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Features of artificial plant communities from the east sand region of the Qinghai

Lake over the last 10 years
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Abstract; Artificial introduced plants played an important role in alpine and sandy vegetation reconstruction and recovery.
Research on these artificial plant communities has helped in the development of sand-fixing mechanisms and ecological
improvements ; especially in the optimization of adaptive vegetation species. From 2008 to 2017, we selected 11 artificially
transplanted species in the east sand area of Qinghai Lake to study. Vegetation sample surveys were performed every
summer, and plant growth and community forming features were calculated and analyzed with the following three main
results; (1) The majority of species, with the exception of Tamarix chinensis and Potentilla fruticosa, showed high survival
rates above 80 percent and conservation rates of over 50 percent through the entire study period. Some species, e.g.,
Hippophae rhamnoides, Salix cheilophila, Pinus sylvestris, Populus simonii, and Hedysarum scoparium, with their fast-

growing heights and canopy diameters, exhibited strong adaptability to alpine-sand ecology. Also, the coverages of all plant
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communities increased significantly, at a rate of 6.4 percent to 8.8 percent a year, with obvious benefits to the recovery of
the sand ecosystem. In species diversity, Caragana korshinskii, S. cheilophila, H. scoparium, and P. simonii all had a
relatively high diversity indexes including the Simpson’s index, the Shannon-Weiner index, the Margalef richness index and
Pielou evenness index. H. rhamnoides and P. sylvestris had remained dominant and constructive in the plant community.(2)
The first three to five years were key to plant survival and growth. This period also displayed rapid growth of the forming
community and increasing plant diversity. (3) H. rhamnoides, S. cheilophila, P. sylvestris, H. scoparium, and P. simonii
should be selected as pioneer species to control desertification and recover plant ecosystems because of their strong benefits
in terms of wind-sand prevention and soil amelioration. Other species could be subsidiary plants during vegetation

reconstruction and recovery in all alpine-sand areas.

Key Words: alpine sand;artificial introduced plants ; growth feature ; community diversity ;annual change
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Fig.1 Map of sand land distribution around the Qinghai Lake
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Table 1 Basic condition of different plant forests in experimental area

UL A B TR/ (BR/hm?) Ry ik
Forests Forest form Afforested year Afforested density Afforestation techniques
VDI Hippophae rhamnoides WAl bk 2007 4500 S E R
541 Salix cheilophila TEAR LA 2009 5000 AR AR
FEFHs Pinus sylvestris FeA4lipk 2009 4500 S AR P A
JNH4 Populus simonii TR 2007 2500 AR R
¥4 Caragana korshinskii TEAR LI 2009 9200 P L%
VO Artemisia desertorum TENTDHE 2009 10000 ¥ B
AEHE D Hedysarum scoparium HEROR AT 2009 12000 FhF ELHR
Y HIAA Sabina vulgaris RO A 2009 4000 SR R
KM Tamarix chinensis ARSI 2009 4500 TSR]
FWZHS Picea crassifolia Fr ARGl 2013 10000 SRR
& #EMG Potentilla fruticosa HEER A 2009 4500 S R
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Fig.2 Survival rate and conservation rate change of different artificial plants in 2008—2017
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Fig.3 Average height change of different artificial plants in 2008—2017
F2 2009—2017 AR A THEEFHEE/m
Table 2 Crown diameter change of different artificial plants in 2009—2017
AT M Artificial forests 2009 2011 2013 2015 2017
Vi Hippophae rhamnoides 0.42+0.14 0.6 £ 0.18 0.61+0.14 0.81+0.29 0.93+0.37
00 Salix cheilophila 0.24 + 0.08 0.42+0.12 0.88+0.14 1.28+0.51 1.29+0.39
FEFH Pinus sylvestris 0.28 + 0.05 0.54+0.06 0.54+0.16 0.66+0.22 0.84+0.39
INH4% Populus simonii 0.58+0.07 0.81+0.33 1.05+0.57 1.53+0.39 1.32+0.56
¥y 4% Caragana korshinskii 0.08+0.05 0.22+0.10 0.48+0.18 0.89+0.29 0.83+0.36
V& Artemisia desertorum 0.25+0.16 0.46+0.29 0.66+0.24 0.94+0.30 0.84+0.34
AENE L Hedysarum scoparium 0.22+0.20 0.55+0.36 0.68+0.27 0.60+0.29 0.61+0.22
I Sabina vulgaris 0.24+0.10 0.30+0.18 0.35+0.14 0.48+0.30 0.61+0.22
M Tamarix chinensis - - 0.26+0.11 0.42+0.17 0.45+0.19
TG =42 Picea crassifolia - - 0.38+0.12 0.39+0.11 0.38+0.15
4 FEME Potentilla fruticosa 0.10£0.12 0.29+0.13 0.36+0.11 0.31£0.21 0.32+0.16

