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Herbaceous plant diversity.. and soil physicochemical properties on the

regeneration slash of Pinus sylvestris var. mongolica
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Abstract; This study used field sampling and laboratory tests to determine plant diversity and soil physical and chemical
characteristics and their correlation in regeneration slash of Pinus sylvestris on Horqin sandy land. The results showed that
after vegetation reconstruction in the regeneration slash of P. sylvesiris, herbaceous species diversity changed dramatically
and the number of species in the forest increased. Compared with the logged area of P. sylvestris, the soil physical and
chemical characteristics were all improved after vegetation reconstruction. In areas with Populus xiaozhuanica and Acer
mono , soil bulk density decreased and field capacity, organic matter, total nitrogen, and available potassium increased. In
addition, total potassium in areas with Hemiptelea davidii and available phosphorus in areas with Prunus sibirica were

substantially improved, and all variables were better in the upper than in the lower layer. There were significant differences
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in soil physical and chemical properties between different vegetation restoration types. With the increase in herbaceous
species diversity, soil physical and chemical properties improved and herbaceous plant diversity and soil bulk density, field
capacity, organic matter, and total phosphorus were significantly correlated. The results showed that soil physical and
chemical properties and the recovery of herbaceous plant diversity interacted to promote the positive succession of the
ecosystem. Based on these results, we elaborated on the changes in plant diversity and soil physical and chemical properties
during the process of vegetation reconstruction in sandy land. The results have theoretical significance, and will proyide

practical guidance in the restoration and reconstruction of ecological systems in Horgin Sandy lands.

Key Words: Pinus sylvesiris var. mongolica; regeneration slash; vegetation restoration; plant diversity; soil physical-

chemical properties

PR R T AR A S RS i E B A SV Ak A e R o e R e A - 1
AN PE 25 22 G0 WU (14 58 ELEE 05 18] 1E 1) K 75, AT 08 e VA - it - RS A DAl 0 Rk AE S R
SR 1) B N AR B SR  FR h R) ZREE RR  REREIR A S AR RS A — B S
N VA AF IR KRB ) AR ] [ f) 22 5 | A ) AE o o S BT T SRR P T R 8 22 5 T A [ 11 - 43¢
PR SR + R AR, R 22 SR T TR P T 22 AR 25 R0 R 5 v 0 1 1 A4 0 ol 22 R T
HORRHERR . RGE R AE ST R AR 42 5 R S 4 2 A OGS S K i e IRy 2 3 A OG5 B
BRAETS YO I DU AR IR REACIRDG | FL B R 2 M 18 5 B 4 A5 I R A A b [X
T AR SR ) 2 R L AR B 1 G HER AR , H SRR B S Y AR R B A I
AR DG 5 2 0 5 4 AR 5 7 A e B R 25 vy e AR AR bR SR ) 22 0 T R - R | L B AR A E B
(0 TEAR G  SOEEESF O BIFSE TR RID AR Ak U T B0 3t AS [RIVD 54 I BE ) Fh 22 ek (AR (R A A LA 2R &
B AR S AR 0 2 B A O s HHIT G T 20 5 T I PR o 2 HOC R 5T 4R
HRE P Sl i SRR A | BT A YAk b X TR A i X R AR V0 AR A U o e A5 B AR X A
WA DR ) Z2 R 5 IR BT 1) 56 R PR

