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Characteristics of normalized difference vegetation index of biological soil crust during the
succession process of artificial sand-fixing vegetation in the Tengger Desert, Northern China
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Abstract

Aims Biological soil crust (hereafter crust) affects normalized difference vegetation index (NDWVI) values in arid
desert ecosystems. This study aimed to demonstrate the feasibility of combining crust NDVI values with meteoro-
logical data to distinguish the crust successional stage at the regional scale. Meanwhile, the characteristics of crust
NDVI could provide the basis for the error analysis of NDVI-based surface ecological parameters estimation in
desert ecosystems. We also suggested the optimum periods for crust observation based on the multi-temporal re-
mote sensing images.

Methods NDVI values of five types of dominant crusts, three typical sand-fixing shrubs and bare sand were col-
lected by spectrometer in the field. Crusts and shrubs were randomly selected in revegetated areas established in
1956, 1964, and 1973 at Shapotou, which is on the southeastern edge of the Tengger Desert. We used the
space-for-time method to study the characteristics of crust NDVI values and their responses to precipitation and
temperature during the succession process of artificial sand-fixing vegetation. Additionally, we evaluated the con-
tribution of crust NDVI values to the whole ecosystem NDVI values by comparing the NDVI values of crusts,
shrubs and bare sand.
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Important findings 1) With succession process of the artificial sand-fixing vegetation, the crust NDVI values
significantly increased. Among different crust types, we found the following order of NDVI values: Didymodon
vinealis crust > Bryum argenteum crust > mixed crust > lichen crust > algae crust. 2) Crust NDVI values were sig-
nificantly affected by precipitation, temperature and their interaction, and the influences showed significant sea-
sonal differences. Furthermore, we found significantly linear correlations between crust NDVI value and precipi-
tation, and between crust NDVI value and the shallow soil moisture content covered by crust. A significantly
negative linear correlation between daily mean temperature and crust NDVI value, and a significantly exponential
correlation between the surface temperature of crust and its NDVI value. With the succession process of artificial
sand-fixing vegetation, the response of crust NDVI value to precipitation and temperature became more sensitive.
In addition, the response of crust NDVI value to temperature was more sensitive in spring than in summer, while
that to precipitation was less sensitive in spring than in summer. 3) Moss crust NDVI value was significantly
higher than that of shrubs and bare sand after the rainfall event in spring, while shrubs NDVI value was signifi-
cantly higher than that of crust after the rainfall event in summer. Considering the coverage weights of different
ground features in sand-fixing areas, crust NDVI values contributed 90.01% and 82.53% in spring and summer,
respectively, to the regional NDVI values, which were higher than those of shrubs (9.99% and 17.47% in spring
and in summer, respectively). Additionally, with the succession process of artificial sand-fixing vegetation, crust
NDVI values contributed more, while shrubs contributed less to regional NDVI values.

Key words normalized difference vegetation index; biological soil crust; vegetation succession; precipitation;
temperature
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A IR B (IR ES B ) 2 T R ID X HE 11
REWBELZD, EPXTIRAER. KSR ERL
PEI SRR R IEE HEAEH, HKE KB RHE
AR B R bR R AT R AR S R SR MR A
B (23245, 2009, 2014; 25858, 2010). Kk, 76
XIRRE b, 45 e B2 80 T X AR RGE
HEFEENSHEMEE RS, 2014; Weber &
Hill, 2016), BRI T 5250 = M B HUR LS, £1%t
g5 Rz 175 18] 73 A RE /(K Je B A, 2004; Maestre et al.,
2005; ZHToE%E, 2016). #5H A8 & /3 (Kleiner,
1983; Eldridge & Tozer, 1997; Zaady & Bouskila,
2002; Dettweiler-Robinson et al., 2013; 2o 4E,
2016) R At B At 5 (2 5 5%, 2009; Grote et al., 2010;
M, 2014 OB EZME, HBTEEEMa S
A KAV B 5 52 BRI . IR I A5 PR 2 R R,
o2 o S B B(E S AR, 2006; F2ZE R F7K TG,
2010; B FUAKEE, 2010), 515 Ll 70 25 A3 A
DAV T 2 DXIBR S o T 38 B AR AE B R R B T
FUIT A W R AR, AR R &5 i 75 4%
SR VP A BRI A A A S Th
REEft 7 EH EHLiB(Weber & Hill, 2016).