PR EIE 5 ke N TR CAndEERE ) BRI T 45 WA ) DA KE AR S 2R AR
YyFh, anvbiE ALK (Hex pernyi) I 52 ( Oxytropis imbricata) 5t & ( Leymus secalinus ) | 34 5% %t ( Achnatherum
splendens) % . 2008—2017 4F[a], % AR FhIG IRy 3—6 Tl Fy SR HURIVD OIS EER D . SZREVEBRECE W,
RER - BEAR BOTAE S WM R R BUSIE L, BEVE R - Sy MIbR A7 2% > /N A b/ A6 88 > U0 RObR /A8 1
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Fig.4 Coverage change of different plant community in 2009—2017
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Table 3 Statistics of different plant community diversity parameters in 2009—2017
VA
}\].:.ﬁ(ﬂﬁ 6 S M D H E 7
Artificial forests Year
s 2009 2 0.6838 0.3865 0.6647 0.6589 245.00
Hippophae rhamnoides 2011 3 0.7018 0.5103 0.7978 0.7262 186.41
2013 3 0.9331 0.5523 0.8604 0.5346 139.36
2015 5 1.0000 0.5489 1.2534 0.7788 149.57
2017 6 1.0090 0.5902 1.4720 0.8215 196.08
L 2009 3 1.2712 0.5777 0.9986 0.6089 155.56
Salix cheilophila 2011 4 1.2568 0.7011 1.2998 0.7376 61.28
2013 4 1.1159 0.7353 1.2223 0.8817 86.98
2015 5 1.7724 1.0360 1.3536 0.8410 105.31
2017 7 1.5796 0.7419 1.4821 0.7617 131.98
REFH 2009 3 0.4332 0.4328 0.6749 0.6539 218.00
Pinus sylvestris 2011 3 0.5283 0.5278 0.8230 0.7110 178.77
2013 4 0.7486 0.7480 1.1663 0.8413 126.15
2015 5 1.0228 0.5975 1.3822 0.7714 135.60
2017 6 0.9944 0.6796 1.4611 0.7509 152.10
ANUR ] 2009 2 1.2511 0.4025 0.3604 0.5200 282.55
Populus simonii 2011 2 1.2121 0.6400 0.3065 0.4422 257.55
2013 3 1.3211 0.2975 0.4741 0.4316 115.94
2015 4 1.4300 0.6027 1.2075 0.75 120.07
2017 6 1.3923 0.7929 1.6494 0.9206 124.19
Frék 2009 2 0.5332 0.3392 0.2738 0.7811 202.92
Caragana korshinskii 2011 3 0.8633 0.5491 0.4432 0.7666 125.33
2013 3 1.1900 0.7569 0.6110 0.5561 90.93
2015 4 1.6608 1.1013 0.9937 0.6174 52.44
2017 4 1.5869 0.7319 1.4850 0.8288 130.64
Wi 2009 3 0.6375 0.5160 0.8150 0.4481 138.33
Artemisia desertorum 2011 3 0.4289 0.4792 0.9638 0.3795 197.82
2013 4 0.5761 0.6037 1.0431 0.4740 88.98
2015 4 0.8862 0.7947 1.0286 0.3555 90.22
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SV AN
2017 4 0.8354 0.6388 1.1660 0.8411 101.22
AeiE 2009 2 0.6380 0.5057 0.5386 0.7821 210.00
Hedysarum scoparium 2011 3 0.7789 0.6175 0.6576 0.6406 172.00
2013 3 0.8058 0.6388 0.6803 0.6192 166.27
2015 5 1.3429 1.3659 1.37 0.3515 149.72
2017 6 1.3521 0.7347 1.5008 0.8376 125.54

