()77 W)—— LI (CoHa) IR AE 1 38 SR R A AR ) 38
45 Bz 1 [ S HE(NA) .
1.3.2 Iz

PR, IR ATEEAU3 . SFI10 mm%E &K
2K (23.6+ 39.58178.5 mL)¥ A HumEELE 45
JEFEa AR, 2 547 I WL R (EAR12 om,
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FEPVEN SRR, AR SPARRUE 43 E(V/IV)
H10%. 1 HARIRE FEFR24 h, FIRHERK, /b
OTCW AN T« 2 )5 P S as AR 5 7%
LR R6 mL, A Rl 5 B % H Agilent 6820
M £ 1 L (GC6820, Agilent Technologies, Palo
Alto, USA)JE LA [ RIE LSS R UL L)
A 3 % (nmol CoHym >h )RR . AN 7E6-10
H e, & )0E2R.
14 FitoHh

K HSPSS 11.5 for Windows (SPSS, Chicago,
IL, USA)JEATEHE ge vk 70 fr, FHEDR 307 22 0
(one-way ANOVA) R 1) B /) 1 2% 72 £ (least
significant difference, LSD) 7 M1 ANF) 45 J2 JE Y L ANIA]
o S5 AR 3 b B A= 4 - 358 4 B (] 0 R 1 22 S
WE M AT 2k P T (general linear models,
GLM)#E L i Univariate 73 AT 45 J2 884 L WS oK
I3 ) - S A R ] T I ()AL LR

2 R

2.1 FRIZEE AW +I18LE R ERE T
AL A H] (6-10 B3 SFI10 mmPsF Ry
R SR R R I SRR P25 x 10762
x 10* nmol C,Hym >h 254k, AFREK, BRAR
Hoh62.08% (B1). HrPBRa iz M 45 i F &
L R I I T AR AKX ) 43 0 h 5.0 X 10°-6.2 %
10* nmol C;Hym>h™'\ 6.9 x 10°-5.0 x 10* nmol
CoHym 2h ' H12.5 x 10°-3.2 x 10* nmol C,Hym >h ™',
A S REY W N 52.71%. 56.38%H153.15%. —J54E
W b 3 4 P [ GRS I R IR WA A e (P X 2.8
10* nmol CoHy,m >h™"y > A4 K2 (2.4 x 10* nmol
CoHym 2 h™") > #2545 (1.4 x 10* nmol C,Hym ™
h'), 25 5P <0.001),
2.2 KRS L IRE R EREMERSNE
A TR K T B AR R3S
10 mmPF7K B2 0 26 AN 2, (H B A 45 )
(1 ] R PEAE 3N K 20 A 3R 24 i 255 v T B 4
(B12). BEHH3 mmPFoKE T =240 1 498 45 K (1) [
FE TR AT IR 25 K ME, 83 mm¥ B K SRR,
ENEESUE S RTE S IR
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Fig. 1 Characteristics of nitrogenase activity of different bio-
logical soil crusts (mean + SD). Different small letters indicate
significant difference in nitrogenase activity between three
types of biological soil crusts (p < 0.01).
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J\??l%%TT () A 18 A= ) - B 5 1 [ U0 AR AT ) 2K 23
REBR ZE 55 3 (p < 0.01).
Fig. 2 Effect of water treatment on nitrogenase activity of
different biological soil crusts (mean + SD). Different capital
letters indicate significant difference in nitrogenase activity of
the same biological soil crusts among different water treat-
ments; different small letters denote significant difference in
nitrogenase activity among different biological soil crusts in the
same water treatment (p < 0.01).
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Fig. 3 Relationships between nitrogenase activity of different
biological soil crusts and temperature.
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Ba B AL Lichen crust
O &F2845 1 Moss crust
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BTN AN RIS A ) - R 5 B I G A ) — UL i L 22 5
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Fig. 4 Variations at nitrogenase activity of three biological
soil crusts in different temperature ranges (mean + SD). Dif-
ferent capital letters indicate significant difference in nitro-
genase activity of same biological soil crusts among different
temperature ranges (p < 0.01); different small letters denote
significant difference in nitrogenase activity among different
biological soil crusts in the same temperature range (p < 0.01).

TEERGE R 2GS T MAE25-30 ‘CHI35-40 C
(PR DX ), = 2 Ay e R 11 o] 0 1k 22 5 (e
F(p < 0.001), LRI 0 B, HiAC 45
IR, B4 AR (E4).

