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Biocrust effects on root water uptake of shrubs in the Mu Us Desert
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Abstract; The available water of plants is the main factor determining the growth of desert shrubs. The presence of biocrusts
alters infiltration during rainfall event and changes soil evaporation during the drying period, and thus they could affect soil
water distribution and local plant water uptake (PWU). However, the roles of biocrusts in PWU and plant water stress have
not yet been quantified. The effects of biocrusts on soil water distribution and root water stress and uptake by plants
(Artemisia ordosica) were determined based on experimental data, the simulated data derived from a physically based two-
dimensional model, and recorded meteorological data during 1990 - 2019 from Yanchi site in the Mu Us Desert, China.
Our results showed that (1) in comparison to the uncrusted soil, biocrusts decreased soil evaporation by 5.1%. (2)
Biocrusts improved soil moisture during the drying period. (3) Biocrusts reduced the water stress fraction of the season, and
the reduction percentage was 8.1%. (4) Biocrusts increased PWU by 12.8% when compared to the uncrusted soil. (5) The
PWU ratio decreased with the increasing seasonal rainfall amount, with the mean value of 1.13. According to these results,
we concluded that biocrusts did not negatively affect root water uptake of shrubs in drylands. Our findings about the

influence of biocrusts on PWU have important implications for understanding of the symbiotic or competitive relationship
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between biocrusts and shrubs in dryland ecosystems.

Key Words: cyanobacterial crust; lichen crust; moss crust; soil water distribution; plant water uptake; plant water stress

A=) B e (TRTFR A WA B ) S )12 43 A 70 € DX R 5 X ™ I PR T 114 o 28 1 3R o SRR IE 2 — |
B R FIE AR 3510 40% LA 1Y DRI BA S RGN E B E R S, (EATRBES RS
(RS RGE TR A AR R T 52 2 T RSO0t 3 A 5l A W o bR 8 TR R 1R
FIETO A aE B U I AR SR I — A E ARk WA 5K ORI R A I T3 b2

FEWES BT SO A M T Y K SRR (AN, BEK AS R EZE R AR ) T KT
SO LR A AR IR RE T AR R O SR DG T A A B SRR R R IO EE AR
TEA Yy 2 B AR A0 4 QB @A AR A K s 20 SIAE SR — B I R T A A B AR
S AIAR GRS, WE ST A 30, A= W45 a3 ol B /K 8 B N 32 0 AR R 3K o 26 IR A B0l
AR BRI, 53 Ah— L2 B TR S LA AT TN A, A s Bl e /b e R i T K
GRARAE AR TR AR P SR R (I R TR IR AR ) A WA BCRRAE (AN, R S
JE RIRURE B BEAE) WIFFET5 R 3K TR0 4 22 57 45 T RE XTI S8 45 R U2 R . e Ah, o E A7
FEA BN RIS Y A= W 45 B LI e 55 5%k BR 2 TR A ) A AR Bn 22 57, S8 T AR A5 B R AE A 2 i BIL A W
Wi, DRI, 1 SR A 04 B A R B2 iU, A b B — AP T AR SCHIE ST

T E RN T A SN 55 H AU AR BOS R IX, EFRE PRV 2 — . 3 [ ARk, BiEE A R
JETAACLL KA GBI = 3t R P 32 e X vl 35 7™ S VD AL B . O 1A RGE AP B 1k v At it
— P75, HAT R Z DN TAE R B ERR T EAL . UAEREART SRR R EU R —, OF5
W, BRI ERE AR AR — MEINEE (g B2 Hory B A2 R B (B S 3 A
Be W AT BELE ) UM EREAPRE R IR MU, —Sea B i) O 5K I3 n] e 3R Sl U0 AR JE AT v 3
B EZR T BRR, AR W Es B BUE T MoK IR AR G R RIS 1 3K 434345 (G
FORHEY AT RIHK Y ) , B TEA K W, O T SR kX — R, A BEAE B 55 R VD M I 8 A W) 45 K )
UHEREAOK A BISEMAITTE . 38k, BAR T E A 82 5% T A W4 B xt 3K o3 il B 07 T i W2, (B 6 Ay
BEXHBE R T KRR AERYBLLL, JEHR A0 A 1 T 3K i RS v A HEA K 73 M MACFR) 53 Wi AL B />
HH . F3oh , KAEAKGRYD X K 73 1 R ZOR IR, MDA AN EESE RIS n] T30 4 Jk sl =1 2 K A S AR
ik ARG FE BURF ] URAE AL % 112 5323 (TPCC) A AT Y 28 TL Al e i S s, R B 22 fili ot DX Il i B i
R 7K S A R T RSS2 T 553 W) 0 3 X AT 1 BT SRS 0/ s e e ) s ) T R R
(]R3 T i) BE 2 S EEAOK 7 38 A= W45 B T BE 2 b e E AR+ WA B9 IE BLRE T AR, ANTR] K %
TF T A W45 B R PIK 0 A B R W BL AR AN o DL AS B ST 0L R HT B EASADOT AR SC I 5, BUBI AT 5T 45 2R
BT PR U0 A AT P 1 R BT B S, O B S R VDR S R A A AR G AR BB AR