R B R GREFAATE S A0 DR R TR PR R T ERAGEE" o SRINT, i T 32 51— RO Rk 1 S Ak
MEEIRIR RSN 20 #2890 HARBIIT 4R, TR OR i R AR BE . 307 48 11 V0 3 ARATF 52 I B i AR
B S AR TERR T AR RAR IS F 8 5B i AR, B A DGR R IO U 3 ) A5 32 S o T A w0k 52
PR R R | R B0 XA ) A K IR R R AR IR R 2 A e T RS
AERH S R BT I 22 T BRI, BRI BT O )R A R R R I SRR PR A - 1R
35 o e P A RSO, | iR e I A i AR R R S AR LA A [ VMR R AR b Ay o B A R G3
B A VD AR B i b 13 4F A 1L A /N 1 T & (Syringa oblata) | F A BEFHi 32 20HA ( Pinus
densiflora) FNELRIM 7 FAEA AU T (Y 138 Rp 1 BB ) 2 REVETR AR, LRSI & i A ] 1) 22 53 S AR DG
T ISR MR BT 5 A ) 2 P A R R S o i e 90 28 A R 55 e I AL, X6 4 2 X - sk — 2D vk
HAPRIC VP AR S RS RIS A A EE WIS E S R E L,

1 HREREHBER

WFFE XA FREFR N “ I TV T R B, BFFE S A7 FI0 7248 VD s AR5 BT 25l 5 Sk 0 v
MTIX (122°22'E, 42°43'N) , i A DO B 35ty & Vo s o7 TRMR IO YD M AR B i , 23 > F 0 sl i s il
[ V0 b i 2 KRB A8 X AR 6.2°C , TR Z X, I R IRGH TR 25 m/s, S KAERE/K &0 744.8 mm,
/R KESN 262.3 mm, K E 500 mm 247, HEZEPF 6—8 Ay, 2R L w4 K E R 3 75,25
SABRNREE 60.4% . B 6—7 AFHBL— K T84 Aok TR 0R A, RO R+ B b i i 3, +
B GhE , EmTHO, F o B A, MR IO S Y X R AR X R A AR X R AR
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Moy, 2 R P 5 v B um B9 Vb A AR W, M AT 0 T35 A /N B (Artemisia annua ) | 25 P B ( Artemisia
halodendron) &5 ( Setaria viridis) \£REKZE ( Chenopodium acuminatum) AN SHAE T ( Lespedeza hedysaroides) |
YT (Artemisia scoparia ) . % [ ( Digitaria sanguinalis) . "1 4 & 5 ( Cleistogenes chinessis) | =F ¥ ( Leymus
chinensis ) 55 , MR Hb == 2L 8 A FR R A (Pinus tabuliformis) /NT4RS L ( Caragana microphylla) f T R
(/NRITECIN 7 WA Y 77N B I AN ] g 5

2 WRAE

2.1 HHYI AR OTE
2.1.1  FEHBAEEEL

T3 B MR AL T 48 [0 8 PRAIF 58 I P AR TR MR A0 M- 785 368 3 118 s RS ol 0 e Xof A 8 DX i B 2,
J7 E PR LR R R X G2, FE BRI A AR DL R 1,

®1 HHEATEREFE

Table 1 Basic characteri stics of sample sites

Feii Zea0)a Mo T FHlte VR SOWRRER ERERT S AT Y
Sample plot Longitude Stand density Average Average Average Total species= Important value of the top
mple
ample plo and latitude /(#/hm?) height/m dbh/em crown/m undergrowth 5 of the undergrowth plant
FARm 122°34'28.58'F. B B B A . )R SE R L
Cutting-blank 42°44'36.55"N R R
EvE 027! " N s P B L
piin 122033 297K 833 5.06 15.12 5.68 6 A R B 5
P. densiflora 42°44'33.1"N R#E
LR 122°33'00.58"E GYRE R 0 MR
2500 4.02 11.98 3.69 11 e ’ ’ ’
P. sylvestris 42°44'36.63"N e
i 122°33'11.35"E SN W, 2L
LU 3371133 133 £ 483 - s qitf?k%,/ CREZ AL
A. mono maxim 42°44'31.56"N ERE S
& 122°32'31.81"E BRI B
[J.l:u' . , ) 1666 3.10 5.97 3.23 9 f%’ B RER B B
A. sibirica 42°44'37 84"N H18
i 122°3619°F W, B
2222 2.65 3.03 2.83 10 s ’ ’ ’
P. montanus 42°25'12"'N INRES
.
W/ Mitits 122°33'05.29"E e N
1666 10.35 13.72 2.15 8 > T RIR, SRR
P. tiaoshuanica 42°44/29.23'N UK B R SRR
AN 122°32'49.23" EH ORI kA
=l S i i 1,50 §.28 1,96 5 %%ﬁl] BRI
H. davidii 42044'37.01'N SEES

