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Effect of biological soil crust succession on soil texture, nutrient contents, and

microbial populations of dune surfaces at the edge of the Minqin Oasis
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Abstract; The Mingin Oasis is located in the northwest Hexi Corridor, and the northern, western, and eastern edges are
strrounded-by the Tengger and Badain Jaran Deserts. To manage sand and prevent sandstorms, large tracts of Haloxylon
ammodendron plantations have previously been planted on fixed and semi—fixed sand dunes of the Minqgin Oasis fringe. At
present, many biological soil crusts have formed and are developing in the fixed woodland. To ascertain whether the
formation and development of dune biological soil crust affects soil texture, nutrient contents, and microorganism

populations, the woodland of H. ammodendron plantations were divided into a no crust stage (NCS) , physical-algal crust
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stage (PACS), algal-lichen crust stage (ALCS), and lichen-moss crust stage ( LMCS) according to crust coverage, crust
thickness, and underlying and ground covers. Here, the contents of soil clay, silt, fine sand, and coarse sand particles,
organic matter, total nitrogen, available phosphorus and potassium, and the populations or biomass of bacteria, fungi, and
actinomycetes in the 0—1 cm soil layer were measured and studied. The results showed that 1) the formation and
development of biological soil crusts from NCS to ALCS not only considerably increased the content of fine soil particles
(0—200 pwm) but also decreased soil coarse particle (200—2000 pm) contents. However, there was no significant change
in soil particle composition during the succession from ALCS to LMCS; 2) the succession of biological soil crusts obviously
influenced the contents of soil organic matter, total nitrogen, available phosphorus and potassium, and their: contents
gradually increased with succession; 3) during biological soil crust succession, all quantities of soil bacteria, fungi, and
actinomycetes showed a trend of initially increasing and then decreasing, peaking in PACS. Simultaneously, the soil total
algal biomass continuously increased. Furthermore, microbial quantities or biomass also presented a trend of initially
increasing and then decreasing from May to December; and 4) in succession from NCS to PACS); the change of soil particle
composition was one of the main factors causing variations in soil organic matter, total nitrogen, available phosphorus and
potassium, bacteria, fungi, and actinomycetes. During succession from PACS to LMCS), soil algae, lichen, and mosses
were the main factors improving soil organic matter, total nitrogen, and available phosphorus and potassium contents. It was
suggested that the formation and development of the biological soil crust distributed in-the surface layer soil of Mingin Oasis
fringe dunes not only ameliorated shallow soil quality effectively, but alseplayed.a considerable role in improving soil

ecosystems and protecting the ecological environment.

Key Words; Mingin Oasis; biological soil crust; soil particle’size ; nuirients
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Table 1 Characteristics of biological soil crusts and vegetation in the successional stages
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Fig.2 The schematic diagram of sample area and samples layout
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Table 2 The soil particle composition of 0—I1cm layer in different stages of biological soil crust succession

25 B8 Y B ANl A2 AR AR BUE 43t Volume percentage of different size soil particles/%
Stages of Sffil crust 0.01—2 um(Hik:) 2—20 wm( HHki) 20—200 pm ( 4iESHL) 200—2000 wm (CHLIENRL)
formation Clay particles Silt particles Fine sand particles Coarse sand particles
NCS 1.28+0.21a 4.45+0.45a 42.62+3.65a 51.65+1.55¢
PACS 4.48+0.37b 15.74+1.23b 49.76+2.67b 29.99+2.34h
ALCS 7.26+0.56¢ 24.48+1.74c¢ 62.58+3.67¢ 5.68+0.33a
LMCS 7.52+0.37¢ 24.07+1.56¢ 62.91+2.54¢ 5.50+0.24a
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Fig.3 The dynamic change of soil nutrients in the process of biological soil crust succession
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Fig.4 The dynamic change of soil bacterial quantity in the process of biological soil crust succession
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Fig.5 ¢ The dynamic change of soil actinomycetes quantity in the process of biological soil crust succession
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Fig.6 The dynamic change of soil fungus quantity in the process of biological soil crust succession
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Fig.7 The dynamic change of soil total algae content in the process of biological soil crust succession
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Table 3 Correlation analysis between every two parameters of soil particle-size distribution and nutrient and microorganism contents/in the 0—

1 cm layer
g ) ) ) T W 5 o S TR (S T TTY s
2 'd i o W O ﬁmfﬁ JE)%‘Z%EF o) fﬁ@i %E\ KL )Hj.*i i ("/*E HLEDRL
Total . . . Organic ~ Available  Available Total Clay Silt Fine Coarse
Factors Bacteria  Actinomycetes ~ Fungi . . . . .
algae matter  potassium phosphorous nitrogen  particle  particle sand particle
S Total algae 1
Y74 Bacteria -0.427 1
T H Actinomycetes -0.259 0.825 ** 1
FL Fungi -0.221 0.808 % 0.493 1
AU Organic matter 0.969 ** -0.498 -0.352 -0.203 1