1 HRETE

1.1 BT XA

AMHGE AT 7 3 M B B 3R VD AR S R G 5 6 I B 5 i (T PR ER S 5 k) (37°04'—38°10’N
106°30'—107°47'E , #4K 1550 m) , BFRIXA T B SR HIET S, 28 15 e ) SRR 2 00 65 1 2 52 b X 1)
5 DX AR DX AKX DX o i DX Ao U Y B A AR RS A, JE T R RS R 1 e K R
AEPR R 8.1 °C, 2AFETT T 163 d, AFEME/K R 292 mm, Hh KRE MR AE T 6—9 H AW IEHR K
2897 mm, ZMWFFE X FE W sh D b 2 B e U0 B R [ v e A AR, 3RS B KRS 4, -3 pH (HAE
7.5—8.5 ), HIEA LT & RAE 0.5%—0.8% 2 (0], FRIZTHE(0—10 ecm +)2) P Uk by ki FIgh w5 it

http ; //www.ecologica.cn



14 14 PSARNESISE SIS N 7/R W S0 QORI E Y &gl TV X 5877

IPN 79.1% 18.5% .2.4% , T )2 145 (10—60 em +J2) FEIvbKL A AL AR KL & 5 205 93.0% .4.3%
2.7%"°), BHL SRR AR HE AR AR B R SRR, TR X IV AEEARE R RGN, B HF
HIFEIM B (Artemisia ordosica) | ¥7 2% ( Caragana korshinskii ) . 16 4% ( Hedysarum scoparium ) % %¢ ( Hedysarum
mongolicum) VMW ( Salix psammophila) % . A=¥45 B AR 5T X0 WA LBy , AR 55 38 31 30% LA I, 2L
FRVCUFE RS FE HAKEE B FNEELE K | ORI I 3 Ah 7331 o W 88 ( Miicrocoleus vaginatus) ") A ( Collema
tenax ) FER M EL&E ( Bryum argenteum) ,
1.2 5Tk
AT Hydrus-2D BRI AN ] 2 B B Be A 45 B RHREAOK 0 (PWU ) B 52 0 R0
ERUD (KRR BEGh He M AR B MGEZS B2 4 DAL BE, Horp BRYDACPRAR YRR IR F WY, HA 4
FA) G AT, 7R A B 3 B o 5 N AR A 285 SRR SRS A3 A1 3 2 SR A 45 B A SRS BRI
T KA PWU | T2 1 LU ARDR SE B DPAN A= W) 25 B R 3K SGE RN PWU B2, 25 1 2 3 T e
P RE 23 U A 1045 B o8 TR 7K 53 MR MAT %) S 0], R IHG e 49 22 4 S I 2 8040 14 A7 R DG ASE 4
Hrh 2% Sela %1 (WBIST, AR X734 FE J1 7K AR T Feddes FA1 2450 P & SCA K 43
A E A YK o3 A B S AR DL IR Y L AEDR TR A5 A B 7K 0 W B o B9 (SFS) | i i He A AR
45 Bz b AT R A8 7K 53 Tk B o LA B A X /N S B VPAN A ) 235 B2 X RB ) 7K 53 38 A JEE 1 52 el (UK 93
i 38 BEARC HE 3] = (K3 W38 T o3 L AD g = 7K G0 W38 B 3 LOAG e ) /7K G0 TR EL T 5 BEAA ) o 5 BE BN SEIX
R RN AR 7K S i AR R AE 6—9 A, A BF S B BE B AE B4R 1Y 6—9 H |, AR MBI K Oy
2928 h, Ji4b, T IRIEIURI ST Z ARG B0 0 3k () LK I SRR R oK S8, B, R TR A B
I , A ARG Wooding Sy Al B 4 AL BRI 3K 580, BARCKUL, Wooding J {875 & 34T Wooding J7
PN Richards JyREUE AR, £HOK I S8000 BOBGS B 25 SR 1E DL Guan Al Cao IYWFSEN . H
WK FETF ORI (M 288 B0 , R Hydrus- 1D 00 523 5% 8 I AR R UK S804 (PRI 1.5 #843) .
1.3 SG8dE
K A 0l 1990—2019 4F (30 4F) B9 TR s  TREUATSE , TR BEERIE T B X IR B 8l b
0> (https ://data.cma.cn) o F PR SR BAE S . H RN & H P28 R E | H /b SOR B H Bk
2SR ARG I 1 5 1Y) Penman-Monteith 7 %48 H {’%E;}Eﬁﬁﬁ(ﬂvﬂ) S FA R IET B MeTo B4
R B FHE A E R BT SRR /NI B 1) ET 5
1.4 Hregfiiy
AT Richards 712, FIH Hydrus- 2D BRI 5T 30K 53 A8 55040 (e
00(x,z,1) 9 oh d oh
Py = ax[K(h) (axj } + aZ{K(h) (az - 1) } - S(x,z,h) (1)
o K(h) HAREAFIKER (em/h) sh g FIEGEIK K (em) 5o BTz 23 5 ACAE [ FHE [0 AL BR (em) 52 D9 ]
(h) ;0 R HIEERBIE KK (em’/em®) 58 («x, 2, h) WIRRBKTFII(1/h)
HRERBIKIEII S (%, z, h) FIH] Feddes BERITHR
S(x,z,h) = a(h) b(x,z) LT, (2)
T, a(h) 2 IR IR B R b (v, 2) AR AR R % B2 O30 A eR K Lo R XSG 5 T S A T e 28 I i 30
(em/h)
AR REE I e S HORNAR RN S 7K R K A van Genuchten #5111 367 |

