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Abstract; Based on field survey, the biological soil crusts at their stable development stage were
collected from the water erosion region, water-wind erosion region, and wind erosion region on the
Loess Plateau, aimed to study the effects of the variations of moisture and temperature on the crusts
nitrogenase activity (NA). The NA of the crusts in the erosion regions decreased in the order of wa-
ter erosion region (127.7 pmol + m™ + h™") > water-wind erosion region (34.6 wmol + m™> - h™")
> wind erosion region (6.0 pwmol - m™ + h™") | and the optimal temperature for the crust nitrogen
fixation was 35 °C, 25 °C, and 15 °C, respectively. At the optimal temperature and 100% —40%
field water-holding capacity, the NA of the crusts from the water erosion and water-wind erosion re-
gions had no significant difference. The NA of the crusts from the wind erosion region was more sen-
sitive to the variation of moisture, showing a dramatic decline when the moisture decreased to 80%
field water-holding capacity, and totally lost when the moisture decreased to 20% field water-hold-
ing capacity. The differences in the NA of the crusts from the three erosion regions and the respon-
ses of the NA to the variations of moisture and temperature were likely associated with the climate,

environment, and the crust species composition.

Key words: biological soil crust; erosion region; acetylene reduction assay ( ARA) ; nitrogenase

activity ; environmental factor.
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VDB S | M A N B R 45 B [ AT PETE 2. 6%
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Table 1 Status of the study region

{2 X (VA= R EXRR SRR THIRETE BERIE MW
Erosion region Location Soil type Annual mean Annual mean Plant community Biocrust Vegetation

temperature precipitation coverage coverage

(C) (mm) (%) (%)
PISLIES IR ot 8.8 500 ~550  BRFFE K E BT Are- 78 39
Water erosion Ansai County  Loess soil misia gmelinii, Stipa bungeana
region and Lespedeza bicolor
K AU AL G X R E EiRN 7.8 400 ~450  BRATH R It B 67 39
Water-wind Wugqi County  Loess soil Artemisia  gmelinii, Artemisia
erosion region frigida, Stipa bungeana and
Thymus mongolicus
Rk X Hhith L RSN 7.7 250 ~300 W EABREE Aremisia 84 28
Wind erosion Yanchi Aeolian desterorum and Astragalus me-
region County sandy soil lilotoides
£ 80% 60% 40% H1 20% H [A]F5 7K 1 15 A ) 25 HE A B I I8 ST 1
F18 [ R A , A o DX A I 50 ~ 60 A H AL CCH,] Ve +V ” | b
\! = ° a ° san e - sar : :
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i, AR A SRS SR L (948 2.6 em, TR 2 cm)
H PRIERE S S /N ER SR, SRS, 28R /K 250
TR, TN AR AE KA N R, B3R 45 F 15 C
14 h( JEIEGREE 2900 1x) ,8 °C 10 h(HE). H5= 0],
TOCRESEI A 4 h WER 1 Wk, BT AR FEK 4, PRIIE
LE SRR I SN /O - RA B LR
1. 4.2 ZHOL A E B AT R CHaL )5
(acetylene reduction assay, ARA) & A= ¥4k fz + 35
[F R . 2 I A i R AR (R 25 55 5 0 )R )
AR BL T, A= 4h B v Y T A L 5L G, H, B 58
KA N, i 2@ W H ], — R AR W 245 1+ 558
JELC, H, B 77 ) ——C, H, 1 A U AR RAE A W) 45
B0 B 0 (NA) 7

TEHE 50 mL 3% B (1 n] 25 1 P IR S Sk
IR JELRCE B B A R il /NS R LB %
H,—2H 6 ANRE, H 5 AN E PHCE R R
1A THCE AT TR D Y 15 % LR Ry 25 10 IR 3 )
Bi R . U T A b RS R AR D 10% 1Y = R
(5 mL) , PR 8% v A SRR 2 SR F
Bt T N LA SR & AR BotioE
AR EFDCIRRE. B 4 h 5, 5 mL TESS
AT IR A PR G UK 2.5 mL, 7EBE)R Y 8 h
PRI AR 3543 ( GC663-30 ) T 5 A i FbR #E <
AR 205 P W AR 21315710 T SR Tk DL 20 B A
B (wmol » m™ « h™") For, I T A ITE