24 HREEE . KSRBRENEYLIRERERE
PR3 B S0

N W2 BRI L K FADR 06 A ) - 4 1 [

Rl BRI EIE
Table 1 Tests of between-subjects effects

FUGYERAZ Hosg e, AT RN T 20T S5 REK
W, AMNEE R KAy W BERT AR g 45 K 1
] TG P LA W e, 3 TR HL R R A k2
(#1,p<0.01).

3 W

31 AREEBEYTIEERHEIRENE

PR HOACRI BRI 25 B A0 W 4 TR VDI AR a0
Pk N TR X T2 KE, S %ESRGHE
SO E ARG . AE6-10 HilEe B, —284
Wy 445 By [ RGR MEAE2.5 x 10°-6.2 x 10* nmol
CoHym >h ' 2 A2 A, BEA 48 7 [ S 1 B v
AR 25 B FIBES 2 By, 7% FE R 45 e AR iz b X (1)
AL et al., 2003), EEISEE Y AR IZAS
ARARZN L E TR - WuE(2009)7E4E R R 1
9T T 3 B SR PR R VD IREAN [R] R A AR ) 1 g
2 g [ RGE MR M ZE AR, AR IR L8 x 107
2.8 x 10* nmol CoHym >h!, LRI A B 45 >
G R > ER LS B, 610 F [ 503 1 s 31 s o,
L[] 0 R IR T AT TS5 S, X nl ge & A
A RPEE RV BE TR VB, AN RS
TH(6-10 F F3590E 019.7 CYIMH T 2R -1 45 1
I % . Ok H BE VD (WiSonoran Desert, Negev
Desert, Kalahari Desert)[FIifF 5T B, IX L6 $ [#) 4=
W) 3RS B BAT R K RGR E, A T6.4 < 10%-
6.8 x 10° nmol C,Hym *h™' 2 [, APl /N Eskew

s> Sl T J5 A df oy F p
Source of variation Type I1I sum of squares Mean square

EIEREM Corrected model 8.46 x 10" 134 6.31 x 10* 53.00 0.000
#ME Intercept 231 x 10" 1 231 x 10" 19 365.37 0.000
45 KA Crust type 1.71 x 10" 2 8.57 x 10° 719.66 0.000
JKIrRbHE Water treatment 1.14 x 10 5.72 % 107 4.81 0.009
% Temperature 5.77 x 10" 14 4.12 x10° 346.26 0.000
G KM IK A3 A EE Crust type x Water treatment 3.88 x 10° 4 9.71 x 107 8.15 0.000
SER KR EE Crust type x Temperature 6.86 x 10° 28 2.45x10° 20.58 0.000
IR b B> S Water treatment x Temperature 1.04 x 10° 28 372 x 107 3.13 0.000
45 i A < IRy b B 1.70 x 10° 56 3.03 x 107 2.55 0.000
Crust type x Water treatment x Temperature

% Error 4.29 x 10° 360 1.19 x 10’

KA Total 3.20 x 10° 495

FZIE BT Corrected total 8.89 x 10" 494

R*=0.952 (R agjustca= 0.934).
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& Ting, 1978; Skarpe & Henriksson, 1987; Zaady et
al., 1998). 2K H &P (WiColorado Desert, Great
Basin Desert) 5T 45 R 2o, %X A9 115 45
R/ 4.0 x 10-9.0 x 10° nmol C,Hym ™
h' 2z f), [ EOE PERK, HLAZIE K (Belnap, 1995,
1996)0 LA_L8JF78 45 5 55 AN [F) AR = e DX i) e 4 A1
AUV 345 B AT O, Wz v B Y 2
EAEREZ, BA AR EMEA RS, M
N, BRTEM, DR o DA R G B ] U 1 s,
ARG o TR VPTERR K 22 R AAE AR, [ % 40 A
AMER, RHAERIEM, RS HAR, 555 T,
A iE K (Belnap & Lange, 2003).