0_0" nl -m
:0 ~ 9 =[1+ ‘avch‘ ] (3)
-1
m=" (4)
n

http ; //www.ecologica.cn



5878 xR 43 4

K(S,) =KS. [1-(1-8/)"]? (5)
1,0, .0 SR TEZERE S K (em®/em®) ;m n oy (1/em) B ARSH S, AR ;1 25 il i &
B, W BUE R 0.5,

BB IX BB MY | FL 58 B FITRFE 43 91 oh 200 1 100 em (& 1) o FEIEARILL X I W0 4% 1k g 5483 4~
A PIAE N 2832 AN A R AU T S YR L Gl R AL T AR A B R R R A A R E R
B S AR RS B M A ZE i FEELS B2 iR 43510 0.3 ,0.6 1.2 em, BETFASIFFY X Kt (i H AR
DOULI S | B AR X FEE A 60 em,, UM  BRIIE AR R FESAFE 10—80 cm, i + 3R EE L M40 1
T Lai SE7EEFANULIN G i85 45 2 AR A= P it 148 H I I AR HAR R A Y AN, A
FOLDX 3l 3 B PR 2IS < A 7 i DX AR AR 7 X (T 1) o Hirp 4B AR AR R0 Y X e e Sk R g 7 T DX
(B 1 3R ) |, Hofth IXE SR ARRE 8 5 X 3, ASBUUIT 52 A% [ M R AR T A 2, B A 400 IX S )
LI F RN 2 AR E AR, TR A RHEKG R A A B K R A e g ) 3
SI03 AR VIR TR RS KRB E R 0.1 em’/em?