T JBE N AT A ) B AR L 3 A A
AT IR MG R GRS 55, 2003) . HlL

VTG REAE & HE MO0 K BRSOl . IR Rods
SR K A AREAE o AN [R) A R B T I 4540 %
FIT Ak b2 PR B 1) 22 e 1 B A & OGS REAE, [R1R
HA R I ST A AR i o X 2 AR ) FH R
B S UINAN [F HO ) (R AR A i (R GBX e i 4, 2003) 0 15
— A HE R EU(ND VIR R R AEFE 4 A K T 2 S A A
5 AR R R, W TR S 0
KRR AT A2 MR ' FHINR
A 77 B (NPP) 25 1 1 A2 78 2 3004l 3 OFX 3 1 2%
2003; Pettorelli et al., 2005).

H 201 Z90F AT 4fs, [ P Ah— b 535 L T %)
G5 R SRR I 43 BT ST ST T AR RE G AR R
4 K7 78 76 45 B F5 B (Karnieli, 1997; Chen et al.,
2005; Weber et al., 2008; Rozenstein & Karnieli,
2014), H A 2EE NN A NDVIRIL, 5 18 B RE %
PE w45 B 7 15 15 IR HORS ¥ (Rozenstein & Karnieli,
2014; HBFHHEE, 2015). WA 2 2500 FINDVILE
TR EIX 7y &6 B 5 45 HE ) (Karnieli, 2003) . {H
AT, [FREH T 25 B AR B2 AR v B Al T 4
T 0 F 4 i 1 Ak s T NDIL PR 7K 23 A8 S 1k R 24
A7 M (Karnieli et al., 1996; Karnieli, 2003; Fang et
al., 20158k, 1 H AR & b Begh AR TE s 4t
DG E A2 BRHE J7 T 22 74K (Zaady et al., 2000,

doi: 10.17521/cjpe.2017.0105

©U 00000 Chinese Journal of Plant Ecology



974 FEMIEZ R Chinese Journal of Plant Ecology 2017, 41 (9): 972-984

AL, 2005; Housman et al., 2006; 5155, 2009;
TIEFESE, 2010; E %%, 2014; Zhang & Zhang;
2014), 4345 bt Hh o A8 1h 22 5 e K (2 55 2%,
2006; FEZE[EIAIGKICHA, 2010; & FCkEEE, 2010), 5l
T 52 T R X NDVI AR 5 1, 160 T 38 JK
PG A 3 (1) TR X 17T B AR T LANDVIER B A S 53R4T
T 25 252 B0 8 S A B A M ATURG FE (K armieli et

al., 1996; J5itki fak i, 2011; Fang et al., 2015;

Rodriguez- Caballero et al., 2015).

HARCAHDEHFUESL T ARBEENB. AF
RIGE Re FDGIRRHIEAAAE 2 57, TR AAIRIE IS 73
HTRENS VU &5 B AR S 2H BRI B B B (Zaady et al.,
2007; Ustin et al., 2009; Chamizo et al., 2012), {H&,
XLEHIF TP S 4l B A SR, R sk = R A 2R Y
G5 B AR B B B 22 S U BRI, AT Al e
I AT et R VRN I T e 5 7 2o A v AN [
B B 45 K NDVI R AR AR AIE Ko 0k o ZKONTR B2 A2 4K
o 2RI, PR AN (R B BN [RS8 L R A2
TUAS [F)386 5 5 41 45 SR NDVIFE VD X AR S RGP Y BT
R S VAR R AL, Dy 45 B T 1 ST 7T e it B
SR, A OIX — X 45 R R I B AR I A
PR E S

1 #MRA7EE

11 WHREXER

ATRERAE [ L7 e vb 3 Sk BT 7T 1A Bk
2R AL TR R X N (37.45° N, 104.95° E,
MR 330 m)dhAT. ZXATIARIR10.0 C, KRR
ff-25.1 C, HiRWAE38.1 ‘C, FfF/KE1862 mm
(1956-20124F), 80% I FF/KEEHTES-9H, 5-7TH K
BHREZ 24 C, FEEZER T3 000 mm, FXUAHN
PEIER, EFEXGH2.9 mes !, JB T IR AL
JR ) B AL TR IV X o 12 X T B B R 2
KRR B YD B, Vb Bt b 1) 45 R
R, RIERIR AR, D IR R B A Y& (Agrio-
phyllum squarrosum). ¥ {£% (Silpnolepis centiflora)
GF—FARAEY)(Lietal., 2014).