K [ CH, T8 SR A B (umol + m™ -
W) 5 Ve AT 0 E R S A AR (mL) 5 VR 0
EMIEFR(mL) ja AR AR o e T AR ok
KA A R K A, A BORE S R G, H A I
AR ;b S 25 IR SO U TP S0 5 L Y I T
U, P WIS BT P A G, H, 4 PR Ak
(hPa) ; R JhR tHE UM B0 T oA it B R 0 ) <%
AR (K) s WAEA TR TE] (h) 5 &5 B
AT (m®) .
1.5 Hduabr

KA Microsoft Excel 2003 %44t B4 1 47 4k 3
L& R T SPSS 18. 0 Ge i3 B 43 44 % B 4iE 6 4 7
Gt o, R FH B R 7 22 73BT (one-way ANOVA )
BR8N S 25 25 53 25 (LSD ) 3B A Rl 4= ik 2R 7Y
DX [7) 7K 3 AN [l B K [ — et BE AN [] /K 23 b B A=
Yas B R TEPE R 25 57 (=0.05).

2 HRE5HM

2.1 AFEfZMZE
M)

HI P&l 1 AT UL 76 25 7 f2 65 1 7K 43 (100% H [A]4F
KR, 3 AR R X A 2% B R EAE S ~
45 CHu B P, 49 i T 1 1 0 2 S 3 K5 N )
AN [RR I A XA W 45 Bz ] 000 M 3 de R AE
i A 7 RID  3 I E) AN [R], At X K R 52
ot DX XUy DX A 45 B 1 2R 1) o 1 B2 430 R 35
25 115 °C. /K flt X AR 4 235 iz 11006 o e KAl

DX A 45 B 1 0 P X i 1Y



1852 A

M

TR

24 4

95.79 pmol - m™ - h™ YR T E F] 45 CHF, A
o 7 [ R B PR R 14. 94 pumol - m™ - b7 5
5 ~ 15 CHA= P4 e 1 200 Pk 25 58 1B 25 /K ik X
T IXAE W 25 e AN R R R [ 60. 48
pmol + m™ « h™' IR 25 °C LUS A= ¥ 4s 5 [
RGP DB R IR B IR F 45 °C iAW 4h iz 1 AU
PEREEE] 5. 31 pmol - m™ - h™', EL TS5 ~40 C
Z )=t R [ U M. KU XA 4 438 R [ 0TS T
MIZE 5 ~ 15 C W & 2 Fh &, 76 15 °C B ik 3 5 5
(6.02 pmol - m~=2 - h’! ) ,Z)ﬁﬁﬁ{ﬂ%‘lgﬂ%, %A
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H18 2 WAL, 25T 8 A 7K 43 i, 7 f i iR 32
FRAET AR R A ok XU B2 s DX ARGl DX A 45 R
[l 800G 1 1 A8 AR DX ] 43 00 R 14.3 ~397.7 1.1 ~
139.0 f11.0 ~17.0 pmol - m™ « h™' ;A5 5 ZH43 5]
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Fig.1 Response of nitrogenase activity of biological soil crusts from three erosion regions to temperature.

AKX Water erosion region; B : 7K XUMASES X Water-wind erosion region; C: XUMIX Wind erosion region. T [fi] The same below.
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Fig.2 Response of nitrogenase activity of biological soil crusts from three erosion regions to water.



7 44 G|

UG ¥ R SRS [ R ok S T XA W 45 B 3] L3 At BT 7K A R 1 g i 1853

R2 FRERMEBRRXEYLEREREEFEE

Table 2 Nitrogenase activity characteristic values of biological soil crusts from three erosion regions

[EE SIS [ %% P Nitrogenase activity (pmol + m™ « h')

Erosion region R/ME RKRE FHE Tl WA 2 5 R A
Minimum Maximum Mean Median Mode CV (%)

pINLIDS 14.3 397.7 127.7 117.7 117.0 58.6

Water erosion region

AR X AZ 4 X 1.1 139.0 34.6 2.8 42.7 96.2

Water-wind erosion region

AUk X 1.0 17.0 6.0 5.5 5.5 65.9

Wind erosion region

K3 TRBMHMEABXEMER LB R TEREKAN

Table 3 Biocrust types and dominant species composition of cyanobacteria in different erosion regions

