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AR AR NB IR K 0, R A 0%
45 5 AT e 2 K RS R L SR TR 95 0 204 . T 1
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1 #MRERZE

1.1 HREXER

WFFE X AL T B S Ry 40T B [0k A X thith
BAOKGTEFER 70 (RE 106058, b4 37°24) . F
YIER 1560 m, J&T 2R TRk, SURm iRy
KSR, SETERIEN 7.5 °C, BFWEFE6—9 A,
8 AU A BE R 40%LL E, I 60 a ‘FHIMENELA
298.3 mm, o KPENEILT] 582.8 mm, H/NFENEICH
182 mm, Z&KEH#IT 2700 mm, FFHLFEIRE 164 d.
32K VL G A IR R ARV oA . 2001 4E
DIk, WPRX—HATREEPRES. MR EwE
T4 RN S AR
1.2 RIigit

TEAR DG Sl O AR B VR — 3, b 3A-P B, R
B E R EE (Artemisia scoparia ) 5 1 UK B
(Agropyron mongolicum) , "E4) 133845 F 78 55 228 30%~
50%, EEHEERFEEELS A, 4R ZEERN 3 em,
FIRAH K+ (WE 1D . 2018 4 3 H B4, R
MR R TR, WE T 7 M. BARKEN
(CK) , JKALEE (B 2L AR 2 b 12, 1/3
F1/4, A5EERRN DW 1/2. DW 1/3 #1 DW 1/4) , 1
IKALFE (BEREEZ I 12, 173 1 1/4, HT8ERR N
IW1/2, IW1/3 F1IW1/4) , FEFFE AR E 4 1> 6 mx6 m
EE/NX, BN EFERE T 1 mEREKE, NXIE
Wit 3 m BE IR IX o PR ALER/NX _FTHER AN N 45 7
s [ 32 B SRR 172 1/3 A1 1/4 RN 7K 34T 388 RN
AT K X CROK EARYE SRR (IR SE FE 1 D, I
IR AICEET 1000 L (2 E A, FIH/KEAHE
RGN 7K I S5 56 A3 K 172 1/3 1 1/4
BKIX, KM EEI A Y 2019 4F 3 H A#| 9 H g,
RIS BT RN Bl 289 mm, 55T 60 a TR & .

F1 RRXITIEFSERER

Table 1 Basic conditions of soil nutrients in the experimental area

4 )2 Soil layer em  C /(gkg ™) N/(gkeg™") P/l(g'kg™")
0~5 5.43+0.59" 0.38+0.04° 0.35+0.02°
>5~10 4.55+0.32° 0.35+0.04° 0.33+0.10°

I ARG FRFRRAFRLRREREE (P<0.05) .
Note: Different lowercase letters indicate significant differences under different
soil layers (P<0.05).

1.3 THER&EMSH

2L 1 a N ERRRE, T 2019 49 AajxiE
Yyt He g 7 2 R FR B AT R A AR .
FERY AR X R H 5 NMIET T (D mx1m) , fEREANTT

Mo, KAE 34 HIERE: 0~3 e VAR I A 105
SERJERES >3~10 cm IRFE AN IR4E B R IR s
B3 FAAE 0~10 cm IR ERNR SRR BN A X [F]
—LEMFERII SRS, VUVERURE, BT IERE 5 SRR
AT LREPR AR E S TS 2 mm §fig . 0~3 om 45
FZJEFI>3~10 cm &5 57 2 BV H 3960 5 XTI 2091
MsE AR, SRS, SREER 0~10 cm AETR
At RE T 0T A A Y R
1.4 HuEakmE

i/ SAS 8.0 HAFNKIAS A4 WY A RANAS 7] -+ 2 B gl gk
1THAE ANOVA Git o, FEAEAF AL X 13 CO N,
P & AR A R HEK Sy A AR Y T Pearson
FHFEIESMHT, AEF Origin 9.0 Bfth 34T B 224

