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Vegetation and soil environmental factor characteristics, and their relationship at

different desertification stages: a case study in the Minqin desert-oasis ecotone
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Abstract: The desert oasis ecotone is a ecological zone influenced by desertification and oasisization, and is a major
research focus for restoration ecology. Based on the fifth national desertification monitoring, our research used variance
analysis and redundancy analysis to study the relationships between vegetation ecological characteristics and soil
environmental factors at four different desertification developmental stages in the Mingin Desert Oasis Transition Zone. The
results showed that (1) with the development of desertification, all the soil environmental factors, such as occupancy rate of
wind erosion, topsoil gravel content, and saline—alkali spots, showed an increased dynamic trend, while the effective soil
thickness showed a decreased dynamic trend. Among the vegetation factors, species richness, total vegetation coverage,
shrub coverage, herb coverage, dominant species coverage, plant height, and abundance decreased significantly, whereas

the ratio of dominant species coverage to total vegetation coverage increased gradually; (2) among the soil environmental
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factors, the effects of the effective soil layer thickness on vegetation ecological characteristics at the four stages of
desertification were significant; the occupancy rate of wind erosion was the dominant driving factor behind the variation in
the vegetation ecological characteristics at the mild, moderate, and severe stages, but other factors were not correlated with
vegetation ecological characteristics for most desertification stages; and (3) compared to the mild, severe, and extremely
severe desertification stages, the response of vegetation ecological characteristics to soil environmental factors was more

sensitive at the moderate stage and it should be the focus for desertification control.
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Redundancy analysis
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H1 (One—way ANOVA ) XA [FIFE B Ak B B - 3 P55 A - RV PR 136 A 7 22 53 Wl 38R 53T (0= 0.05 ), il T e/
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AT S AE B R 7 ) 08 AR OG5 &R, 23 B I T T Dt B 8080 120 AT Log e 48, IR A 1w Wi 07 32 ¥ ( Forward
selection ) Fl1 5% F5 1% B K 55 ( Monte Carlo permutation test) BEATEREE R 10 e A i A 6 28

2 HREHS
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P Wy BEOLHA TR 32 2 Z AR A A AIREAR e LU 25 BEBETE ( Peganum harmala) FEWI AR K B 31N
RSAPF A RE R AT 50 A (53R BETR BRI ELNY 65.79% . WA TR AL & J 25 b BE B B, AR o i) 4R
B2 LLEPFIER TURBIRE D ST 243 A 5B BobE LS B0 L B 82.94% , SRR, b BE [y Be A Al v
Ak AL, ZARA A TR, BB BE R RS, T R B B, Jeh R (81 ) i EL B
PEIE g, ok H R T A M KB 45% o Y SEBIAL K J AN R R Y B, 2 AR AR FACHE W) L JE I R
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Table 1 Distribution of dominant species in different desertification stages
AT AL B s
P - The number of sample plots in different desertification stages K
REEL  CPERESE  WHCRSUE RIS o

