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Features of resource islands under Tamarix ramosissima shrubs and natural

recovery of vegetation on the burned area in Jiuquan, Gansu Province, China
WANG Shilin, CAO Wenxia®, WANG Xiaojun, LI Xiaolong, WANG Jinlan, LIU Yuzhen, XIN Yugqiong

College of Pratacultural Science, Gansu Agricultural University/Key Laboratory of Grassland Ecosystem, Ministry of Education/Sino-U. S. Centers for
Grazingland Ecosystem Sustainability, Lanzhou 730070, China

Abstract: The characteristics and formation mechanism of resource islands in arid and semi-arid regions were widely
reported. However, the effect of resource islands on community stability and vegetation natural restoration on burned area
was still unclear. We investigated restoration of Tamarix ramosissima and vegetation under the shrub canopies on burned
area. The shrub size index (SSI) and composite resilience index were established to study relationships between resource
islands, vegetation restoration, and diversity of vegetation under the canopies. We quantified resilience stability of shrubs
with different SSI. The results indicated that; (1) soil organic matter and soil moisture content were obviously higher under
and at the edge of canopies than those outside the canopies, which formed resource island. The maximum value of soil
organic matter was found in 0—10 cm soil layer. The phenomenon of fertilizer accumulation was the most obvious in middle
T. ramosissima. (2) Soil salinity was mainly composed of neutral salt. The soluble salt in the soil layer of 0—40 cm under

canopies was significantly lower than that outside the canopies. It showed obvious characteristics of salt valley in soil under

ESWE . [ERE AV AT H (2016 YFC0400306)
Wi B H#A:2018-11-26; P £& H ki I #3:2019- 10-25
# WIRAER Corresponding author.E-mail ; caowx@ gsau.edu.cn

http ://www.ecologica.cn



14 FEAEAR S BRI H AR M DA R B R S B ) IR IR 285

shrubs. It was easy to observe this phenomenon for the middle shrubs. (3) With the increase of SSI of dead standing T.
ramosissima , the number and height of branches increased, and the height, coverage, density, and biomass of vegetation
under the shrubs were significantly higher than those outside the shrubs. The larger shrubs were, the better effect of the
natural recovery was. (4) With the increase of SSI, Simpson index, Shannons-Wiener index, Margalef index, and Pielou
index of vegetation under the canopies decreased firstly and then rose, with low diversity index and the simple community
structure. (5) Composite resilience index showed a trend of firstly ascending and then descending with the increase of SSI.
The value of community stability of T. ramosissima shrub was the highest when SSI was equal to 52.17. Community stability
was mainly maintained by the restoration of herbaceous plants when shrubs were small on burned area. With the increase of
SSI, community stability was maintained by the restoration of shrubs. The soil environment with high nutrient and low salt
was formed from shrubs, which contributed to the restoration of vegetation. Resource island also played a positive role in
maintaining the diversity and stability of plant communities. It was of great significance to vegetation recovery on burned area

and ecological protection of desert ecosystem.

Key Words: Tamarix ramosissima; resource island; vegetation recovery; community diversity; resilience stability;

burned area
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Wi R TR ( Kalidium foliatum ) /1N % F H ( Nitraria  sibirica ) . 22 H ¥ 42 ( Lycium ruthenicum ) | %% 7% ¥
(Achnatherum splendens) %5 . A4 Fh 5 22 B Eh WA 3R FLkEER /9 —4F 5 245 A4E BEAR R W), 5% B (Aeluropus
sinensis ) JH 5L ( Leymus secalinus) M| )L ( Cirsium setosum) W% ( Suaeda glauca) 556 H (Alhagi sparsifolia) |
72 ( Phragmites australis) F1ZE ( Chenopodium album )%, 2014 4 3 H R0 & Az Ka, M A 9 ™ B i3k L
PEANEITE KLY, ARSI 5 B8 1) B R 5 - R s R S AR T R R AR TR
PEF IR HE A DO WE B N HABAE ) , FE R T REAAE ) 0 B it 7L<,
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TS MR K Bk = BRI SR LT A L AR B0 R0 42 B G S i DR 56 i, LAY 7R 194 e s R vy 32 A o
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Table 1 The state of Tamarix ramosissima with different size