2 HRE5SMH

2.1 S HiEL R ¢, NF0 P X PER AR L

7% 2 Ak, ARBGEWAAETR, 45EE13 C. Ny P
SaEBETH R, BN “ERE” . ALK,
DW1/4 AbBE 3 C & &R E m T HARPE AL (P<0.05) ,
IW1/3 F1 DW1/2 A3k, TW1/2 FIESRFER (CK) BAK,
DW1/3 Al IW1/4 AbEREAR; Jl/KALEESE ) ZHEN SR E
FART EARBEFR A KA (P<0.05) , {ER/KALER T 45 iz
BN SELEFMER, W3 AFEER 1482
N &i; DWI1/3 AR 72 P & B G, HfhPEKia
HRGE Y2 P A ER A B MR S E N, TW1/3.
DW1/4 5EREEMATE R 3% ¢ &EEEE T HAMRR KA
H, TW1/2 f1 DW1/2 4bHR 2, DW1/3 AbFREAR; Jf/KAbEE
SE R NN SRR E TR (P<0.05) , 1
IKACER RS PG T 25 5 2 AT T35 P Rk
2.2 HMHIELRE C N P LI E X RGN

AN BE NS AL B A -3 45 7 C DN L P AR AR
FRIER = — 2 e, MR 3 wLLEH, H5HAKEW
(CK) Mth#Er, WK R ERS TEEE CIN
(P<0.05) , THG/KAFEXLE K ZE C I N EWALRE, N
[i) [ R AL B R &5 7 )2 4% € 0 N R HBE DW 1/4 &b
HE(17.31£0.55), fe/MEHILAE TW 1/4 4bFE(11.08+0.44).
MR C N PN 12 48 Fim, EF
19.95+0.31, HE/MEHBAE DW 1/3 (9.27£0.49) . &
JKALHE (DW 1/2) FIl DW 1/4 MBRAF R4 2 S H TR
-3 CIN7E 0.05 KV EEREALEE, T DW 1/3
WIS Z C TN BEF ST IR (P<0.05) « HIARKE
M (CKD) A3 /KACEE T R L3 C N B s 45 %
2 (P<0.05) ; 452 C P s KMEHBBAE DW 1/3
(22.48+1.42) , T3 C : P I A HILLE DW 1/4 4b#E
%M. 4N, DW 1/3 F1DW 12 B RE5 i Z+H4EC . P
BEETHTRE (P<0.05) , HAlAHE THRHE 1% C :
PHIEEFHTEINE (P<0.05) ; 5HEREFERALE (CK)
AHECA, B /K AL 4E H 2 N & PSS AN 53, T DW 1/2
2 RS, 2 R R RIE N L P (P<0.05) - 4k,
IW1/2. DW1/2 Fl DW1/3 kb3 R 457 )2 L NN ¢ P
LR .
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Table 2 C, N and P contents of biological soil crusts in different precipitation treatments

5H Clgkg') Nigkg") Plgkg ")
Ttem i N i) N i) T
Crust layer Underlying surface Crust layer Underlying surface Crust layer Underlying surface
IW1/2 6.84+0.30 ° 5.52+0.14 B° 0.53+0.01 *° 0.28+0.01 B 0.36£0.03 A° 0.20+£0.02 B
IW1/3 7.7740.20 A° 6.18+0.26 B 0.61£0.01 A* 0.33+0.01 B4 0.36+0.01 A* 0.18+0.01 B¢
W i b 3 TW1/4 6.35£0.11 3.99+0.11 % 0.57+0.02 ° 0.32+0.02 ™ 0.36+0.02 0.16+0.01 *
Precipitation CK 6.75£0.13 *° 6.27+0.26 ** 0.57+0.01 “° 0.32+0.01 B¢ 0.36£0.01 *° 0.24+0.02 B°
treatments DW1/4 8.19+0.17 A 6.10£0.12 B 0.47+0.01 A 0.35+0.01 B 0.38+0.03 A 0.18+0.01 B4
DW1/3 6.51£0.22 4 3.65+0.16 B¢ 0.47+0.02 ¢ 0.39+0.02 B 0.29+0.01 A* 0.23+0.01 B°
DW1/2 7.52+0.19 A° 5.29+0.03 ®° 0.49+0.03 ¢ 0.37+0.03 B 0.36£0.03 0.330.03 A
Gt ERFRECV% 2.76 329 2.90 4.08 535 5.57
Statistiqal P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
analysis F 37.32 113.90 36.49 22.98 6.84 64.42