N B ¥ B 22 A B D Bl Sk B X I R 1 LD f
AR % 22 4208 4T, 19564 7 Bk i ma AL i ) 72
SO NTHEBAEST R R, ZJEEAFFAR
(19644, 19734, 1981455 NiZ LY # . &l
N2 WMLMES, RN LR AEIRZEAR,

www.plant-ecology.com

2 [H Vb R 4% A 7 4% (Caragana korshinskii). 71 5
(Artemisia ordosica) Fl11£ # (Hedysarum scoparium)
& o 45 ABWIE BT K B AR ) 32 B TR ),
5% 75 i 7E90% L b (Jia et al., 2008; 7= 5,
2010). & & H A 45 R AR R+ E, F2A AN
fo %Y % (Microcoleus vaginatus) « X 2% 2% R
(Hantzschia amphioxys) « F& 3k 4 JE # (Navicula
cryptocephal a)&s i 2 fl EL &% (Bryum argenteum)., +
A= %} 14 #%(Didymodon vinealis). 14 Il 77 &F(Syntrichia
caninervis)S5 ¥ 25 I Bk Jii 4<¢(Collema cocophorum).
47 4% (Endocarpon pusillumy) . & % 4 (Psora de-
cipiens) LA (ZRFT 2R, 2010). #EREE 5 T 2 /0 AR 7E
T A AN e (ARG HE, H AR 25 K2 A0 AR AE R T, PR 4h 2
I3 A AR 22, TR AR &5 R IAE 5 Hh 3R AL B A 4y
i, GRS ZER. KB F120m £
AN [E] BB

12 HRRE

AR T20154E4-8 H HEAT o A 2 ) IUREAR B
B IR) A0 7775, JEEN19564F . 19644F F119734F [ 4
[ 70 X ANBRYDAE B FeRE b, 53 AR Z X [ VD 1
e 4B B B (WY HEHE 159 51, 42F104F),
[F I AR 4 B AN R B P 4. 7 PPl N T[]
VO B T I R R 45 S NDVIHE R /DS, 358 43 Sl i
B 785 BOWIRE T AEAYLIN R 7 (— A FEA
Wi i B2 B P K AR BR AR A EROR, PRI iR Ee R R
TAREYIRETT) . M7 RCE RARB IRy HRIIX3
AN I B X, BEMLG B3 AT R, AT TR
Rk I 20 m, R HET L8 A I IR D X & 1A B
PR m x 1 m), RIEIRRFEN, E5HEEM
B RE A DX A AL E 10 m < 10 mEKFETT;
o JEARTERT T N 25 B 2R HEAR T 73 79l 1 B 45 1
VEARK I ] W /INRE Ty, R 3N (EARMREUIN T
3N HZ L PRI )

SNy ok 4 5 R D 6F 45 R ND VLD e, 8 o 4
FE/ANFETT (1 mox 1 m) A7 W78 il L2 356 1 4 A R A
& D P A (0 JF [ B, A 7 N A R R R R I
98%. ok JHITEFILEHE HEA /INFE 7 AR e i /)N
WHE, S REAR N 45 B EEARNDVI 48, Wil
INFAE AR S0 TR DR T e M ) R AT
1.3 LHERFEAREE. NDVIUNETSE

Zx 4R 5 55 (2000) A1 22 37 28 (2010) 1) 75 ¥4y
AVREEAE 7 P REAR () Je 55 FEE RN 4y 5 B J 485 1 1) de
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FE AN 43 55 B . A8 2 3l 38 K O% 1 {X GreenSeeker
(Trimble, Sunnyvale, USA)XAEHLYINDVIEHE, 1%
AXER I B S5 R e R RO AR R AN
LA, FEWSCERI R R S RIS IR 1 O, il
AN H IR A R TR B 5O, HRGH
A3 HILANIR (780 + 6) nm)AIR ((671 + 6) nm)
BBtk ENDVIE, 61 AL K/ H(60.96 +
10.16) cm x (1.52 + 0.50) cm, HiJ A C&RHX %53
17 TRGE . IS IHAT A 2L AR AR L A )2 A=
Wigh e BRI REPPAT IFORFF A — B = 22(0.8 m),
FRRMEAERE T AR E, AoV & =R L1~ F1)
B N Z/INEE DT - FINDVIE, [N & /NEE 5 1
W EAE P21 E R TT AR B GG e . EAR A A
BRIDEFINDVIME . Bk X 25 e NDVHEL I BCR, A%
B 0K LI T 10 H P TG B AR 8 R0 B O+ 45
NDVIE, 7EFERSE A5 12 H sk H R iiE
145 B NDVIH -