ettt b ——she——pmBon ——>fe—— FHEERKE —]

i T 1 T 1 i P i P i Y i W 1 Y Y Yo Y Yo Yl Yo itsaseiele R A

e 2

® 3

ZEEDR FEEDR

[ ]
LIS S —————

® 5 e 10

e Lt 200 €M mem oo >

E 1 Hydrus-2D #EHTEXE RESHRERENENSHCETEE
Fig.1 Schematic representation of the boundary conditions used in the Hydrus- 2D transect and distribution of the root zone and

observation nodes
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Table 1 Calibration range and the optimal values of the Feddes root water uptake parameters
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Fig.2 Comparison between observed ( circles) and modelled (line) hourly transpiration rates during 1: 00 on June 22—0: 00 on June 29

and 1: 00 on July 20—0: 00 on July 27
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Fig.4 The soil moisture variation for uncrusted and biocrusted soils in the plant-covered and interspace area during the 2000

rainfall season
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Fig.5 The variation of the ratio between the respective water content for the lichen crusts and uncrusted soils in the plant—covered and

interspace area during the 2000 rainfall season

o PSR o MUREERE o AR x X

w
(=3
S
—_
~

g 250
g £ s g 131 eg
2D o @
£2 w0 S I
=0, ﬂ = o
W o =) 1.2 DDE m
B2 150 =2 e QT 8y o
\%—2 ] ©pn o0 & s0® o A o
“E 100 Lip @ g B % B

© o B AR R4A ] e} {

50 1.0
100 150 200 250 300 350 400 100 150 200 250 300 350 400

ZA5 i Seasonal rainfall/mm

Bl6 EMAERLEMMBHENMBEREZBKEREILE
Fig.6 PWU and PWU ratio (PWU,.../PWU

PWU  AHH /K /WU Plant water uptake

) of the simulated yearly rainfall seasons on uncrusted and biocrusted soils

uncrusts
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ZZRFC,=0.04, B THAEFIK) , X 0T RE -5 H B M IR (I anRE BRI ) 254 G, g i A Sh f fiag g
K PWU HAEZSAIE B4 50 1.04—1.14 . 1.05—1.18 .1.09—1.31, HoP{E 209118 1.09 .1.11 . 1.20( & 6) .

R2 EYERLEIMBAREUREHENRRRERKEMRNLERLE

Table 2 PWU and E of the simulated yearly rainfall seasons on uncrusted and biocrusted soils

e BB AWK E Cumulative PWU/mm B - M6 % & Cumulative £/mm
R T T T T
Year rainfall/mm Control Cyanobacterial Lichen Moss Control Cyanobacterial Lichen Moss

crusts crusts crusts crusts crusts crusts

1990 190.1 158.2 176.8 181.8 198.4 152.9 145.9 144.1 139.1
1991 118.5 106.3 118.0 121.6 132.1 99.4 94.7 93.5 89.8
1992 200.5 151.1 162.4 165.7 178.1 156.4 151.5 150.2 146.8
1993 180.6 152.3 166.1 170.0 181.1 145.2 139.5 138.0 134.0
1994 352.9 202.4 213.2 216.5 226.4 254.3 248.1 246.6 241.4
1995 290.3 208.4 217.1 219.8 228.2 223.6 217.9 216.3 212.5
1996 273.6 211.8 228.8 233.7 252.1 216.9 209.6 207.7 203.5
1997 199.6 147.3 159.4 163.1 175.0 151.8 145.8 144.3 140.2
1998 185.1 152.3 165.4 160.1 169.3 145.7 140.3 135.5 130.6
1999 238.3 156.9 168.5 172.2 184.8 170.8 165.1 163.5 162.0
2000 129.9 95.8 109.1 112.9 125.3 105.9 100.8 99.3 95.6
2001 321.5 203.6 231.1 215.9 247.3 236.6 237.0 228.3 230.0
2002 292.2 210.9 231.1 229.2 247.3 222.2 207.7 213.6 200.7
2003 188.6 139.3 154.7 159.1 166.9 149.9 143.8 142.1 136.5
2004 218.9 171.8 193.8 200.2 216.9 176.8 168.5 166.6 160.6
2005 140.4 113.7 128.8 132.9 147.3 114.7 108.6 107.0 103.1
2006 142.5 118.8 135.1 139.7 155.5 118.3 112.1 110.4 106.2
2007 168.9 129.8 144.1 148.1 160.4 133.5 127.6 126.1 121.7
2008 228.6 146.7 157.0 159.9 166.2 167.4 162.4 161.1 156.7
2009 218.7 174.2 184.9 188.2 195.7 168.4 163.2 161.8 157.3
2010 131.7 115.1 130.4 134.6 149.9 109.3 103.5 102.0 98.2
2011 257.0 165.7 175.3 178.1 187.8 188.2 183.6 182.3 178.6
2012 237.8 186.7 198.1 201.5 212.5 181.3 175.7 174.2 169.7
2013 243.0 189.1 206.2 211.1 223.0 192.8 185.5 183.7 177.7
2014 241.5 160.7 178.1 183.3 198.7 187.4 180.4 178.7 173.6
2015 224.4 156.3 167.6 170.8 180.1 174.1 168.4 166.9 162.5
2016 233.7 163.5 178.8 183.2 196.3 181.2 174.0 172.2 166.7
2017 274.7 193.1 205.9 209.6 222.2 208.9 202.6 200.9 196.6
2018 268.3 211.0 226.6 231.1 246.2 208.4 201.3 199.4 194.8
2019 237.9 189.0 206.1 211.0 226.4 184.9 177.5 175.7 170.2
4 Average 221.0 162.7 177.3 180.2 193.2 170.9 164.7 163.1 158.6