212 HYWEFEHES

BT 201448 700 —9 AP, 7ElBe X B 8 e, MR BEE 3 4> 20 mx20 m MY E EREH, 3
ANREHUAHE AT, (A S0 m, B EREHIN A E 4 4 1 mx 1 m BIEAREDT , S REHUIL I E 12 28
B TERET IR YR R SRR RIE R SRR R R R R R R DU AR A
R EELE I FE bR , [ e B AR R LR TP BT B

Y ZREVEFE R R YRR S BE (S) (Simpson PEHEEFEEL( D) (Pielou Y] FEF8 %4 (J) il Shannon-Wiener
=EGTE () . MR AR IR,

Pikh 45 B (S) = WA AL

Simpson L3 F5 %k
Pielou ¥J5] BE 5%k

Shannon-Wiener {5 B 4t i T8 4L

D=1-YP
J == H/InS

H=-7 (P, -InP,)
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R, P AREE MR G SRR LB, P, = N/N N REETT s M Rh 2 BEFE bR R N RS R
Z IR
2.2 RHERES R RAE SO A B

(1) T HERE R4

RIS S Z e A RIS IR DR M R X BR, AN s A s AT & R
IINEE A FNLT SRR 7 A 0 BRI X (PRI IR 13 a)  E S ASKE Y IR AE 19 4 MFE 7 B RN EAZ
PRI 7712 PR T 0—10 em AT 10—20 em HI3EFES,  IEoRAE 1 kg IR A HHE, SRR G IG5 8] — >4 re
i, DU - A PR AL PR

(2) PR A B

T HEZSTE | R FHER IR A ML A BRI B 5 A U A R - AR T A LG
R W NaOH JA RS SHEAT LG 632 s 280 A CEE T ; B 2R 9 JUIL P i FeS0, A1 NaOH | 7K fif [
97 J FH R A 5 S0 SR FH B TR S A= B AR e (i 5 S0 R S TR iR BBUR I YT
2.3 BdlEgit S50

iz ] SPSS 21.0 B X R4 7 AH e 430 7 22538 2 H AR (LSD 1847 38 H Excel ZXAHEE

3 ZBRE5S

3.1 AT YV SR B AR A

T T Y G R T & Fh st AR 3 K TMFR R A e E T . I Ah AR T e
PRFFZK 4 R bR 3 i 5 T A AR R NS RGN T 2R . & N DA 4
P2 L2 Y6 IR BRI | SR A IS — 22 5
311 MR S B

SVA G AN VAR A0 SR R TR A S, 8 AR M A A 29 A, 23 JE L 13 B
HI8 2 IR, 3F B G TR BRI B TR A R B0 RL B (5 A4Y) BT AR b B, I A, BT A bR Y i JE R
( Eragrostis pilosa ) FIZLJ AR Y RAT4E (Asparagus cochinchinensis ) 55 # ) F EL WA BB bR b B9 00 35

BRI RHPIFIAT S— 1270 SRAGE W) Fh e 22, A4 MWD D 5 5 B2 HE 7 O R ARGl (12) > 4814
(1) >H T (10) > (9) 55288/ Milits (8) >H I (6) > TLA(5) = LLRIH (5) , 25 D HEHL AR T A Fi
RENNER, FH(T) SREREE(T) M (6) H IR AE M H A XS 22, Dy iZ st DR AL 5 DL, T BL A
(Orosta.chys fimbriata) ¥ ( Laportea cuspidata) 1 JAH Z5BERT ( Leonurus artemisia ) 55 13 PV HAAEYITE 8 1>
e R S A B, EAR R TR 10 R 3, i 76.92% , HAx th RAERARGI I, o 23.08%

