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Effect of wetting duration on nitrogen fixation of biological soil crusts in

Shapotou, Northern China
ZHANG Peng” , LI Xinrong, HU Yigang, HUANG Lei, FENG Li, ZHAO Yang

Shapotou Desert Experimental Research Station, Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences

Lanzhou 730000, China

Abstract: In addition to moisture, availability of soil nitrogen is generally the key limiting factor in arid and semiarid
ecosystems. Thus, research on the potential nitrogen-fixing activity (NA) of algae and moss crusts for different wetting
durations and temperatures in temperate desert was conducted. The present study is especially important for the
understanding and accurate evaluation of nitrogen contribution ability of biological soil crust (BSC) to region ecosystems in
the context of global change. Algae and moss crusts were collected at artificial revegetation desert area and at the nearly
natural vegetation area in the Shapotou area of Tengger Desert. Samples were incubated in OTC. The NA of two BSC types
was continuously measured using the method of acetylene reduction assay ( ARA) after a large precipitation event.
Subsequently the influence of wetting duration and temperature on NA of BSC was analyzed. The results demonstrated that
the NA of two crusts reached the maximum level 4 days after precipitation at drought condition (i.e. , without precipitation
for 31 days). The NA achieved the lowest value on the 10th day with the decrease of moisture content. Significant quadratic
function relationship was observed between NA and water content. The NA of algae crust was significantly higher than that
of moss crust; the average values were 5.3 x 10" and 0. 9 x 10* nmol C,H,» m™+h™" for algae crust and most crust,
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simulated warming did not increase the nitrogen-fixation activity of BSC significantly, which influenced the NA of BSC by
accelerating water loss of the crusts. These results showed that moisture was the key factor controlling the NA of BSC. The
environmental conditions prior to the experiment determined the maximum time required to reach nitrogen fixation rate after
rainfall. In the future, the combination of the long-term field observations and strict laboratory work will be necessary to

achieve accurate evaluation of the nitrogen contribution of BSC to the region ecosystems.

Key Words: biological soil crusts ( BSC) ; acetylene reduction assays ( ARA); wetting duration; nitrogenase activity

(NA) ; nitrogen fixation
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BAERRGZARE Y A R R K o B B = AN AT R SRR R T AR AR 4] — 3% 224341 (1)
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ZXHA B E AR e AT BRI, A SR DA R BV TRAR R VD Sk it XN T P B DXORIAR 4
RIRAEWEIX L T RGP 8 L A0 A )+ 25 Je (MBI R 3Rl ) P xs 4, BFAI R AR ISR G5 B 195
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37°26" N, 105°02'—104°30" E) ,iZ X 4% 1300—1350 m, F-H7E 10 °C ;1 HFEHSIE-6.9 «C,7 H24.3 C;
FERFEKEE 186 mm ,80% KK HEHTE 5—9 J AW TEZE K 129 2900 mm ,F-EIXH 2.6 m/s  FFENFEAT R
By 59 d' L RN KA TR N TR R X T VR K AT 4% (Caragana
korshinskii) AEN%E ( Hedysarum scoparium ) F1iH & ( Artemisia ordosica ) , 5 A #H ¥ £ B4 /N ] JB 5 ( Eragrostis
poaeoides) 55 VKZE ( Bassia dasyphylla) %5, K IRAE 9% X HE K 2 HE KA #7545 ( Caragana korshinskii ) | 115
( Reaumuria soongorica) [ % ( Nitraria tangutorum) .22 ¥k3& T3¢ ( Salsola passerina) i ( Artemisia ordosica)
G MBEARMEY A B RE (A capillaris) & (A, frigida) . JoT5 BT 5 ( Cleistogenes songorica) 5} # .
( Carex duriuscula) aelis]
1.2 MEacRESAE

2010 4F 10 H AR -IAELIARTE VDB N T EVDAE B X (1964 AFFEAH ) FAHABLL TR SRAE 4 IX e 4526 )
T HEEE KR R A DX IR A MY AR ) 1 MRS B R (BESEAG BRI BEZREE B ) | Dy sk G b 35 RN R B B AR A
PIXTE it B 5] | SR IS S 4345 Feh S R 238 Bz 1 O 8 1A 300 JRB R 28 TR s, SR RS E PN 2 m A1) DXl R B2 45
Rt . R PRAIERE Y B SERETE  SRAE T SRR 3%, 2 J5 T PVC A (AR 10 em, 55 10 om) SRARJFUIRSS B2 LA
it o PR AR B JERAEAT [ Y034 Sk YD g AT 5l A WL S 4 TR B SRR
1.3 AW e B [ A0 PR
1.3.1 A5