Mild Moderate Severe Extreme

Serial number Dominant species

desertification  desertification  desertification  desertification

1 F13H Nitraria tangutorum 11 95 81 6 N
2 ¥e#2 Haloxylon ammodendron 13 88 43 3

3 Hi L Sarcozygium xanthoxylon 1 2

4 FEMI Tamarix chinensis 14 11

5 BESRREE Ephedra przewalskii 2 1

6 21H) Reaumuria songarica 1 27 14 1

7 YA Calligonum arborescens 2

8 VB Artemisia desertorum 1 4 4 2

9 ERTUR Kalidium foliatum 1 33 17 4

10 B EI Salsola passerina 1 2

11 2255 K Asterothamnus alyssoides 3 2

12 VKB Agropyron cristatum 3 EACEoN VN
13 ¥ H Achnatherum splendens 2 1 2

14 2T Sophora alopecuroides 1

15 HE Leymus secalinus 1

16 P35 Phragmites australis 7 4 1
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ANTR) e A B BORE B
P . The number of sample plots in different desertification stages e
Serial number Dominant species BESCEA REREUE EEOREA BEEREME o o
Mild Moderate Severe Extreme
desertification  desertification  desertification  desertification
17 B4 E%E Peganum harmala 5 4
18 E 74 Medicago sativa 4
19 BEBRTH Cleistogenes squarrosa 2 1
20 WAL Corispermum hyssopifolium 1 — AR R
21 FIFE® Setaria viridis 3 1 1
22 FREEEL Chloris virgata 1
23 W3%E Suaeda glauca 5 15 5 1
24 YK Agriophyllum squarrosum 3 8
25 WL Salsola collina 1
FEHIEL The number 76 293 ™ 03

of sample plos

WK 2, AT ARASAE ) A R 398 T b A AN [R5 WAk B B 28 AL AR AIE | B 5 e o Ak R 3 ) A 2
FROB A2, 52 BB B AR AR 1 R AT AORE M o 2 o BORE H S B0 19.74% , Z4% B B I Bt , UL A 2]
PR AR A A R Il A5 RN o BB B B, L A K U i B8 B A2 BR A A b 43 A 77.63% 1 66.21% , 1 i JiE
Wy BRI, 4B SMEPEIR 2 BREE B0 A B 58 B0 RE A 5 8%, SIS I, I Y B R W A K R T T 2 B A R
A7 L R EE T RAL Y 2.63% 6 &= 92 %,

A3 2 AT B TR AL W PR I | T kb e B W L A RLAR AR AR, R B, D RE A5 9.
21% ) LA DI A HL U 223K 57.9% , 5 28 v B i B, D8 R b o B BB R 2.73% , 10 R b U)K i 14
TNz 83.28% , M H LB BLAT , A A b - 1 b 3 b+

R2 TRFTELHRE BRI

Table 2 Characteristics of qualitative indicators in different desertification stages

Tt b B T AR AR 3
Desertification stages Vegetation growth condition Soil texture
)% Mild G(19.74%) ; M(77.63%) ; P(2.63%) S(9.21%) ; LS(32.89%) ; SL(57.90%)
1 Moderate G(6.49%) ; M(66.21%) ; P(26.85%) S(83.28%) ; LS(13.99%) ; SL(2.73%)
I Severe G(0.56%) ; M(36.67%) ; P(62.77%) S(97.78%) ; LS(2.22%) ; SL(0.00% )
WEHE Extreme G(0.00%) ; M(8.00%) ; P(92.00%) S(100.00%) ; LS(0.00% ) ; SL(0.00%)

55 I i % D S RAL B B 9 B 080 G A KRR, R 77 R AT R I8 M AE R Z BB R LA (A S e, KTTIER
SR IESZ B P E LR BIIE WAL KOS, R T B2 IR S W0 LS b+ SLo A

2.2 AFFSCHALRY B R EE AR (L ARAE

AT AL B Br AL T AR LA AN 36 3 s, A A 2R 4 Py Bifb B Be 847 7E 22 5 Ho ik
F i F KV (P<0.05) , Horp 82 B BE IR, 35 43.92em, HEEFIER JE R BRI 2, W JE B B ek, (A 2.28em,
T IEEREE A 3R AR S i KU | SRR BEAE 4 Fh S BB B A B 25 55 (P<0.05) X LA
PR - 7K P T B Bk B, 43901 R 8.64% 81.12% 1 6.92° | 22 J Wl it AV T J85 Ui 48 1 [ AP . R AR RE (5
A ARARRE 5 3R 18R S R AR AR, (R ASURR B B (9.80% ) b 3 i T H B T AL B Bt ( P<0.05) , B JE |
T RE R ER R B B () FR R o R 25 RN B 2 (P>0.05) o b el A, HAEEREE I 3R AR A B KR
7 L 3R DR R BRUBE (bR A A Ak A — B, Y B B S A R I 0 B R AE
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Table 3 Variation of soil environmental factors in different desertification stages