S WIFPEL, species number ; M ; Marglef 35 FE 844, Marglef richness index ; D : Simpson ZFEPEFE%L, Simpson diversity index ; H' ; Shannon—Wiener %
FEMEFEEL, Shannon—Wiener diversity index; E ; Pielou Y21 8%, Pielou evenness index;Z; B ZL{H , Important value

SRS L S VA N 7% Y 3 LV 2/ Y R VA W VAT O s AN L 7 R
ARAGAE S S X 5 3 8 R A AR AR A AR — B, SRRV 35 5 BE 45 BB A W R AT PE T R A 3
i G B, 5—7 AR5, A M R i A TR AR, BEE RN R AR R PR T BT Y A0 B N 22
PRI 3G Ry 0 /N AR G YD E L, SRR AR RAR S VDR X 5 B R e ABAR AR A AR X
e/, BAIHL S 4 @A TR B 2 1D RIS R AR/, & AR SO AR A0 TARME, 175 18 = AZ AR
AR AR R, AR AR R, e = T S N

FIRAS BRI ZREMEA I I AR R R A DL 3R IR T I (32 3) 2009 4F, BRVD 5 SIS, g
TR AR Y B ZE KT 200, 2017 48 BRUDIZ A6, FoA0MHb A1 A8 K T 150, 2011—2015 4F, & B
5 R R B T IR B 1) R B I W B LA W RS 3 KR AR SR AR K, TEIE 10 AEEERERD
HEEAH MW AEIRENE L /N BRI IR B AR 17% , KR e 547 5% (9% ) , VIS S0 i) = B2 R iR /N LSl
ARSIy =T E N
3.3 WHEAEDBERHE

XFF 5—10 AFA BN TARH , B REARFTR AR A HE S P9 B0 T 5825 00 XUVD 1 S AR AE R 3R L 38 Akt g A2
b, VOHUAT A FE MR N ARIE B IR RE YA 3T 10 AE B RUWEF/NT 10% , b3 [ V0 30 55 1R T 60% , ifii 2% - 34
APERT S5 vb M LT 25 5 s B T OB T30 A i K32 g e o, B XU VDA FHEE 2012 4F 5 38 s
55 3 77 1 2 AZ 1 A SOOI B B8 =, S DL F2 2250 M A W R (0 B XU 136 B0 R - 8P T 1 AR AR Ak
331 BEE XIS SRR

B 75 A 7 S AR B BT X R 3 1 B P VR RS BT I, AR T 10 AFAS [7) A b b 22 AH R
FE S5V LI (B 5), 2016 4F ) M F MRS BE 2908 2010 4EAY 2—11 1%, G v R0 N 1/10—1/2 (F IR
40%—85% ) , Fori Hiy FERERE B (W MCHIL LU A < 80> VD RS AR A > VDTS >/INEAG « VD S S Vs >/ A >
FRASUD RS A0, KRS 2 38 IR U0 38 0 B IR e 2 AR BAE 25 N TRl % B RUEL VD 3852 o A2 B IR oy
8.5—9.0 m/s B, BRUDE Mz A1, 25 M 7 X5 B VD38 25 7R3 6 4820 I3 N T 25%—345% Fl 109%—30% , 1»
R AR TASFAUINT A AE 2012 AF FT RS PR TS DUAE T S5 v WS AT T AT . 284 iR, S Vb
/NG EEE B X >30% ) BIVP RS (>90% ) e ok 3 . IUAIMEFE AT 45 M3 AR i 1D 8 (2015—2017 4F)
RV HL) 13%—20% , V345 N 80%—90%