AL Available potassium 0.889** -0.107  -0.422  -0.097 0.753** 1
F 34 Available phosphorous 0.979 ** -0.284 -0.442 -0.129 0.908 **  0.955*" 1

4 Total nitrogen 0.941** -0201  -0219  -0.131 0.834**  0.989%*  0.980** ) 1

Kk Clay particle 0.721** 0290  -0.148 0.353 0.595*  0.894 "% 0.820** 0.866°% 1

Fri Silt particle 0.783** 0206  -0.246 0.305 0.672** 1 0.914*% 0.876** 0.896** 0.994** 1

A1YbHE Fine sand 0.826°* 0.09  -0.295 0.109  0.688%% 0.974** 0917** 0951 0.967°* 0976** 1

HIEPHL Coarse particle -0.800** -0.167 0259  -0.223  -0.674*" -0.945** -0.895"* -0.924** -0.989"* -0.995** -0.993"* 1

FIEAHSE, ARG, = WEMIDE(P<0.05) , = = B i M & (P<0.01)

AWFIE R IR, 7E 345 Bz N NCS 3B B B PACS (ALCS LA K LMCS s FE b, 338G HLR | R sk
B AALBEEEE R, X R RS EOP RS R B B VSR, MU T RZE A BHAE R R SR A
TR A, - HELE B S & F AR, SR AR D S A RS R A D e T U A, A
R DE T A MU AR BRI R, R i s A KO R L T R R SR A N
Jo ek AR A it AR ) SRR O P, RN VD B AR IS O S R R GE T R E
Fiht, P R ).

ANFIZE 2 B BB 0—1 em J2 S HERA W AN TR R TR | PR AR DA B R e A ) e BB X AR AR A
] — B [A] 25 (5.7 9 LI 12 H FA)) ATRIEE B2 B BE (NCS  PACS  ALCS LA M LMCS ) 5% [7]— By BeAS [ B 8] 5 14
FEEARAL AR AR 3 A - G R0 TR A5 L R S i A A o ) R 255 (i) RO PN 459 22 B0 S8 TR 0/ ) 5 ik 7
B e 2 (AR T2 30 S ORI N PR AN AR A s ) ROBE b S B Se 3 KR el e, WFoE Rk R,
R R B A W AR A AN 2 A R F R [R) B Sl 0 =2 TR A B Rl 9 AR R, AR
W58 FARGUE Y IS AR AN 1252 2 T F IR LAY, 22 F AR EE R 78 R[] 4 (8] RUBE s sk i) ke =2 AR L 45
5 TH R — 5T

A RS R R AR SR Y IREE B R B 8 A R e AR O A B A £ A R T
AR F A EAEH S HIAME R, AR EISEAY &S LR B4R (0.01—
200 wm ) [H AR 0 2 IEARDCOC R, 5 IR Al | R HEARL (200—2000 pum) S0 02 A EE R
TR T2k TR B FL R [H) 34 S A 0 3 TE A DG OG R M AT 5 - 357 4 1) 222 8 35 40 AH DG OC R 54 8% 4 1) I
HE YR B IE MG, ARG ORMR 2 | 4078 B35 S Ve IR HY i 2 EU A 0 AR K 0 B
ISR B B SE BRSO IR E YR, HEMAE RS R R R IEM RS, AHFITIA
N+ R TR 5 LI 2 IE AR DG OC R DA S R o 5 A W 2 1) TO AR SR S B4 P e R 2 TR LA i
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LR TEREAN AR A R 32 24 DR 758 0 T 3 4 % A0 A T L S T80 246 T o il LA B A4 7 %o 50 AT A0 o) 45 /N T
MR F-5m

T LB S 08T, ABFGECATE NCS (1] PACS J8{8 i A5 b - S50 20 1l A el 72 2 - Sk e S
TR AR FEZLIR SR T PACS 7] ALCS R i rh , 408l S Rk B S b A %) i B o 3 R 0 AR R
I 285 B2 B BB S IRTR N A0 /N 7 Rl AR T ORI AL A% s 76 ALCS [0] LMCS 23 3 rp, - 585E 08 ok | 2
FR S TSRS SR EEE WA T, HIL, RSN D AR ) 3RS BOE NS & B R SO GE T
E e T R S X A S R G AR SR R L,

4 Zhig

(1) RN 2 b B/ - Mk He A NCS [ ALCS SRR LR A AR 5 10 FE 0— 1 em 2 RulEm v
(0—200 wm) AFE 40 i, Al B REAOHL VD A (200—2000 pum) 751,
(2) S48 BB B BT 1 4 0—1 om ATHLIR & M S A it L e 0
B - W) 45 R W T R A K

(3) 65 50 5T VN PACS) AT I I L kAL SR SRR A 40 e, 3
SO ik B Y B BT s 5—12 P 4 R A R R S IS R e S, i
HRHAETH9 H,

(4) 76 NCS [ PACS (B3t B v, - HE0RL AL 9 8026 R - M8 Bl Rt 3 43 2 A 1 0 3 )
18 PACS [ LMCS Bt e, H UGS A B L HR G - RT S ity T 2 A 7
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