TiH Ttem JIVEEM Small shrubs TR Middle shrubs

i Heigh/m 1.07 1.24 1.63 221 2.26 2.24 221 2.38 251 2.71
S8 Canopy/mxm 1.80x1.40  1.59x1.41 1.46x1.47 2.17x2.18 2.39x2.38 2.58x2.31 2.80x2.18 2.31x2.99 2.69x3.11 2.52x3.43
THEMA R FR A SSI 2.12 2.18 2.75 8.21 10.08 10.48 10.59 12.91 16.49 18.40
TiH Ttem M Middle shrubs KAEMI Large shrubs

i Heigh/m 2.83 2.78 2.97 3.69 3.35 3.46 3.39 3.42 3.21 3.34
58 Canopy/mxm 2.51x3.57 3.12x4.22 3.28x4.13  3.08x4.51 4.17x3.98 4.40x4.02 4.71x4.37 5.17x4.66 5.57x5.01 5.10x5.91
TE AR SSI 19.92 28.75 31.60 40.26 43.67 48.11 54.80 64.71 70.35 79.14

SSI: MR FEHL Shrub size index

1.3 FEACREE
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0.5 m) P4 LR YRR PR S5 B VR SR ST LT BT B N T A A IR IR A . RS,
FHEAZ 3.5 em W9 5520 BIFEAS R R IRV Th 4 BRI T 2k S 4 S5 w143 8 )2 (0—10,10—20,
20—30,30—40 ,40—50,50—60 .60—80 .80—100 cm) L 1 m WRAYLIEFES (] 1) | MHRIGREE R A —10y
FEdh . ARG S IABRAEDAR F A KAk A B4 0.5 ke i 1 SE 562, 37 RPN H: 149 5 /K &, 781
A FEARRTIME SOM, FrA MRS A7E 80°C T UL T £ IHE  FREH MM A &
1.4 STk
1.4.1 & N EAHY) AP

FEOGT B ZE (P) = (X8 B -+ AE X 150 B +AE G 35 2 + A b Al i) /4
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Fig.1 Sampling points around individual Tamarix ramosissima
CA; BEWIFE IR IEE AR Vertical projection of T. ramosissima canopy; CB: BMITEILIE HI R Vertical projection of T. ramosissima crown base. O
TEAPRAE 15 Sampling point outside of canopies; E: 7% 4 15 Sampling point edge of canopies; U; 7 F K4 £ Sampling point under the
canopies. North HI South 435278 L 7 5 FIRe J7 1] , 26 KA R, 7 11 IEAR IR

Margalef “FE & JEFEE: R, = (S = 1)/InN

Simpson fL#EFEEL. D =1 - Z P’
i=1
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Shannon-Wiener Z 8%, H =- 2 (P.InP,)

i=1

Pielou ¥J5JBEHEHL. E =— ), (PInP,) /InS
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X, P, Rl AR E A, N AR PR A B, S SRR T AR
1.4.2  FERERARE PRI

TE R WA AR A6 CRI AW HE VR Fo s PR BR T 25 I A M A PR A, 30 2% SRR MR AR iy K
SO, BEMIAR R Ak 78 Jobead o HARTR IR IR 58 20T, F AR A 4ok 78 rh it ke A 98 S0 B A= A
7o Bk SORBARE AR X 5Z A e P B 012 , DA bt M ARSI A= R 2 8 R s B el I A A
YW SR TR M A RS 6 N RN A E AR UEL SR MK Z 14338 B (RI, Resilience Index) ,
RI W SEAN-EAER CRI, CRI J&H Wi MIHE AR AR E PEAUFE bR , CRI BRI R A 38 R 1 i

RI= JCBET M ol Pl A T A (B A BRI 2R 8 i B e M AB R = B B 3t B A i)

CRI= i Rl/n ,n=6

i=1

P, RE SRR B 20 B 22 pR AL AR 3] RI A CRI B39 AE[ 0, 1] N,
143 HEEE

PR AE B ) EAELE H AR I TS0 (1 mm A1 0.25 mm) , 38 pH (BRI A RS K 268 5:1 0
TE o HEE KRN E SR AL E EE L SOM 5 SR FH B A MR B A g . b ml s vk s R T B i it
bk, 4 pH ER A pH 71 (pHS-25, T E R R R A7 BR S 7)) s
1.4.4 HflEhba

FIFH SPSS 20.0 for Windows (IBM Corporation, Chicago, USA) #4748 1143 #7, SR FH B IR £ T 22 40 M ik
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(one-way ANOVA) XAHR )2 /NS SESD 2 FUE T 1 138857 40 A T oA, i 3 MoK F3E h P<
0.05, KIFREHE b FE40E +br DR, #H ORIGIN 8.5( OriginLab Corporation, MA, USA){ER,