3.32 A LSRR

TRV 10 2 J Xof 37 b A SR8 4 1) B R BRI G818, L T VD R A (4 AR 2R IR AV I R B - BRI T 3R 4%
IR, ZEM AR R A R 1E T M FROK 5 H R KA . ARYE A PRI 2016 4FE 5 2010 4E M) R HERHE AR L (S
(R 4) &+ gen 2 B — @ difbia s B LI b (1.6<e<2.2) I FE, HHARFEKEIR 6 (1R
INTF 2% 2 AR, S /NI ARG R () 13965 K (3% < W< 5% ) HEWRER IR, V0I5 /s W o 90—
W&, THEAMLT(8<TC<18 g/kg) 5 FEH AL SR/ i AR R I B K ka4, A LT 5 U8 (0.03<A4K<0.20
g/kg) MR 2 , AL (AP<0.003 g/kg) FIAFAZ AL , AL A (0.01<AN<0.03 g/kg) A2 51tk e/ . W)
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AT HkH: Artificial forest

5 2010.2012 F1 2016 £ F=F A TAE I H XD & 3 5 B3P 4HAE
Fig.5 Wind-sand protection features of typical artificial forests in the years of 2010,2012 and 2016
T Ta) RE T M Ry SRV A R S A B AR AR Y 2R M 0 i FE A P BT 5 USRS A b R
R,

£ 4 AEAIH 2010 55 2016 £/ TS ERTHTHE
Table 4 Variations of different soil property indexes from 2010 to 2016

N T AR HL

Antificial forests Ap Ap ATC AW AAN AAP AAK

VPR Hippophae rhamnoides -0.1523 0.0098 0.9900 -0.0232 0.0018 0.0024 0.0468
W0l Salix cheilophila -0.0536 0.0516 1.4200 0.7856 0.0029 0.0023 0.0716
FEFH Pinus sylvestris -0.3717 -0.0700 2.0167 0.3411 0.0090 0.0024 -0.0073
N5 Populus simonii -0.0506 -0.0368 0.3800 1.5502 0.0033 0.0029 —-0.0096
V& Artemisia desertorum -0.1655 -0.0175 1.6033 -0.0895 0.0081 0.0029 0.1516
¥ 4& Caragana korshinskii -0.3627 0.0447 1.1100 0.2568 0.0162 0.0030 0.1246
AEHE Hedysarum scoparium -0.2916 0.0743 3.0000 0.8225 -0.0028 0.0030 0.0406

@ FEPRIAR m) ,average grain diameter;p: IR i ( g/(:nrl3 ) ,bulk density; TC. AL S ( g/kg) , organic matter content; W T AR K
(%) ,soil volumetric moisture content ;AN : B AL (g/kg) ,available nitrogen; AP A (g/kg) .available phosphorus; AK : # L8 (g/kg) , available
potassium; A {83 2016 4F3 2% 2010 4F () 2 (H

4 itig

4.1  FEEYRP A S 1 22 5T

AR TR AR IEAS SRS FRAE 22 5 SO T 45 [E VD W ol ) o2 FE 00 b 2B 285305 17 B 07, 7 7 b 2% 140 A4
L AERIAMH T I ATHR N B Z R AR 22 55— O THDE: R PRI AS B 1 A A 2SS B ML e | o) — T T 2
ZHIT N TR R MERGIE A VDl M RS R B A AR A EL A A e A S SR AT
R BT S Rk IS 220 I S A ) 45 R RN K 43 ) FHASCR 26 B0 HE AR e 1 T SR it 52 T XL 70>
TR B 2 R ST P TR A R A s AL X VD K A XD RS B S BB A AP P YD 1
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Wi AERE YD A B SR FIAR R BERE )0, Vs e 0% AEMR S5 Fh 1141 Sl RE 1R | DRI e i R 0 1
SRS 2R IR, VD S R R N A S S A AR B 5 RO TR T A ARG T K
G5 ARBURRYDFT W LUAERE R 5% V8 RN BG5BT R RID ARSI RE T, MR 5 AR
M AR AR TR AMRE B3 U5 5 4 AR ol B0 P 36T 1.5 m 1 2 m [R)IE A9 22 B AR VD B4 Tic S A= 1
TR 7 2 R PR REA AR S 0 0 A K A TR S K M B R a0 X v b 4% AR 450y ELRG 2 AV K, B AR
10 4FAE VR 56 B 5 Z AR FR A0 (A ORAE 2 bR e S R A DL 3 BN S Vbl M R AR SF AR TR R
Je B RIS B R TR A SRR 2 B AERS RIS ZRE M 0 IR AR T A & - SRR L
4.2 WERRSEDBEXLR