A F 338 7K 734 (TDR300, Spectrum Technolo-
gies, Plainfield, USA)[F5 M & & MEJ70-7.6 ecmt
= IBARRE K, A N e 38 EANTDR
TREHE A B TR . 5 CRIET 10K N TERE7K)
I, KSR, T ET AL, SRR
R RS K E IR E AR S K E . RN 2L
JE£I £:1X (Minolta/Land Cyclops Compac 3, Land, She-
ffield, England)IEHFE 7 A 25 B R TR, I ENE
PRAUEAE S B0 1 B 18] P9 58 1, DA oK BH 4 A A8 4
X AR 23 1 3 TR PRI 2 s A ) SR
T (BRI 25 S ) F R B A L IX 50 mZE 45 (1) H 3l
K% vl (Milos 520, Vaisala, Helsinki, Finland )il .
14 HuRSH

K H Origin 8.5 34T % b B 5 4 &, F| H
SPSS 21.07 ¥ [K 3 U5 72 73 BT idk 73 Wi AN [R) SR AL 45 R
NDVI ) 22 57t 2 35, I 35 PEAS 36 R Y o /N I 35 22
FIE(LSD); B 2t B A 7 7% 73 At 45 B2 NDVI B
] 0 A v A ) AR A Ay N e e R Y
BR H0 70 9 ST 45 7 NDVI Bt B /K i, HL 78 o T 338 vk
= EKE. AR AR IR A&, R
VA7 P A8 A 3 26 (4 1t R AR} 20 I FR Y o B —
B 5250 73 A 45 2 NDVIGE 7K 43 B 1 B A8 A 1 vk
Wi ] DA e v 5 P AR A . B D B )A 3 A
FZNDVI Bk & A 45 578 o R 2 Bk E .
g MR FE RO &, R 20 25 fZNDVI 1) 3

K2R o K FH A 5 20 B35 20 M 45 B2 ND VIR 7K 40 R
FEBUB MR AL . Horh, SRR IX 1 H P
BRR, BRI ET— H A 0000 s B 7T X ) R
Bk, NDVI. &5 78 o 3R 2 S K & R 4 ek
TR T 9 B OB . AT b, HIYINDVI B 1
)T SR AR S 1S T LTS

T KR 6 RE VR & ] DA A A — R 2t
TRA (FERAEEE, 2006), A 5T A [E 70 X & 1A
NDVI 5 3 55 B BCE R 2o PERE AL, o 550 ] 0 b 4 6
AN F I B () EL EENDVIME . EE EENDWVIE] A [ b
[X b ¥ NDVI IR AL, 8 B R B ) 76 B A
FREL AT R RTHEAG [0 X 2R GiNDVI T ik %
KB 45 Bz FNJE A 1) b FENDVI 43 531 % — 3% SANDVI 1)
DR, BP DTk Ze=VE K B4 B LU EENDVI / (REA L
NDVI + 45 f7 L EENDWVI)

2 #R

21 BREBELDEATIBICE#ESIEYEY LT
1ELERINDVI B L4

ST 2 Kz NDVI S5 [ [ 0 s 49 v 8 i 16 K, HL
1B 25 B2 NDVI 5 8 1 b 49 J58 25 F 1) 2L A5 B s FO A O
PE(p<0.05) (K1, El2). [F— AR XA FZR
S5 P NDVIAH LL, #2884 R >V AR 45 e > Hh A 2 e >
FELE Ky, Forp AR A B 45 B NDVILE 35 5 T LAt
KM (p < 0.05), HAEL FNDVIE 2 5 T HiAK
SE I RIELE T (p < 0.05), TRA45 ZNDVIS i 45
FeNDVI 2 AN i 3% o 7E 1965 4F [ v0 [X Y A 45 1
NDVI 55 J 25 i NDVI 2 57 & % (p < 0.05), 1M7E
19644F 19734 VP X i # 2 F AN B3 . o, F
25 2 7 W E (p < 0.05) (K12).
22 BREBVCEATIBESHEEIENEY LT
L5 B NDVI X P 7K FRiE E 59 0 2

4E eNDVIAZ [ K & A 8% 95 35 18] 1 22 LA
SO H A W )25 2 7 (p < 0.05) (K1, &
2). 45 ENDVIS 7K & J A8 75 LI = & K 21
ERFLHEIEMHIXKLR@P < 0.01), 7 HLEZNDVI
X6 7K TR e [ 70 A ¥ 8 1 1 (P 3) o
45 i NDVILEAR 5 H P850 5 0 35 28 P 7R G 5%
F(p < 0.05)1 5 45 fz 2R THI LS 52 0 35 e Al 0 A G 5%
Z(p < 0.05), I H.&5 2 NDVIXHE 1 U b [#
YORE R T SZ TG N (Pl4) - 5 FEND VIR I AR AL
BEMESZETEZ, KB UREEREE S
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Fig. 1 Seasonal changes in normalized difference vegetation index (NDVI) values with the succession process of the artificial
sand-fixing vegetation. 1973(42), 1964(51), 1956(59) represent year of revegetation (history of revegetation (a)).