PWU A /K WU Plant water uptake; £ +-37& % # Evaporation

M7 v UAE H, SRR L Bl R RN A B K A IR R e B R A R R R
P HABAAE S WSO, MR R T, 2R R B A Ar e K 28 5%, B A0 AR R T i 4 R o
TR LR AE O (7)1, s Sh B AR EE 2011 4F RN 2013 AFEAR LT R& Y 540 31 R 257.0.243.0 mm, 1
SR R B30 182.3 183.7 mm (£ 2) , MK 2 I nT LI X IR Badh iz A 25 fe FIsE 45 i 30 4F
R AR 78 A B S 53310 170.9 ,164.7 (163.1,158.6 mm, 5XF BRAHLL 45 By AR 45 je FRaE 25 Ke (1Y)
TR T (E) R T 3.6% 4.6% .7.2% (% 2) . M7 FTLUE A48 e AR BRADS BRI B ORGSR
I i 5 A T 1 o S R B R A U B B A W A BN, 7 — e R 0GR T ARG B R R
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Fig.7 Evaporation and E ratio (E,, .../ E ) of the simulated yearly rainfall seasons on uncrusted and biocrusted soils

uncrusts
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Table 3 The fraction of the season during which the root zone was under water stress of the simulated yearly rainfall seasons on uncrusted and

biocrusted soils

IR A T & H B3] Stress fraction of the rainfall season

g S
Year Seasonal rainfall/ mm Xf & Control AL Lichen crusts
10 em 30 cm 50 em 70 cm 90 em 10 em 30 cm 50 em 70 cm 90 em
1991 118.5 0.77 0.85 0.81 0.77 0.6 0.71 0.82 0.8 0.75 0.48
1994 352.9 0.46 0.52 0.53 0.48 0.00 0.38 0.48 0.5 0.45 0.00
1995 290.3 0.44 0.41 0.36 0.28 0.08 0.36 0.39 0.35 0.27 0.06
2001 321.5 0.42 0.43 0.44 0.35 0.11 0.37 0.46 0.42 0.35 0.08
RS B B R K M (R L 4
Ay EA Reduction of stress time/%
Year Seasonal rainfall/ mm WA ZE Y Lichen crusts
10 em 30 cm 50 em 70 cm 90 em
1991 118.5 7.8 3.5 1.2 2.6 20.0
1994 352.9 17.4 7.7 5.7 6.2 -
1995 290.3 18.2 4.9 2.8 3.6 25.0
2001 321.5 11.9 =7.0 4.5 0.0 27.3

T340, B 8 AT LA Y AEA AT 55 X8 SFS Bl 3 R B 0 38 2 PR AR 3 (B TR Z M A2 4h) o 1l
1,75 10.30.,50,70 .90 em +3EIREE X MEAE B A 55 X Ay SFS YB3 9124 0.58 .0.64 .0.63.0.55 .0.15( & 8)
H & 8 1] LA Y, TEAR 1% 78 26 X 3k, Hb A 25 Bz b 38 SFS WIS T X JR . i, 7E AT 1 78 25 X 30 10 em TR BEE (W
DU 1 DL 1) 6 B A A 45 Bz AL FR Y SFS 43514 0.58 .0.50 (&l 8) . 5% BEAH Lb , A< 2% Bz &b PR ) SFS
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Fig.8 The fraction of the season during which the root zone was under water stress and the reduction of stress time during which the root

zone was under water stress caused by lichen crusts in the plant—covered area
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