AR B B A 0 AR A 0 T 5 U0 b AR 2R O 1 R B, (W) A 0 i Ak ) v b A S A B A el R R
JI 502 R R T AV R A AR R ZRERE AR IN0 AREE 2010—2016 47 B [F YA o BV AR R ARAE S
AR KD IE SRR AU AR GRS (3R 5) , S W FI VR A2 K R -5 b MRS B B XU 25 D 81 VD i 2 32 B R R
HIEAR G SRR U S JC LS R IAF/IN A R TE R 3 (U VOIS bk e i
B ZFEE VB EE A | 55 85 2 TG ShFE AR AR DG E AR X A5 . LAME AN IR 1Rk = S A%
5B RUEVDRL 55 10 TE AR SCHE MR S5 D R0 AU DGR RIS o Fh I mT D VAR DY 9 ) T B AR
TR KD sl B 5, [R) I AR 78 XLV I8 5 R 1) 07 DX R VD 8 2 T 22 M a2 B R TR 25 B PR A I 238 ELRE )

&5 HBEEYEREFES KD E S FHERE X T

Table 5 Correlation indexes between wind-sand activities and plant community features

HHHE REEHHE Wk Y HFh N i
Wind-sand Plant community Hippophae Salix Pinus Populus Artemisia
features features rhamnoides cheilophila sylvestris simonii desertorum

2y R, 0.98 " 1.00"* 0.90 " 0.96** 0.86""
0.50 0.97** 0.87"" 0.97** 0.98""

0.69* 1.00"" 0.82°" 0.99"°* -0.06

0.82"" 0.98"" 1.00 " 0.93** 0.54
H’ 0.71" 0.72* 1.00 " 0.88 " 0.90 "
TR R, -0.99* -0.63 -0.91** -0.99** -0.98"*
-0.44 -0.74" -0.86"" -0.94"* -0.87""

-0.64" -0.49 -0.81"" -0.97"" -0.27
-0.79* -0.37 -1.00"" -0.88" -0.78 =
H -0.66 " -0.98 -1.00"" -0.81" -0.99 "
F, R, 1.00 " 1.00 " 0.99 "~ 1.00"* 0.94""
H 0.29 0.97" 0.67 0.87" 0.93""

P 0.50 1.00 " 0.60 0.92** 0.14
C 0.67 " 0.97** 0.97"* 0.80" 0.70 =
H' 0.53 0.73* 0.94"* 0.71* 0.97**

F, R, 0.98 ** 1.00** 0.94 0.95* 0.79
H 0.52 0.99 " 0.27 0.98** 1.00 "

P 0.70" 0.98"" 0.18 1.00 " -0.17

C 0.84*" 0.94** 0.77* 0.95"* 0.44

H' 0.73 0.81 0.69 0.89 0.85

zo :HUFEHUBEE (em) |, surface roughness ; TR #BRH VPR (g em™ min™!) , surface sediment transport rate ; F, ; B A 25 (% ) wind-breaking benefit ;