K H R R (Acetylene reduction assay, ARA) ISE A4 + 345 B (0 [ &G R 1970 35 EE R AR
JR PR AR L S IR R RGO T, AR W) 1 A Bz % [ A A R C, H, Y B IR RSP B N, B —E R T
), — M FH AR B 2E KA ) CLH, 7 ) ——C, H, 19 AR B 6k R AE A ) 1338485 iz i [T U6 4 (NA)
1.3.2 St fe

2011 4£ 5 H 7—9 HAFER, FERTE 17 mm, 10 H RS 1L 8 IPRF 2 O0E S50 373 ) £E 0 45 B i
PR (TD3100 ) #EATFR H i A7 B R AR A9 IF AR K% (0TC) (R OTC: 1K 1.3 m # 2 m %83
N/ OTC 31K 1T m (55 1.5 m SRR PUILAR ) A HLO AL 8 A K FE A A SRIRAETS (IR 2 A X (Vb3
3k 1964 AT A N T [E VDA B DX FIAR P R IRABE DL X ) |2 Fhighs je A0 (2l B Fse e 4 1y ) |3 AN IR BE A B (K
OTC /)N OTC FIXFHR) 2% 3 DNEAL, BFERIE 2 h J5 FHLLAMREE T (IRT, England ) W54 & R IR B, 2
R A HLBIS B (EAR 12 em, & 15 em, FundT O, b5, b 6] 8 — B LR S ZE % ) ) SRS lerE i |
T oAl AP b Qs A B A R, SRS R S R AR A A SRR A A O B R RS B
10% . £ FHSRRE T HEFR 4 b, [FIBS ARG 1 h sk K/ OTC N R E M2 SO . B3R 45 s A g a ik
B SRt AR AR 5 mL, WORCEE AR B 20 22 BRsc =R, O L0 AR B2 10 A ot e TR IR B o WA ) SR
[ S92 62 Ji B0 20 FH AR 2335 43 ( Agilent GC6820, USA ) 5 247 A A e . [ 40T P 45 SR LA & 07 A ok 2R
(nmol C,H,m™h™)Fx, 10 HEEE 11 H N AFEW, W E 2 mm, 12—19 H RS0EL, TTREW &4, N
12 HIFsREEH (12—15 H) FIFaH (17 HR19 H) TAHRE ) E R E R 8, — BB i R fE e, 45
Ea 8
1.4 ZEitorth

M Excel 2003 1 SPSS11. 5 for Windows ( SPSS, Chicago, IL, USA) #E47 %4 % 3 1 55 i1 20 47,
ANOVA BEH %) LSD 3 AT AN [R]85 Bz 28780 AN [) 38 32 Ak JHL A S 365 10 A g + 498 245 1y [0 /Ui e i 22 55 350 )
Regression-Curve Estimation #ZH H1 QUADRATIC #8165 45 Bz [ 2006 M 55 7K 0 3 1 i i 2k 10105 5 2 I X LA 5%
BT W E AL
2 g#R
2.1 SIS A K E AR

SR (2011 455 H 10 H,12—15 H,17 H,19 H) £ KK IEAE 12—28.5 C Z a4k, FHh18.6 C,
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B FE 1 (10.00—14.00) IR TE 19. 1—34. 5 C Z 1284k, 38 27. 4 €, Hdh/h OTC SR 2 TR OTC i
CK, A4 314 29. 8 26,5 F126 °C ., $557 WIFE it 22 Vi BE (85 5% B o S5 0 o3 B8/ A0t 2 1T I B2 1 F
PIEZRR)FE19.2—45. 1 ClaAAL 348 28.7 °C ; 245 i (R MR EAE 19. 1—45.9 C )24k, FH R
29.1 C, T2 KA KPR S K& OTC A B JRy 38 i 5, AN [R]30 BE Ab BT A it 2 T VLB AR fb AN — 3, L
R CK>/ OTC>K OTC ; #2545 i (R REAE 19. 3—44. 3 C a2 4k, SF24 0 28.3 °C , A )L Ab B
T BYEE S ZE B R S R TR EE R LA /N OTC>CK>K OTC,