R RIX H W AT PEFAFh AR H A

Erosion region Biocrust type Dominant species Subdominant species
JKARIX W JS-EE SR A 45 2 Cyanbateria- S 45JiE W Phormidium calciola INEEE Phomidium tenue

Water erosion region brophyte

TR b U b A2 4 X oA -BE 25 IR A 45 7 Lichen-bro-  FATIGHE 223 Lyngbya allorgei e 40 % ¥ Phormidium angustissi-
Water-wind erosion region phyte mum

N #2517 Brophyte UKL B Oscillatoria granulata LSO #E Microcolus vaginatus

Wind erosion region

TR B Microcolus paludosus

m™? bt AR U 5 B XA W A R TR AU M e
EIARAEAHZE R,
2.4 A[FEHZIMZEA XA 45 K Py A B

H1 6 3 AT UL 3 AN il S Y X ARy 285 iz 280 I
F [ E YR AN R]. K X DL - 2R TR
AL B R LNy 5 55 5 3 ( Phormidium
calciola) , WA B Ky /N 35 ( Phomidium tenue) 5 7K
ot XUt 52 i DX A 0 48 e ) DA i A - SIS TR AR 45 e Ty
32, HoE A 3 Ry B] [ 22 3% (Lyngbya allorgei)
VAR FA A Sk B 41 5 388 ( Phormidium angustissimum ) ;
WUl DX A W 6 R R R SR A B, R AR
T Sy UKL B 8 ( Oscillatoria granulata) , WAL Fh

2 8B E 2 8

LT 1k
Nitrogenase activity (wmol * m™ « h™)
0
3

o 8 &8 3

A B C

3 REMR RIS A X A M2k e [ U

Fig.3 Nitrogenase activity of biological soil crusts from three
erosion regions.

ANRVNEGFREFRRANRHR IR X [ 22 57 i 3 (P<0.05) Different small

letters meant significant difference among erosion regions at 0.05 level.

Sy ELES TIOR8 ( Microcolus vaginatus ) 171 Hb U 58

( Microcolus paludosus) .
3o i

(e AR R A W 4 e B A S T ee =z — 1
PN L E A TR Z W5, A Belnap' ™ 7ERF 2 {2 24
UM RBITTE R, A2 0 45 B 18 8030 PR AE 0. 04 ~ 900
wmol + m™ « h" 5 X AR AR - UK ik X
ISR EE SRR, —4F A A= W 48 B 181 /0T Pk S Al ak
9 wmol + m™ « h™" 3 AFAE A 4 B [ /0T M e R A
68 wmol + m™ « h™' ;I ZEAM 5O FE 1y R PR3 oy 7 10>
BT FT ) L P45 B (PR 25 e M AR 4 B | B2
B2 ) RIS PELE 2.03 ~9.8 wmol » m™ - h™'. AW
3 AR A D (AR AR IX K ot XU A2 A DX XU X))
A= WS B A dmcai il B AR I 25T T 600 M Y A2
RISy 5 R 14.3 ~397.7 1.1 ~139.0 F1 1.0 ~
17.0 wmol + m™ « h™' | S5AT AW L5 R —2K.