E: ARKREFRFRRERZE TR ZEREE (P<0.05) , ARVNGFRERRARBKGEAZRZE (P<0.05) . CK: X (HARERD ; IW1/2,
IW1/3. IW1/4 FoR PR EAE 3 RMER MIERE B30 172, 173, 1/4; DW1/2. DW1/3. DW1/4 SRR & 7E F SR MR IO BER s> 1720 173, 1/4. FIA.
Note: Different capital letters indicate significant differences between the crust and the underlying surface (P<0.05), and different lowercase letters indicate significant
differences under different precipitation treatments (P<0.05); CK: Contrast (natural precipitation); IW1/2, IW1/3, IW1/4 indicates precipitation increasing 1/2, 1/3 and

1/4 treatment, respectively; DW1/2, DW1/3, DW1/4 indicates precipitation decreasing 1/2, 1/3 and 1/4 treatment, respectively. The same as below.

R3 TEIFERAETEYLIRE R L F T BT

Table 3 Characteristics of soil crusts stoichiometry among different precipitation treatments

5H C:N c:Pp N:P
Ttem ghR ) R gh 2 TR gER ) i)
Crust layer Underlying surface Crust layer Underlying surface Crust layer Underlying surface
w'? 12.83+0.70 B¢ 19.95+0.31 A 18.92+1.98 B 27.74+2.48 A 1.470.09 A% 1.39+0.10 A
w'? 12.81+0.46 B¢ 18.55+0.17 *° 21.60+1.10 % 33.7341.22M 1.69+0.03 52 1.82+0.06 A
W4 b 3 w' 11.08+0.44 ™ 12.47£0.48 ¢ 17.66£0.61 > 24.95+0.92 *° 1.60+0.13 2.00£0.11 4
Precipitation CK 11.85+0.43 Bée 19.60+0.24 A° 18.78+0.87 B 25.89+2.65 A 1.58+0.01 A% 1.32+0.12 B¢
treatments DW'™ 17.3140.55 17.3140.93 ¢ 21.80+1.39 % 33.91£0.65 1.26:0.08 B¢ 1.9620.12 A
DW' 13.77£0.66 *° 9.27+0.49 B 22.48+1.421 15.68+1.50 ®° 1.64£0.14 4 1.69+0.07 ¢
DW'"? 15.38+1.09 A° 14.33+0.80 A 20.75+1.16 A 16.22+0.69 B 1.35+0.11 4 1.13+0.09 A¢
gita  EARRECVI% 4.82 3.47 6.33 6.41 6.20 621
Statistical P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
analysis F 32.19 159.14 6.10 61.37 8.46 34.42

2.3 LIRS TIRRCEYE Y E AN TN bE /R BY 00 KL

5 EARBERALE (CK) AL, TW1/2 AR 30K
SYHEINT 21.99%, DW1/2 403 R R HOK I BEAS 1 53.7% Table 4 Effects of precipitation on soil water content, soil
5 CK #Htt, BEFERN=EIM, SMBC (LIBERUAEYIEY microbial biomass carbon, soil microbial biomass nitrogen