SEIG HAW A Y LS B S K AE 0. 2% —15. 2% [0 72840 FERTJE 55 1 RIS 3 K (5 2 RAKEW , FER
T2 mm) FEIEGE RSO S KR & TR R A3 0N 14, 1% F1 13, 3% ,3X S B T B IS 45 F AR T3 2525
B AT 3@ AR i, KB I e T 2t By | S K AR B S B TR R 2K i e R R 2R A )
LSRR ZERAK, L0 0. 1% —0. 2% AR AL BT W28 AE W) + 1825 B b -2 oK i e R
—F(,IEBHN CK>/ OTC>K OTC, 13X J& B K /N OTC YA X458 i A9 AR S 350RE K A B BT CK (3
LE LD,

x1 ZBPERESHASKEHNENL

Table 1  Variation of temperature and samples water content in experimental period

I e gt Bk IR Days afer rainfall/d
Tm;; e Tpesof  Simulated
and SWC/% ) BSCs temperature 1 3 4 5 6 8 10
2 RS Day temperature /C ™ 16.1 (3.6)  12.0(2.5) 13.9(2.6) 20.7(3.1) 22.0(2.8)  28.5(1.9) 17.3 (1.1)
FEFRHAUR K OTC 2.6 (0.4)a  23.3 (0.6)a 23.0 (0.7)a  29.0 (1.1)a  29.6 (0.5)a 32.3 (1.0)a 18.3 (0.8)a
Incubation period /horc 33.4 (0.8)b 263 (0.9)b 23.7 (0.8)b 3.9 (1.9)b 344 (0.4)b 36.9 (1.2)b 2.7 (0.4)b
temperature/ °C ** CK 28.2 (0.3)c 2.6 (0.4)c  20.9 (0.6)c 28.1 (1.4)a 31.6 (0.2)c 342 (0.8)c 17.3 (1.1)a
T Average  30.4 23.7 2.5 29.7 31.8 34.5 19.1
FEMRIREE SRE5 R K OTC 30.3 (0.5)a  18.6 (0.23)a 18.3 (0.17)a 32.2 (0.8)a 34.5 (0.4)a 44.9 (0.3)a 18.7 (0.23)a
Surface Algae crust /N OTC 31.9 (0.5)b  21.9 (0.14)b 19.2 (0.11)b 30.8 (0.3)a  37.7 (0.1)b  44.1 (0.5)a  19.3 (0.10)b
temperature/ °C CK 32.6 (0.2)b 19.5 (0.04)c 18.8 (0.04)c 31.0 (0.8)a 37.8 (0.4)b 48.7 (0.5)b 19.3 (0.04)b
4 Average 31.6 20.0 18.8 31.3 36.7 45.9 19.1
B K OTC 29.1 (0.5)a 18.8 (0.1)a 18.5 (0.1)a 27.5 (0.4)a 32.9 (0.2)a 42.2 (0.3)a 18.9 (0.1)a
Moss crust /]y OTC 32.0 (0.4)b 22.2 (0.2)b  19.5 (0.2)b 30.6 (0.6)b 37.0 (0.4)b 44.4 (1.0)ab 19.6 (0.2)b
CK 33.4 (0.2)c 19.6 (0.1)c 18.9 (0.1)c 29.0 (0.2)b 35.4 (0.2)c 46.4 (0.2)b 19.4 (0.1)b
4 Average 31.5 20.2 19.0 29.0 35.1 4.3 19.3
,‘Ejjiierage 31.5 20.1 18.9 30.2 35.9 45.1 19.2
FeabEkaE: HEREE K X orc 14.6 (0.3)a 12.9 (0.2)a 8.8 (0.2)a 5.5(0.1)a 3.5(0.1)a 2.1 (0.02)a 0.4 (0.00)a
SWC/% Algae crust /)N OTC 15.0 (0.3)a 13.2 (0.3)ab 9.5 (0.2)ab 6.7 (0.2)b 4.1 (0.2)b 2.2 (0.05)a 0.4 (0.02)a
CK 15.2 (0.2)a 14.0 (0.2)b 9.9 (0.1)b 6.4 (0.2)b 3.6 (0.1)ab 2.2 (0.04)a 0.4 (0.02)a
-] Average 14.9 13.4 9.4 6.2 3.7 2.2 0.4
B K OTC 13.4 (0.2)a 12.0 (0.2)a 8.6 (0.3)a 5.7 (0.3)a 3.7 (0.1)a 2.0 (0.03)a 0.2 (0.01)a
Moss crust /)N OTC 13.8 (0.4)ab 12.1 (0.4)a 8.8 (0.4)a 6.3 (0.4)ab 3.7 (0.2)ab 2.0 (0.06)a 0.2 (0.02)a
CK 14.8 (0.3)b 13.7 (0.3)b 10.2 (0.2)b 7.1 (0.2)b 4.3 (0.1)b 2.2 (0.02)a 0.4 (0.02)a
P Average 14.0 12.6 9.2 6.4 3.9 2.1 0.3
i 14.5 13.0 9.3 6.3 3.8 2.1 0.4