2 HR55%H

2.1 ARMIHE N - HETUR S R AR
2.1.1  BEMITHE N K SRR

PEMIHE N ] -5 5 K KP4 A bR S IR N > e 5> Ab i ka3, O HLIE AR | DA DX (5
P ) TSk by, EUR e T R AR R )2 0 % 7K b 28 57 AN 3 R SR AE VR 2 (0—30 em) L3
AL LI E KR T AR R 20 T K i, T B b R R K e B R B TR A R (3R
2) . BEEREMIIO AT, SRR A3, PN DX I 35 R A fie (R 200 4.23% \5.34% 11 5.76% , FUAR R TR B2 1476
Sh-E 8 A KR AR RS T 7.73% 28.679% 1 40.15% ; WA\ PR+ HE 4k BB 25 4 512 18.689% .19.23% 23.97%,
ZRRW] TR S R GUREMIE AEE B A W AR o T LA Sk O LA BOR ORI

£2 ARKNTENMELRE LIS KR CPIYHERER)

Table 2 Soil moisture content around shrubs with different size ( mean+SE)/%

e /NHEM Small shrubs FFEM Middle shrubs KHEM Large shrubs
Soil layer 4 = W sEA = T ) % W
Outside Edge Under Outside Edge Under Outside Edge Under
0—10 4.10+0.16c  4.23+0.1c  6.15£0.21a  4.15+0.19¢ 5.34+0.08ab 5.61+0.28b  4.11+0.35¢ 5.88+0.07ab 5.76+0.39ab
10—20 4.27+0.08b  4.60+0.49b 5.12+0.58b  4.31+0.24b 4.86+0.76b  6.23+0.52ab 4.56+0.45b 8.50+1.85a  6.80+0.45ab
20—30 7.13+0.14de  7.39+0.14cd 5.87£0.22¢  6.91+0.42d 8.07+0.43bc  8.57+0.42cd 7.56+0.24e 11.46+0.94a  9.56+0.16b
30—40 10.72+£0.27b  8.61+£0.24b 10.19+0.01b  7.12+0.24b 8.95+£1.05b  9.49+0.71b  9.89+0.61b 13.67+x1.4a  14.66x1.65a
40—50 10.64+0.63a  12.14+0.51a 12.3x0.98a  10.04+0.62a 12.24+0.65a 11.27+0.49a  9.91+0.82a 13.46+0.81a 12.98+1.49a
50—60 13.43+0.50bc 14.63+0.77bc 15.49+0.81ab 10.47+£0.41bc 13.55£0.79¢  14.15+£0.32ab 13.04+0.44b 15.98+0.4a  16.34x1.02a
60—80 14.94+2.39bc 14.64+0.57bc 17.27+£0.07ab 13.95+0.79¢ 14.79+0.68c  15.85+1.06ab 15.24+0.76bc 18.04+0.5ab  19.25+0.83a
80—100 18.23+1.52b 18.68+0.16b 18.61+0.51b 19.04x1.42b 19.23+0.75b 18.70+2.16ab 19.15+1.24b 23.97+1.42a 21.41x1.75ab

%Zi’&JAverage 10.43+£1.79 10.56+1.88 11.38+1.90 9.50+1.81 10.88+1.76 11.23£1.65 10.43+1.79 13.87+1.99 13.35+2.01
R ARIRING F B r IR L2 /AT SR R A K R 5 5% ( P<0.05)

2.1.2  FEMIHENJE B 3 P2 (B S A

XA DA JEL FEL SOM. 43417 AT AT, VEE M) PR s B0 1 1A 48 A e L R ( TR 2) o A M (0—1 m) SOM %
AT 0.54—1.21 g/kg, T (e F RS ) SOM & =4 T 0.56—2.95 ¢/kg, AR 255 %% i F
SOM & i 22 57 B i 2 IAE 0—40 em )2, Hh 2 KRR HIAE 0—10 em 1), SOM 5 & i /& . I AE
0—10 em 2, 75 0—10 ecm + 2, /NEMTEL A T 1) SOM HIEAME R T 10.43% F1 82.61% , H i ATt 2%
FFE T /Y SOM LE b AR T 29.57% F1 133.04% , KIETEZ AN T (1) SOM FEt s 1 13.919%182.52% ,
HEAGE T 1% 0—10 cm SOM K F/NEMFIRFEM , 3X 59K G 1R e R 45 5 A — 2, T E 7 1M k-, SOM
b R RINRZ B
2.1.3  FRMIHENJE Bl 1 pH (E AT R 4 A