FEKEHR (P<0.0D) .
=4 BEHBEXEIEKS, HIEMEMEYERINE RSN

i) M SMBN (HIEFAEMAEMEZD 2. 5

SW/% SMBC/(mg'kg') S /(mg-kg "
IW1/4 43T SMBC Al SMBN 5 H: DW1/4 4b3 = W12 10 9:)11 e 1\/1“:2 3(: 8i° | Mj\lszjsi |
T SMBC & &/, N (127.38+6.37) mgke, EHIRE Sgel 6ss, Sos0.
e BN, . . mg/xg, s P IWI/3  10.58+1.37"  168.76+6.49° 29.50-+0.44°
Y ALEE ™ SMBN /)y, N (21.87+0.38) mg/kg (£ 4) » eigahm  IWIA  773£142° 319.23:9.88° 54.60£0.70"
Ak NGRS SMBC A1 SMBN Xt & Precipitation CK ~ 8.94+0.87™ 149.95+3.71¢ 21.87+0.38¢
AU, ASFEFEN AT F o B 9 1) recipitafio
N . N e, c e d
WIRTHEA 5, B -L A R T LR DWIA 79081 1S6IT 0005
R BORR, T R RS R T e T e o
MR EOEE . BT - R T DW1/2  4.14+0.73¢ 317.82+6.36" 44.17+0.64°
7 R RIS - St Gt CV/% 1243 2.91 154
T, ANEE. Stistical  F 1432 509.20 1185.16
2.4 HIEFHOEEMIIELEKRCINPLUFITEXER analysis - p <0.0001 <0.0001 <0.0001

H: SW: L3ESIKE; SMBC: LIEGUEW YRR SMBN: L3/
YAEER. TH.
Note: SW: Soil water content; SMBC: soil microbial biomass carbon; SMBN:
soil microbial biomass nitrogen. The same as below.

i 5 a4, L5 KZE, SOC 5 C N B EFIE
MHFEHKZR (P<001) , 5C:PHIN:PHREEZETFM
FAMAR (P<0.05) « TN 5 C:N M N : P 77l 2%

BEFMRAIEMK (P<001) , 5C:PREFEAMK
(P<0.05) « TP 5 C:P A N:P 705l & &EFAHxK
(P<0.05) FIEE A KR (P<0.01) , C:NEC:
PAIN I Pl 2MEE EAI (P<0.01) FIKE 3 A

EGE R E R, SWEHCIN & C:P AR EEE
AHIK (P<0.05) FIRR B35 IEAH GG &R (P<0.01), SOC 5 C -
N J¢ C @ P HEMEZ LR (P<0.01) , 5 SMBC.
SMBN 8] 22 AR (P<0.01) , TNECIN K&
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C : P I 2R ZETHSE (P<0.01) FIEZEMMIEER
(P<0.05) , TP 5 C:P I N: P HWEMEEAIHILTR
(P<0.01) , C: N1 SMBC 1 SMBN % £ Hz % 3 7 A 5656

% (P<0.01) , 5C:PREMEZEIEMIKR (P<0.01) ,
C:P5N:PTE0.05/KFFEFEFMK, 5 SMBC 7E 0.01
VI Y T XTI e

RS IEFDEEVEIRERCINIPUFIHEXFR

Table 5 Correlation coefficients among soil crusts stoichiometries and soil nutrients

+ 2 Soil layer T H Item SW SOC N TP C:N c:p N:P SMBC
SoC -0.222 1.000
N 0.524" -0.194 1.000
TP 0.080 0.415 0.263 1.000
o g 12 C:N -0.426 0.768™ -0.775" 0.111 1.000
Crust layer Cc:P -0.195 0.535" -0.438" -0.544" 0.612" 1.000
N:P 0.383 -0.491° 0.631" -0.577" -0.738™ 0.073 1.000
SMBC -0.619" -0.386 -0.049 -0.146 -0.208 -0.225 0.070 1.000
SMBN -0.579" -0.158 -0.325 -0.163 0.133 0.008 -0.134 0.768"
SoC 0.270 1.000
TN -0.609" -0.330 1.000
TP -0.612™ 0.019 0.402 1.000
T C:N 0.510° 0.896™ -0.704™ -0.144 1.000
Underlying surface c:P 0.574" 0.672" -0.475" -0.713™ 0.693" 1.000
N:P 0.239 -0.207 0.108 -0.845" -0.250 0.515" 1.000
SMBC -0.619™ -0.660"" 0.274 0.350 -0.664™" -0.662" -0.100 1.000
SMBN -0.579™ -0.728™ 0.434" -0.055 -0.798™" -0.384 0.418 0.768"

e o R SRIRREEHSE (P<0.05) FILEEMR (P<0.01) . SOC NEIEGHR.