Total average

* A RARBAESE B VB Sk v SO I HEFT 5 S AR A A EE 50 m Ab /NS AEIRINEE ; + » AT REF R B A R R R RS
B KBRS ) L RE AL B R 2% 53 2 (P<0. 05 ) 5 KB A Mean FI( SE)

2.2 PRAEIFLLI [A]X Az ) b el B [ AU M R R
SR AE By B AR MEAE 1. 3x10*°—12. 8x10* nmol C,H,-m™>h™' [8] 254k, F-#1°4 5. 5x10* nmol C,H,
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m > h SRR R DXORITN A B DX 2 4 e R

(A5 AL X T 43 5 M 1. 6x10°—12. 8x10* nmol €, H,rm™> ij : ] i
b1 1. 3%x10*—12. 2x10* nmol C,H,-m™>h™", % ;;12, fo
4.9%10* nmol C,H, m™>h™"F15.7x10* nmol C,H,m™>  §10¢ 1% §
b TR K B R T A, § [
AR R EALBETR AR AE B DX EE IS 45 i V-2 [ R E R R g 4l J1o <
A/ OTC>K OTC>CK, A TAE B X e 2 45 iz - 3 [ 2t 1°

0 0

IR PENZR I A/ OTC>CK> K OTC, Seub s 4,
[ IS PETE 0. 2%10*—2. 3%10* nmol C,H,» m™h~" &) 48 Days after rainfall/d

S 4 L2, T S S ot
&, 470 0.9%10* nmol csz m™h ,ﬁ%ff&?{aeﬁ,n | SRR A KIS MeansSD) BR (MeansSE) HOBL
ﬁﬁ/‘jqzi‘@ @ﬁ{ﬁ ‘rio E ?)H‘E%}ili% DJ\I?{‘E%EZIZ%%% Fig. 1 Variation of samples water content and temperature in
& Iﬁ/ﬁ{ﬁ‘lﬁ EI/‘J %1&@[‘@ ﬁ%uy‘j 0.2x10*—2.3x10* nmol experimental period
C,H,ym™h ' f10.2x10°*—1.7x10* nmol C,H,m™>h™",
SEHR 1.0x10* nmol C,H,em™h™' F10.8x10* nmol C,Hym™h™" , [ ARIE# X £ 2 Ky [ 000G PEmS 2 T A T A AR X,
AR EEANFR T [ ARA B DR TR B X B 2 485 1 1 20006 1 22 57 R K, AR 0. 1—0. 2% 10* nmol C, H,»m™h™
(%2).
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Table 2  Variation of NA of different BSC types, vegetation areas at different temperature treatments in experimental period
[& % JE P Nitrogenase activity ( NA)
/(nmol C,H;rm™-h7") *