H: W45 Bz T 2 B 22 S 2 i T[] X2 )
25 e A2 S FE R R RBR ST R A 2
7R KPR X A Wy 2 Bz 8 D) 2k e [ it
F0&E ( Didymondon tectorum ) F1 A= #1411 &% ( Didy-
mondon vinealis ) M58 &3k ¥ ( Nostoc commune) 1%
A2 B o A FL T P 2 v K el Rk S X
DIHBAC Ry 3 A SEAS - b AR A 445 K, iy XU DD DA
SR ELEE ( Bryum argenteum) 5 E R #ESSLE 2 T
B By A FLAT [ A 5 G 2 A 1) 9 2 [
A DR T e A T Kk DR K kR
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E R 3 MR X S SR A
Fa 5, HrpoR Uk o2 8 DX o R B, A 39
Fofr, o o R R Y 72, 2% s K X IR Z
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T At DX A 0 0 B o R A S R 5 v T K ol
DRI R X PRI, 24 0 235 Bz 1 P o A s A AR R
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W A% 22 IR AR I L X R v ] A s A
IR VD TEORIEE - e D DX A 9 485 Ry I 4% s i P 7
15 ~40 C72 AR 45 R0, K ik X K kXL
L A o DX XUt DX 40 28 o T S ) e YR8 )y
35.25 115 C, Saf AWFoR &5 R A — 80 AR
TSR XA 245 R [ 8035 R %o 7K A DR 1) i iz AN
], ] BB FH AN [R) 4R 1ol IS A X A= W 245 1z v 1 4
AR DL AFIAS ], AS ] 08 AR S5 X 7K 4 R )
SRORTR]. 2 R e i i A B A G | A=
B A BEHEAT IR [ ik A5 S A A B o, Ry L1 A
FHELBERE LA 2%, T LA T 80 358 24 I 2 b A 7 [
YRR 242 T 7K 43 T 7K 43 08 S IR A R 7K | ok 5 il
K TR B A TR R K R ) 22 /0 A i R R
A A A R i R P BRK R 22 Y M X AR
Wk K A PR PR [T SRR i i v B 3 v s R K
AL R RARE 2 & 5 B3 K B
AR N A= 45 R T UV T e R T R0 e i i
AR PR, AR A K ik XS AL A KU X
AR B AR B R K R sk | A 2 R R
F14) B Y B 2R W AR I, 3 A0 2 A ) 45 1 A [T R
SRARAEFL XS 7K 43 1 T oK B A 5% A8 A6 4T 8 1 A 3R
. 3 AR IS A X A 45 e T 00 P X 7K 43 8 el
AR, AT RESE: FR T K sk X B K ol XUk 52 41X+ 8
FEREA L, 5 R X R A L, SR KM RE
SR T3 PR 1 X A B 7K B2 7E 400 ~ 550 mm, B8 78
B Y K EAR ZE 209 FH a)F5E K B E &6 A
FEUR B REAR. WU X AT 0K B8 ) 22 i Hiz X

WK D A 45 B 5 K i BRI 2 80% HH ] 77K
e [ U P A A B AR, > K IR E
20% AR I, 58 R A7 K 3 B 22 A RE G
R B A PR B B B AR SR T AU P45 .
I, 3 AN [ A ek S A8 DX A 0 235 1 o] R0 P % 7K 43
AR RE P i 137 2 5 P g 2R i TR i 2R A IX AR
Wk B Xt LA A PR B 3 B P 4 5

5 7V 0 2 A AN T ] R 3 S5 A 46 1 T
RGP A 22 R0 LA 22— FERB A YD L T3 4
ST WSR3 BN AS [ S R 2R A 4 1 AU T
HJTE2.6x10° ~ 16.6x10° wmol - m™ « h™"; 1fif K MG
SEAIAAR 3 R W g R AR EAE 2.5 ~
62 wmol + m™ « h™'™0 iy 7 i g B rp A B 57
AR (HE RS SR A T, S5 & R EE A ) (g
AN (FTE 9 4 b, J5#08 24 h) IR AR/
[A] (A& A 60 mL, J5# N EHAZ 12 ecm & 15 em I3
AR P EOE A RN 220 T AR 5 A
A I FERIF ST K ol X2 40 285 B ) 280006 Pk I TR
A7 B B RS R —E R 22 5 X T RE S
i A B R S 2 BRI K.

PRI, AN TR] DX 358 P 26 45 B2 R A A AN (] G
A IR RO BRI 3 1oy M A (] s vk S kA
ANTR) 55 AR 22 PR R AR AT RE A O[] DX PN 2R ) 235 e
(B ZRUT PR AR 2 S 1 S AL H T SRR R ATl
AL W48 e 1 8005 P 1 b P 2 S AR K 4% DX Jl ]
AT ST A A —E BAT Al A i k.

4 &

3 AR A2 Y DA W 4 B T S PR B R - 0K
X (127.7 pmol « m™ « h™") > 7K fh XU ik 52 4 X
(34.6 pmol - m™ « h™) >KXUHIX (6.0 wmol + m™ -
h™') 53 ARk 2 AL XA W 45 e 1R e 3 L E 43
WZh 3525 F 15 °C 5 78 fridi i BE I, 7K ol X K K ekt
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