A=)t S A R M 2 BT 2 e 3 AN [R] 2R
U b gl e W R PR 22 e ) R BN 3 . IR
(2000) 0 V0 4 Sk 1 X B G5 e rhBE SR R A )
WIE R, %M BRI 2200, W L]
ERUEEDT. REEETTRBREE]. Hoh, WANE105,
2 DR ) BT AT R N 45.5%; 22 IR A T
o A R B 70% 0 I A T 2R R R
Sk REREA TGS I AR A, A IREREREAT
S A FH L Ak, RN SCRE [ e K0P R U
Redi BRI ALY . KEFFFIRY, A2
VR e T B DS 4 B TP B R AT S0 B R (WA A 5%,
2000; Li ez al., 2003). SEBROFFE WAL, Wk A
AR VP I R R R AP, oA iz, BA
e e P [ 200 1P o 0L [ 2 A A AR S (Collema),
ZEAERIRT BT R BT A, BARENPeR
oA, wSEAR, HRE AT WIWudE(2009) 75
IR ST R v 35 v 45 M A 45 e AE 610 ) 1) [ 2
WA 49.06 x 10° nmol C,Hym >h™'; Belnap (2002)
T 58 R Ay P41 57 75 A 35 v O 45 102 A Jes [ 2005 A
1.5 x 10° nmol C,Hym >h'o AW R T —H 2
) o BEIE, BOA G AN L 068 )y, He ] 200 2
HH 73 A1 18 &5 S A A B ) TR (1 20 e 1] 60988 28 58 1k,
T 5 A 20 00 36 1) A 358 W] g — 2 Ry X e 3
KHIR B PAEE W RIS, WK > B3R, X
Tl KPS T T . FRATTIAIE ST 45 A UESE T IX— 14,
WK TR, 82845 K i 505 P Wl B A0 T3 8 4
Fid A S K, HARME I o
3.2 KOFTEY IR K E RIE MR

3 A 3 A B ANAE S 5 A RE kAT
HRAC I (Nash, 1996), HOb A3 AR W5 45 A4

PRI K S YA 5% (Lange et al., 1998), i il &4
FH Bt i 1 ATP AU AN f& H O A H & B (Honegger,
1998), It LAZK 73 4 A4 W\ A 2 5% Wi A=)+ 33 45 1
S0 PE ) B B EE ) A B K 7 (Belnap & Lange,
2003). KEMFFTRUESE T A4 5845 B K 22 4k
1) S N AR FCRBURR, 7K F3 e P e A B A (1) DG B A
To TSEEE T, RERARM FUIRSE B AE i B 15 KA,
TETC AR ARG T A I 1) ] 52075 1, Ak —
SR K O3 B Z BRI T AR ) g 2 e i A 3
FIEEAERH o fE6-10 1 REHIR), = 2K44) 1 B4
B2 16 [ S PEYIAEAR 3. SHT10 mmPF/K & 2 /] 22
SN, ARSI AR 2 B (1) [ 00 1 AR 3N 7K
Oy BREE TN 8 TR A R (1812), YRR
RGN RN B e A AR PEAE3 mmPFRK R
R ATk 2 b5 B, I3 mm [ B O] 2 ] 403
IR MIAN K o (H 25 58 21 B 7K 5 &5 B2 33 1 Fr 2 i ),
TELEG VRO AE W) 1 8 45 He b T IR FE I Dk, ik
I 2% LG ] G0 1 PR R SIS ) o DR A AR g8 45 B AN
BAH A 3 Z 0K 5 1 Re ) (58 R 4%,
2009a, 2009b), £ X R G L F
IR R A BT, T A4 38 45 e ) T 0 1 A
ALK G2 )2 T 5 I A Re R I K

I3 0 AWy - 5 45 B [ B Dh BE IR 52 ) 1 S ]
VAR B3 K oy FLAE BENE A, O [ U e it i
(R RE o e IS 4 R Bl ik A R R
e 2% TR AAr, —BfRDRNBEKRE, &
TR A RGOS T R 206 A WP [ 0B IR AR
WGBS AHFITUESE, HiA 45 e BRI 7K = ]
MHEDCEIEN, A iy, A 45 j At
A R R B 4 i P A 0 M DR SZ A T G v, IR
SRS A A FH [0 118 o A e R v T R TR 38 4k A
(Honegger, 1998), 1M &2 /K J5 IFFIRAE 1t — 2 FE
GG T )(Belnap & Lange, 2003), & S8kt
IV [ A F A 0 R S A e, A [ 2 P PRI o
AR TR B, VAN 0T 2 0 A A e D ] e
$ =i (Hartley & Schlesinger, 2002), 15 B4 7= )il
R 7K PR PG OG220 1 B A O o e Ah,
7K T 5 | ] G W6 41 B R A A P [ U KT 1
BeA%; BKJE, JeB YR REE— M Je bl Tk
KA PG BORH e 2 10 £, LA T [ AU
R R HE H (Nash, 1996). Pk, T FARFEE I ]
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