K G R Days after rainfall/d

SR HBIX FRAUTHE

Types Vegetation  Simulated 1 3 4 5 6 8 10
of BSCs area temperature
PE Sty ASRMBIX. K OTC 2.6 (0.1)a 4.7 (1.8)a 6.1 (0.2)a 6.5(1.8)a 6.3 (0.2)a 4.1(1.73)a 1.9 (0.7)a
Algae crust  Nature /N oTC 1.9 (0.5)a 4.2 (1.1)ab 12.8 (2.2)b 9.1 (2.1)b 7.7 (1.0)b 4.7 (0.54)a 1.7 (0.8)a
vegelation CK 1.7 (0.8)a 2.4 (1.1)b 7.4 (2.6)a 6.3 (1.7)a 5.8 (0.9)a 2.7 (0.01)b 1.7 (0.2)a
area S Average 2.0 3.8 8.9 7.3 6.6 3.8 1.7
ANTAHEREX. K OTC 2.3(0.1)a  3.9(0.4)a 10.0 (2.6)a 6.2 (0.4)a 7.1 (2.5)a 4.6 (1.2)a 1.9 (0.3)a
Artificial /N OTC 1.6 (0.4)b 4.0 (1.2)a 12.1 (2.0)a 10.6 (1.4)b 8.6 (1.2)a 4.7 (0.8)a 1.3 (0.2)b
vegetation CK 1.3(0.3)b 3.3 (1.1)b  12.2(3.1)a 10.4 (0.5)b 7.6 (1.0)a 3.4 (0.2)a 1.8 (0.5)a
area 4 Average 1.8 3.7 11.6 9.1 7.8 4.3 1.7
E;Eiiewge 1.9 3.8 10.3 8.2 7.2 4.1 1.7
B HRMIHEIX. K OTC 0.5(0.1)a  0.9(0.2)a 1.1(0.3)a 0.9 (0.2)a 1.6 (0.4)a 0.6 (0.1)a 0.7 (0.3)a
Moss crust  Nature /N OTC 0.3(0.1)b 0.7 (0.4)a 2.3 (0.5)b 1.6 (0.6)a 1.4 (0.1)a 0.6 (0.2)a 0.6 (0.2)a
vegetation CK 0.2 (0.1)b 0.6 (0.1)a 1.7 (0.2)ab 1.5 (0.3)a 1.3 (0.1)a 0.9 (0.1)a 0.7 (0.3)a
area 4 Average 0.3 0.7 1.7 1.4 1.4 0.7 0.7
ATHIBEX K OTC 0.3 (0.08)a 0.7 (0.18)a 1.4 (0.26)a 0.9 (0.28)a 0.9 (0.15)a 0.7 (0.21)a 0.7 (0.09)a
Artificial /N OTC 0.2 (0.04)a 0.5 (0.21)a 1.7 (0.15)a 0.9 (0.22)a 1.1 (0.34)a 0.6 (0.13)a 0.5 (0.11)b
vegetation CK 0.2 (0.03)a 0.6 (0.07)a 1.5 (0.25)a 1.3 (0.23)a 1.2 (0.46)a 0.7 (0.11)a 0.6 (0.07)ab
area S Average 0.2 0.6 1.5 1.0 1.1 0.7 0.6

0.3 0.6 1.6 1.2 1.2 0.7 0.6

Total average

# N[ BN AH TR AR B X (] — 28 R A= ) - e85 B 18 0 A S R BE AR T 2 57 .35 (P<0. 05) 5 R A Meanx10* #1(SDx10*)

KK I BE S R BRI 25 R 1] 60356 P K 0 H R AR S B R [ A A A A, (RS20 3198 2145 B 1 [ /LT
PERREE 2 o TEERAN B (I 2) o FEKJE SR 1 RIS, B i 18] U0 PR ARG, 2R 3 KITIh , B /K 73 Bk
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[P LT PR AR T R i, RS 4 ARV R B i (L (65 B VB DS 285 B S 24 [ 0 M 43 3o 10.3x 10 F 1. 6x10°
nmol C,H,m™h™") J&5 | REIREMM S 52, WE, i TRETE (B 1) KB, w225 57 [5 4
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R TR, 2R B E (K 3, P<
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TREKEE (1. 3% ) B9 [ 006 M (40590 0 0.5 x 10* F1
0.6x10* nmol C,H,ym™>h™") (£ 2 K 2,K3),
PGS B FLA e v [ T PR IR A ST S8 R A 2 TR
JE K 28.9 °C, HAG B AR [ (TG 1 B 104 SF- 249 2 1 I % 43
S 25,8 C (FEan & /KBS ) f132.5 C (FEMm &K
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Fig. 3 The relationship between nitrogenase activity of different BSCs and samples water content and surface temperature