Note: ** is significant correlation at the 0.01 level, and * is significant correlation at the 0.05 level. SOC: Soil Organic Carbon.
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B, KA IRENGE KR BORE . TR AL B R A4 e b
FEORFFRIRARES, AW LIRSS B AN B &R,
FEAT 138 2 BY7K 3 I FR AN BESL B 58 4 R It FO & A 3
W, WE N AR, R BT R,
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FHERZE C FRMB R BN KP4 B R HUBR
(RSB 90 45 55 1 B PS5 56 T LK 3 IR E i A4
LR BRI AR B —RimE, HEN SEEENE
IEAHSG, AWFFH KA A R L N SRR ERT
K ALEE, EXEK 12 B TERZE N SREERTH
IREEMALEE, KRB THAX LRI+, Krd2
WAL LRI N Bk, FECHEN S ERK, [,

ZRENMMBIER, KA FERETFTREEN S8
BT RO, SXTRAHL, WXL EE P
TEMEWAE, HEKEINEERKT &KL ZE TR
N FI P A RME. IXTTRE & i T M e & 1 Rk
HRE, WM fesE 7R A DR ISR S RE,
() B 38 K fe R A R 38 I, 1R S N B P E R
Ak v i LR S P 38 P A2 R A0 A R A
B TENEESE, 1% C. N, P B {biEH
FIE R T A S BN 4R . 138 C 0 N 2 335 B 1A
BARbR, SHENRSBERER R R A FIRIK A
B ES S T4 EE CIN, UATERUK AR T 4% C &b
T EBRES . BN INEERE T4 K2 THRE C 1N,
XA RS2 B TR R A, /K AR 3 R 45 R 2 R BT
BN SREERCTFEN. B C P &P AR
FI—ANERR, YK 1/4 KbFE . SR BE G A K AL FE R R 34
3% C:PRHRESTELZE, WHHKD FAEF R
T, SRR FHRmEIES P A RERE, Tk 1/3 A
12 T FEE CHERE, FHEKEC I PHK.
N : P EM#&ERS N, P F=2MRE K — M85, KA HE
& 7 )2 N P SN R 2, UG K S F N A el B+
AR P HIFRE], 10 DW 1/2 AR R AW 4E i v R
ZF| P RE], AL, TWI1/2. DWI/2 fl DW1/3 AFEF
S ERILTHE NP ZRUEAEE. 2HT W12
1 DW1/2 F1 DW1/3 JbEE R &5 7 )2 K H R34 L3 N P
FERANE T -HEHN, FEEETHREEH, W 13
FIW 1/4 B REE 2 TN S RS ES T P A
WE IR K AL B i T AR 3 45 i R A 2 B L RN 45
FEE5TRMZE C E'NER, %/ T4KZES TR
ZIEFIN P S B2 ZERE. KA KT 852
TN E LA G JE AR AT 2 18] N ORI P S E
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Z5. AN, DWI1/2 Al DW1/4 4B 38045 2 )2 K H T 3
K C:N#ETF—%, IW1/2. DWI1/2 f1 DW1/3 k¥ &
HAEREE RN PTG, T, Bl e
JRX . BEERVHL., BRI, Shibh s s R X,
e YL, REEE R IR A SE K JZ C DN P XTRE
MR R RS AT &I (R 6) , AFRRFFIX L3R
SE SR AR g () 2 102028 SR e R X
YLLK C Ny C 1P mTHAWFRIX, BHEER
FEARSEAET, B de J5 X ARl B fefd 133 C. N s
B2200 S BN [ A 8 A A g iy SR A C R R AR AR
FEA—, 25 B0 K I e B A A7 7 i 22 5

*6 FTRIMXEMERHTIRESUFITERHE
Table 6 Soil ecological stoichiometry characteristics of biocrusts
in different areas

z23 Xil’ 7;;% 4
BRI Jc. Precipitation C:N C:P N:P 53k
Research region Reference
/mm
W R X 500 1090 1720 1.55  [21]

Hilly loess plateau region
E 5 ZEVPH Mu Us sandy land 400
BLRIL 7V #h Horgin sandy land 364

10.15 1720 1.65  [25]
10.10 37.3 3.8 [16]