0.8

08 A %45 B Alage crust A B
0.7 | EB #1845 iz Lichen crsut 0.7
IR A4S 2 Mixed crust
0.6 B H#E4E 2 Bryum argenteum crust 0.6
0.5 | D + A= %1528 45 7 Didymodon vinealis crust 05
04 0.4 |
0.3 0.3 B B
B K
0.2 0.2 1 ¥ B K
g FEE MR | 1l
0 KB K 0 H H B S X K
S 8adfcaldfaaalNEaaaas QC&T@C&?Q:@@Q&TQC@
J eI T eececxIeoecTeocyIo
PI3IeRIeITaLI sl s PRI EARISRI SLIERIT S
2 2222222223232 222 222222222232 2222
B YA ST A (B Y4 BR (2)
Year of revegetation (History of revegetation (a))
E2 ks BB VR g B R A g A B A — AR FR EU(NDVD B RHE CT BRI ZE D). A, T-45
B, W45

Fig. 2 Changes in normalized difference vegetation index (NDVI) values of biological soil crust with the succession process of arti-
ficial sand-fixing vegetation (mean + SD). A, Dry crust. B, Wet crust.

R AW LIRSS B A B AR BINDV) S IS VMR RO AR I . Bkt . UL, 45 BRI BE R4 B 5 1 )2 B K e i 740 Il 9y e
Table 1 Stepwise regressions of the sand-fixing vegetation successional age, precipitation, daily mean temperature, surface temperature and shallow soil
moisture content covered by biological soil crust with their normalized difference vegetation index (NDVI) values

45 7 Crust type A HFE Fitted curves equation R p
FEER Algae crust NDVI = 0.146 + 0.006P —0.002ST + 0.001A-0.001T 0.494 <0.01
HiACZE 7 Lichen crust NDWVI = 0.002 + 0.021P + 0.004A + 0.002T — 0.002ST 0.663 <0.01
JRAZE H. Mixed crust NDVI = 0.163 + 0.027P — 0.002T + 0.002A — 0.002ST 0.801 <0.01
H#ELE T Bryum argenteum crust NDVI = 0.093 + 0.024M + 0.005A — 0.004T + 0.015P —0.002ST 0.707 <0.01
+AEXF Ui #E 45 2 Didymodon vinealis crust NDVI =-0.057 + 0.037M + 0.007A + 0.024P 0.819 <0.01

A, BV RS, M, 45 BB LRI R KL P K ST, S5 RRRTITIREE, T, H-PH<is

A, sand-fixing vegetatlon successional age; M, shallow soil moisture content covered by biological soil crust; P, precipitation; ST, surface temperature of bio-
logical soil crust; T, daily mean temperature.
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Table 2 The partial correlation coefficient of normalized difference vege-
tation index (NDVI) values of biological soil crust in spring and summer

fo=s H=E

Spring  Summer
25 [ RTAIEE Crust surface temperature —0.269**  —0.139%*
TIEARFIE KR Soil volumetric moisture content  0.146 0.473%%*
H-F#"< i Daily mean temperature —0.321** —0.069
%7K Precipitation 0.388**  0.629%*

** RN AR K Fp<0.01.

** represent significant level p < 0.01.
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Fig. 3 Responses of normalized difference vegetation index (NDVI) values of biological soil crust to precipitation and shallow soil
moisture content covered by biological soil crust during the succession process of artificial sand-fixing vegetation. A, F, Algae crust.
B, G, Lichen crust. C, H, Mixed crust. D, |, Bryum argenteum crust. E, J, Didymodon vinealis crust. Precipitation means the cumula-
tive precipitation during the previous 24 hours before the observation time. 1973(42), 1964(51), 1956(59) represent year of revegeta-

tion (history of revegetation (a)).
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Fig. 4 Responses of normalized difference vegetation index (NDVI) values of biological soil crust to daily mean temperature and
surface temperature during the succession process of artificial sand-fixing vegetation. A, F, Algae crust. B, G, Lichen crust. C, H,
Mixed crust. D, I, Bryum argenteum crust. E, J, Didymodon vinealis crust. 1973(42), 1964(51), 1956(59) represent year of revegeta-

tion (history of revegetation (a)).
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Fig. 5 Changes in the contribution rate of normalized differ-
ence vegetation index (NDVI) values of biological soil crust and
shrubs to the regional NDVI of sand-fixing system with the
succession process of artificial sand-fixing vegetation.
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