3 itie
3.1 VPHE S X A AN 20 5 B 1 [ LT

Surface temperature of sample/°C

BRI RNGE IS L, B AEVD Ik M XN T [ VAR DRI R SRAB R IX S8 R T, BESE B Ak T T DT B B,
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SLJG AT 40a (1964 AR R ) 9K B, W ILE 22 B, WA 30% , B EE R 3 Fh, (A H S A A
75% 'S RS BT KB W R — BB AR AL, E T A 22 Rl R G — 2 O AN, AR
45.5% , ZLARWEAN B S WE AN ST T0% W AR — 2B R AR A AT RE UEA TR A VE I AE I A B
MIREREHEAT GG FH T sk, [ B SR [ KA I AU BLRE B AE D R B AR ), (4 328 fy i 2 o 4
AP RS R 11 [ RURE 00 i TR A By TSR, B A A R B A HL A B R, LA 1
[P R A 2 i PR AR 1Y) /0 B W S A BT B, A S S TN T DX G R A AU M 5. T < 10°
nmol C,H,m™h™" & T RKINAEBE X IEIELE B (4. 9%10* nmol C,H,-m™h™") | BEASLE i 197 49 [ 0005 14 2 5
K, 5518 0.9x10* F 1.0x10* nmol C,H,m™>h™", (5 B T VDR B i 37 )5 Zead i At 20 i i 8, 2B
445 R R 2 2 R [ 2R AR R i B R AR X, A R B (R R R SR G T SR I T A
Be, M Y U HOR R AR R AR 05 R SRR AL T 451
3.2 VRVERREE XA ) 3R R S T A

A=) - G B 19 G0 OGRS P 2R 11 U R A N, P SR, 5 1 mT e 2 R I B S R (NH ) | 3K
— TR R i E AR TR ATP R EE A TE A, i A9 et B A FE I i 4%
PEF A BA ARG, DR G, A 4 - 825 B i U 2 FEAR R AR B T 485 B K o 4 0F L GRS 0
BRI [ 5 T B SR 2 IR TR S /K B R AT BE e R bk i 5 A W 3 45 B BB iy e, SEER I pi A
Yy - 45 B T UG PR SRR K A 2 B ) R RSOGO M B K R B 2 Bk 2 T
JE TRER AR 3) , BEIRIEE LS AR RE & KR 3. 5% —10. 2% B i) [ 006 1 B TR K
(12%—15.2% ) AR & 7K S0 (0. 3% —2. 2% ) B A G M, A W54 th 3 b i R B R R Re 2 K &
A, JHL OB PRI ™ M 2 e RS i A /K o B BB 5 BCIR A, S I AT B A R HE Y i R S T RE
LR 22 O RE T A7 DR A Bt i) 4 7 - 3k o 5 B — B SRR AR A 45 e M B RURE 0 . TR 7 BF A 47
FI R 5 A H BASEAELREE 7K S et IE SIS 2 R 2 2 e 181 R0 PEZE AL AUL 3 mm o7k B BV AT 38 31 e KA, it 3
mm FJFFEIK (5 mm F1 10 mm) i ZIE VI T BEIG N, R A L5 % AR iR 45 oK S e =+
1Y 6% 5840120 X ] 2 AT [ 000 1 2 o WA T R W HH 1K H- ( Nostoc commune ) T 5 5 /K 2 1E
22% —126% Bt AT e KB B RGP, 10 24 135 /KRR 500% B, Sk b J s o J5 - 39 A i oA B J A i
P R SRR B e R, 2 - HE K R B AR A, R 1T 52 R A 0 R B AT e Rk R [ AU
O S PP S R A PR TR T e A 2 SR A AR A X 2 S (B AT RE AN BE 2 U M S e B
AN SEBRIE L H AN TR 4 R K o i L U M 1 5 D S G 5 P B AR AR A B (K o i T
SEBR S5 R N AR R E T R K S R AR SR 4 R A R A B TN RRIVAE TR 2K 4y, B SS B F R E
B K A 2R G [ 2 RE T ) G
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PRI T B, BIREK S 05 10 KBS S KRS, FL R ATE R B R (R 2) . AR BBk S
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e, AL R HERFE SR TE 2010 4F 10 H HASREERY SR AR 517 [R50 3 A UL 7 12 e H AR T, .
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