STEAb B B B EERE/ em KA TR/ % PR (5 %/ % ERHRBE 5 MR %

Desertification Effective depth Soil surface Wind erosion Saline-alkaline %f;i;g
stages of soil layer gravel content traces land coverage
7 Mild 43.92 + 1.20a 1.74 £ 0.09d 6.04 + 0.50d 2.72 £ 0.48b 1.16 £ 0.11d
FEE Moderate 27.63 = 0.58b 4.26 £ 0.19¢ 20.56 + 0.58¢ 3.95 + 0.37b 2.89 + 0.12¢
HE Severe 16.24 + 0.65¢ 7.16 = 0.38b 37.99 + 1.38b 3.41 = 0.69b 4.27 £ 0.22b
WHEF Extreme 2.28 + 0.66d 8.64 = 1.31a 81.12 + 3.85a 9.80 + 4.50a 6.92 + 0.94a

[FIFIAS ) 7 B3R 25 57 1 3 (P<0.05) . B HE BB s bR iR R R

2.3 A[EISEE ALK B AR AR R

FE AR TE A e BA 3 v WU, Fh BT 2 RIS R Sie AL B B L A 9 3 4848 (bR (36 L 2
JE) ERGIE RO MR BE L S Y T BT S AT AR B b 5 AL AR AR AR, RO RS
T AN S Y b R I R A, PR B ST Ak i & i, AR B | v BE | R RN R BE Y B U R bR v 4 O o 98.
47e¢m | 75.6cm ,53.02cm 1 32.36cm ; PEFFH 55 432 39.68% .26.13% 12.89% il 3.92% ; 3 Fh £ B 43 5l
9.86.5.89 3.14 F1 1.24; FE# M35 BEAY W2 56.62% 32.97% . 14.29% F1 4.00% ; Yy Fp 385 BE 43 5k 5.34 3.51 .
191 M 112, LA 5 FEARTEA R SEEAL B B i) 22 5 438 51 1 25 7K F (P<0.05) , #EAR TG ETERR L (25.24%)
IR (25.06% ) BB 22 55 A8 W3 (P>0.05) , HoR B Be A A7 7F i 2% 22 5 (P<0.05) . FEASAE YY) 35 B 7F 51 R (2.
85% ) AR FL B (1.12% ) BBt 22 53 R B35 (P>0.05 ) , oA B B i) 22 57 8. 3% (P<0.05) , AS[A) T oAb o 9 7,
DA 55 555 R A 55 1% U i e A ) o e 222 2 i 1 I A R A, L& 7K TR 25 5 W 3 (P <0.05) o i
NSRRI, Bl G PR A R, SRR 0y 3 S TG
2.4 MHEHF 5 B HFH RDA HEF

HERRGETD  FEYE N T2 PR 0L G52, R T B Fe 3k 3R EE SR (Rl A0 A B OC &R | AR
FERITCAIHT (RDA) J5 i P IR - S PR 858 DR 4 Sy i T 2 AW s PR Ay oo o 722 6, 4 A7 R 2 78
AR R - 5 TR R ) e HE P (8 3) o B, IR IR A A 65 Sk 0 M e 3R, M A -
FHA i Sk 9 SE LRI 5 H S A B A R A A - 55 M e PR 1 TR A DGR JEE | i e A | ARG BT 7 ] 1 DG Bk
PR PRI R 57 Sk 7 R AEAR R R 7 Sk 4 D 9 3 BB B (AR DX AE AR ), O AR A R 7 1 5
M A2 i Sk 7 2R 5 HE R i 4 e AR L IR T S HE R AR SR 1 KN, e fr N A S