F: m(’/l\%(ﬁé( % ) ,sand-fixing benefit; R, : 1%??%( %) ,preservation rate;H; TERR (m) ,plant height; P AR AL (m) |, crown diameter; C fiai o
FE (%) ,vegetation community cover; H' ; Shannon-Wiener ZFEPEFESL, Shannon-Wiener diversity index

WA ARV Y VD b 3P B W35 22 5, e TV oM R 1A Ve AERESE ) A R A

B 77 XU V0 355 4 R 2R 0 380k RG2S, BEVE VD B 3—5 AR N I sl B 8 5% [ PR e T2, 3k KU e
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FREF TR, W/NAG DHAT B SAZSE U I B VAR EE I 10 ARAAL TR R E s IR SRR iR
SR FA UG IR TP TR, W E AT ARV IIEE . V8 SRR S i LKL & 2 1
ARG BER U VDR 1 e RE K BE T, (ELA 5 A AR R BRAS B NS 7 3 O 2R 5 S Ml S ARy HA ) - 4
IR 3 (A BE T RIAR 2R 35 43 A BE SR 35, DRI DX b i 2 = i b AT (350
4.3 FHBIRV BRI SEE

ST AR TR EVS AL G2 A AR BB S AL HERIR VD B n] IR A [F) S b 26 A 53670 H At
FrImii e A A HE AR BT . VDR S I 4 2 YD e A TR YD S B W il W Pl DR A SR e R A e
17 RT3 i e oAy 83 5 A 80 IV RE 055 X B 47 R 0 3 ) /N A B T3 8l > P XU 2 e ) e i, A
FEE/INEEAR T REAS 52 oo B0 0 "B A 5 5 A5 T 90 o A2 U0 BT T~ 11 5 0 o R I ) S 0 M, 7 A 4% e
R VD5 A SRR D BE A [R] IFE S UL ; T ZE R AT 2% (4 1 BB BOROE B AR~ [ S VD e 5 3 3h
U AT PR A A RRAIE 5 S RE R AR = 1 VS ARV E S AR E I s U A 5 < e i DA 0 R A TR
ACHE B |8 ELAS AL N T U0 Fe A [ V0 e R Rt ] 394 5 b 3 [T /0 B8 7 14 [ I (ke 1A AR v 2 R 5
AMOUNSES B A B VD P s [ 2 V0 Fe i i AL R b | LA TG V0 B s A T DR [ V0 55 R 25 B b, AR A
0 A 2T I S AE S RE T, WP ] 5 B B R 0 M A AT TR I A e, L RE AR s Vb Bl 4 5
KRR . VR SR/ IN A7 R X S 4 g | SRR T B AP 8 5 A B DL ARl 2—3 4RSS T VD AERE
Fr 26 S U0 MR A5 BB BE ) A4 R BN R W Bl X R SRR B v R S AR S B U 3 v T Al
R

5 it

(1)2008—2017 4F , FEVE AR BERP A A KAFIE B A B35 M Fp 25 57 SARAR L, VDB S A A HL A 5
FARAT R KR FOEAS ; Al 45 W R s 26 B A 2 BEE S IRTHE I, i 3—5 4538 i o A, AR Bk 35 B K B 536
1 70% , VBIRAK | S MIAR AR TS PR AR v Uh 2 R A v 1 T LM, VR B M RRE

(2) B N TAEBREE WG T W5 , 8—10 AF AR VD A0 /NI Ay A1~ S5 AR b 174 7 XU VD 358 2
(F,>50% ,F >85% )5} .2, TIEAHLE (8—I18 g/kg) HHAFR /& I KA . SRR A KAHES
HhFRURE BE | b7 R VD% 28 T BB I ARG, S VD R B I A ek

(3) BEZE R AT AFEA D TP A= 4B AR T/ NEAR R EAY) B, VO 00 A AN A
BEVE ARG TR TR VDR 1R, YN R Jee VD M Rl AR Ar 4% U0 AV LRI BOR IR SR , T8 =42
M5 4 BRI X AR SRS, il Rk 26 ( Fefalsth [ 2 v B TP B BEAE ) BB SRR SR
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