Eh o B 3
HIERPEX 2083 13.58 2028 151
Desert steppe in Yanchi
Jis B HL YD1 Tengger desert 186 12.35 19.35 1.55 [2]
b AR B o e
/RS L RED 795 7.80 13.90 175  [28]
Gurbantunggut desert

MIRDITRY, EMEREFC NI PHEITES
TIEA WA I S KRB YA G, 45 B TR
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Effects of precipitation on stoichiometry of biological soil crusts in a
desert steppe of Northern China

Wu Xudong, Yu Honggian, Jiang Qi, Wang Zhanjun, He Jianlong, Ji Bo, Xu Hao
(Institute of Desertification Control, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan, 750002, China)

Abstract: Biological soil crusts are fundamental components and surface landscape in arid regions, and biogeochemical
process also depends on them. However, biological soil crusts stoichiometry remains largely unknown in the desert region of
Northern China. The influences of precipitation on biological soil crusts stoichiometry is also lacking in desert steppe. This
paper aims to investigate the effects of precipitation on the stoichiometry of biological soil crusts in desert steppe. This field
study was conducted at Dashuikeng Grassland Research Station, Yanchi County (106°58'E, 37°24'N, average elevation, 1 560
m), Ningxia Hui Autonomous Region, China. This region covers a large ecosystem of desert steppe that characterized by low
rainfall and uneven precipitation, along the southwest edge of the Mu Us Sandy Land. In the study desert steppe area on the
southeastern margin of the Tengger Desert, the average annual precipitation was only 298.3 mm during the 60 years from 1959
to 2019. The precipitation was regulated by the measurement of artificial rain using rainwater shed and sprinkler irrigation
technologies, in order to evaluate precipitation effects on the biological soil crusts in desert steppe compared with natural
precipitation. 28 precipitation treatments (6 mx6 m) were set up at the test station in early March 2018, where 3 m wide buffer
zone was designed between each time. Control conditions of precipitation were designed via the shelter and sprinkler irrigation
system, including 7 precipitation treatments, natural precipitation (CK), drought (1/2 reduction in precipitation, DW1/2
treatment, 1/3 reduction in natural precipitation, DW1/3 treatment, 1/4 reduction in precipitation, DW1/4 treatment), and
increasing precipitation (1/2 increase in natural precipitation, IW1/2 treatment, 1/3 increase in natural precipitation, IW1/3
treatment, 1/4 increase in natural precipitation, IW1/4 treatment). Each treatment has 4 spares for the reproductivity. In the
same period, small weather stations were set up in the test area. TRIME-PICO TDR Portable Soil Moisture Meter (made in
Germany) was used for the data collection of precipitation in the soil water depth of 10 cm. Carbon (C), nitrogen (N) and
phosphorus (P) contents of biological soil crusts were measured to examine the C: N: P stoichiometry and its driving factors.
Three findings can be achieved: 1) Water-reducing treatment was beneficial to the enrichment of C, N and P in the crust.
DW1/4 treatment and natural precipitation treatment posed significant effects on the C content in the crust layer and
underlying soil. The water-reducing treatment can reduce the N level of the crust, while increase the N level of the underlying
surface. The content of P in the crust layer was the lowest under DW 1/3 treatment, whereas the content of P in the underlying
surface reached the peak under DW 1/2 treatment; 2) Natural rainfall and increased precipitation can significantly improve the
underlying surface C: N and C: P. There was a reduction of N: P in the crust layer and its underlying surface; 3) Suitable soil
moisture conditions promoted the accumulation of SMBC (Soil Microbial Biomass Carbon) and SMBN (Soil Microbial
Biomass Nitrogen) on the crust layer and underlying surface, while excessive rainfall caused the loss of soil nutrients, which
was not conducive to the accumulation of SMBC and SMBN. The relatively dry soil environment was conducive to the
enrichment of soil carbon and nitrogen in the crust layer, provided more nutrients for soil microbial respiration, and was
conducive to the accumulation of SMBC and SMBN. In short, the C: N: P stoichiometry of biological soil crusts and
underlying surfaces had different responses to precipitation in the desertification areas of northern China.

Keywords: stoichiometry; soils; biological crusts; precipitation; desert steppe
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