TN L 1 43 A pH W BT B R 9 2SR S5 M o A, WE AR HE 2 £ (0—20 em) 1 pH HA T
7.96—8.01 , 7 X 3% + (0—20 cm) 19 pH (HAT 7.91—8.19 (& 3) . /NEMNTE F FHEZ 0—50 em 13
pH A .25 5 T ks, SRR 00 B REFAE  (He 2 A e T AR IR + )2 138 pH {H 22 % A8 8, 50—100 cm +
el R R R AR, A 0—100 em 3 pH (2 PUE S > A>T T AY# Y, H 0—40 cm
THEZRERBE, KEN 0—50 cm T3 pH (HEHE T >es>E 2 m#ass, H 0—30 cm 5 B3%, £
By b, 3 pH (BRI )2 0TI 2 E8N B N, A Xk 1 498 pH {ELEAR L 522 B/ A
> FKIE > HHE N RFAE
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Fig.2 Spatial distribution of soil organic matter around Tamarix ramosissima with different size
SOM; FHEA ML Soil organic matter. O; FEHPFAE 5 Sampling point outside of canopies; E; 2% % & Sampling point edge of canopies; U i
T SRHE £ Sampling point under the canopies. 78 [A/INE F-REF A 1A FELRITE T AT LR o k2% 5 .35 (P<0.05)

148 pH (E AR 1L 5 138 ER 0 %5 UIAR OC  ME N A b 3R £ (0—20 em) BT MEER S &N T 7.92—8.03 ¢/
kg, HEM X BE 1 (0—20 em) B A IETEER S AT 2.47—5.25 g/kg (I 3) o BEM0JE Bl 44 (0—100 em) Al 3%
PEER B 5 1 pH (2 LSRRI o3 A 4l 2R, K rp /B M DA S 1] S8 T s P A S B B A
H0—40 em +)2BE2H,0—10 cm 22535 K, 75 0—10 em )2, /NEM LA T 0 v e S
&7 37.98% 1 53.55% , HH HE N TEE L AN ™ 1 o] Pk 3 LU Sl ANSRAIR T 65.88% 1 57.53% , KIENTEELE AN T (1)
AL PEER LT ANEAR T 49.16% 1 46.70% , 7F 0—30 cm I3 AT I PEER HY 0 A i A </INEE A< RHE A A 34, 36
BT R HIHE DN RRAZ I 3 )22 - e nT A el H AR MR AR e B R . KTy ) L, /N A AE 0—40 em
TR E T R TS, #E 50—100 em WIS K Tt T 5 i AR K T2k s KIEAE 0—60
em HTEG R T T, 7E 60—100 em WP T K Toefsx , 2 B A AT i R & it i 28 f0 Bl o DA /N A 4k i
Ak, R 7ML, R AAME AR R BUR RS, X 5 HEM 3 pH (AR AL A I
2.2 kel MR M K HLE T A Y A SRR
2.2.1 AR L AR H AR SR RREE

KAFEI L SRYK A 3 A JE PRI SR AR S R A TR A, A BN [ B R H el T R A B T ARG K
FH T 4 AT R A B AR B S L v B il s T /N0, e BT 4 AT E AT J BOASAE ) %) R 52 B A
FUHENIHE R rh /INEE N T AR A B % B LR AR o IR R T 34.26% 48.46% F 44.03% , 5 i LU IE A 43 ]
PR T 126.32% ,208.94% F1 321.84% , 55 & LIS 3 425 T 190.91% ,210.36% F1218.18% , Hb_I A# ) & b
AN SIEE R T 467.77% .552.98% F1 636.20% , BIVied T A 40 4 /55 B 55 B85 %% B85 R b LA 47 B b o5 1 B DA (1)
Hby, HLBE 2 VE N3G R KRR o NN ] 22 S AN
2.2.2  PRMNE T AEGE R 2R

BE&E AN & 7 , Simpson H# B2 45 %1 Shannon-Wiener ZFEPEFE 2L Margalef =& EFE AU Pielou Y5 i

BACHA AR AR 3 SR R I SERE S T (18] 5) ,3X 5 CRI B SSI A2 AR AHZ . Simpson
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Fig.3 Spatial distribution of soil soluble salt and pH around Tamarix ramosissima with different size
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