H IR 3 AT, A3 JZJEE (Effective depth of soil layer, Edsl) AU IR 75 (5 #1% ( Wind erosion traces,
Wet) TETc 4l 4 O B i kB B, Ui B AT 2% 4 )2 J5 B R0 XUk I 50 5 b 5 X6 A i R 728 Ak AR iE 2L AT 48
SRIGAFRERE ST . BRI BT A B 2 B B B, A TR 1 S 32 2 8R4 B, 10 T 4 A s PR [ S BB AR J32 /N A
— FERERCR AN 2 5 A7 8 1 )2 R B 5 AR Bl bk =5 (Plant height, Ph) M AR % 35 B ( Dominant species
coverage , De ) [A]JE AR /N FLET 2k J7 1ol —F, 2 3000 1Y TEAH SR | A2 52 M L 35 v AL 3R 35 B 1) 2 3 R 7
RS I B, A AR R DR A Sk i A R A oA ARERAE A R - ) SCIBE M Y S 3 R A A AR R R R A5 A
R R IEAH R KUYRTE & #3681 & 12 (Soil surface gravel content, Sgc) M ERMHRIE (5 Hi % (Saline—
alkaline land coverage, Salc) W FHH FAHICPE B RERYBCER IR (5 M % 5 45 48 1% R 7~ [R) 2 B — &2 (R AE A
R AT S B i, WHAE A AE A A B9S2 A FR |, JC AR BRI IR FAEL A TR - 1) DGR AR AIE 5 v BE B B AR —
B, BCEBEBY B, FREE R R B R A Sk I O B, Hoh A R )R R B S AR S E (Herbaceous
coverage , He) FIHEHYE 535 & ( Vegetation coverage, Ve) [B] 5 1EAI I ; 3 kA & B XHE K 5 (Shrub coverage,
Sc) M #FP £ B (Abundance of dominant species, Ad) A —E B IERLN , 13X 7] BE- SV A A K A9 FE b 2 A
MR REA OC

RDA HEFF I (] 3) AN s e - PR DR 55 A i 26 285 DR ) A7 A A DG DAt A B 53 A1 1 A i A
SIATRITTERAREE . ST SR A IR B O L T NS5 RIS A Xt 5 D IREE R AT 4 RR W (R 4) (R
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0.05) 5 HH EER Bt , BRI R 5 XABL AR < 231 09 ik B 38 1h R B/ MU A R SRR JEE KU RS o5 il 3 3
JE WA SR R B (5 R BRERRBE b7 AR b AP DN 1 e e B A 2SR AR A A7 A R E R (P <O0.
05) ; F R B, PRI A iR 1 B8 e RBIMR YO A R 2 I8 BE AU IR G 5 b 3R L ik 75 B SRBE
Mo AN RE | FLr A 250 J2 5 B 5 DX R o 3l 30 060 A8 A SRR AR S ) 2 35 (P <0.05 ) 5 W T RE B B, A58 A
TR B R B IMRUC 2R L8R & 5 AR )RR R R XUIR T A AR R 2
AN PR X B AR SRR R TR S 31 2 2K (P<0.05)
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Table 4 Explanatory power and significance level of soil environmental factors in different desertification stages

AL b T eI AT e
Desertification stages Environmental factors Rank ordering of Variance explains of P F
explanatory power environmental factors

B Mild AR LR 2 33.3 0.002 6.31
JRVIRE TR o5 b 2R 1 37.5 0.002 7.74
RAIBRA T 5 5.4 0.16 1.59
LTI (4 4 11.3 0.072 2.54
oz 3 12.5 0.072 2.55

HHEE Moderate A2 R 1 56.7 0.002 54.89
RVIRETE & b % 2 21.4 0.002 21.12
RABRA T 4 5.1 0.008 4.5
ERTRIE 5 R 5 2.5 0.064 2.12
Yo 3 14.3 0.002 16.97

T Severe B )RRRE 1 72.0 0.002 39.16
JRVIIRE I o b R 2 17.1 0.002 9.74
AR T 3 5.3 0.126 1.88
ERORBE L b 4 2.9 0.17 1.67
g 5 2.7 0.178 1.57

WEE Extreme BRI 2 37.2 0.026 3.67
JRVIIRE TR o b R 4 8.1 0.496 0.79
FHRA AR 1 38.5 0.012 4.34
ERTETE L b 3 11.6 0.242 1.33
Yo 5 4.6 0.566 0.68
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