R2 TREFEZLBEKRTENFTITRAEEE

Table 2 Statistics and important values of plant species under different vegetation types

i . e o Rpw AR
Y R (ERRIS TR 1 HT#H  ®R/Mi akE Cuttin RS
I~ P. densiflora  P. sylvestri A. mono A. sibirica  P. montanus P. xiaozhuanica  H. davidit ¢ Species number
name blank .
of species
2EH L, chinensis 54.43 26.82 60.88 35.19 41.81 47.13 51.23 — 7
SREE C. acuminatum 6.35 31.76 22.51 17.33 9.10 10.39 21.39 — 7
W Artemisia scoparia 23.74 17.66 13.84 19.00 — 18.86 26.42 — 6
TR S. viridis 13.16 20.75 - 11.44 - - 11.27 4
$&E3K Salsolacollina — 10.02 — — 14.22 16.04 7.40 4
B ETE Medicago falcata 10.55 14.66 — 15.78 15.30 — — 4
UK Agriophyllum squarrosum - - - 6.93 - 33.67 - 9.22 3
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Py it
AR S

Species number

K

Species

Rl

LTV RN T 1A HTH i/ 20 Cuttin
P. densiflora  P. sylvestri A. mono A. sibirica  P. montanus P. xiaozhuanica H. davidii €
name blank

of species

D)% D. sanguinalis — — — — 6.60 — — 31.95 2
IKREFEE Chenopodium glaucum — 7.02 — — — — — 10.13 2
TEEE3E Sonchus oleraceus — — — 17.80 — — — 13.46 2
0 Portulaca oleracea — — — — 6.95 — — 13.74 2
B WRE Artemisia capillaries — — — 8.06 — — — 18.50 2
BER T 5L Cleistogenes squarrosa - - - - 7.26 - - 19.31 2
E2A S

Lespedeza floribunda

EHE Geranium wilfordii 5.07 12.62 — — — — 2 —
KI14 A. cochinchinensis - - - - 9.98 - 35.08 10.69
BMZRE3E Potentilla tanacetifolia — — — — — — = 19.24
LK L. cuspidata — — — — — 1141 — —
SRR Chloris virgata — — — — — — — 16.46
tHBEE L. artemisia — — — — — 3.06 — —
KAFE Artemisia sievrsiana — — — — —1 8.05 — —
3% Viola verecumda — — 5.80 — — — — —
- Artemisia subulata Nakai — 21.41 — — — — — —
743 Phragmites australis — 13.57 — — = — — —
KRBT L. davidii - 3.52 - L - - - -
[WJH % E. pilosa — — — — 47.06 — — —

\

\
-
N
=
=

\

\
0
(98]
]

\

\
3]

@& Polygonuma viculare - - - -3 6.98 - - -
HEZEEK Potentilla strigosa — — A 5.98 — — — —

—_ = e = em e e = e e = e N RO

3.1.2 MY ZEAER BT

AN R RS T S TRUbR M, AR AL BRI 18 O AP AR 35 25 57 (P<0.01) (BT 1 A1 3) | 1002 RO e i
ARETT VA R 29 PR ALY R A 13 8 ANEEHL R AN A B, AR LRI A R A 22 R R . 2
REVESR B A 3R B g TSR s T FA MR AR R

R3 WS HEEERTESR

Table 3 Variance nalysis of Species diversity index

Ei 2H 51 ST i ¥5J5 F p
Variables Group Square sum Mean square
Simpson F5%L 2H ) 0.654 7 0.093 3.686 0.008
Simpson index HN 0.608 24 0.025

SR 1.263 31
Pielou #6545 ZH ) 0.498 7 0.071 3.990 0.005
Pielot index HHN 0.428 24 0.018

Je¥il 0.926 31
Shannon-Wiener 354§ e} 2.479 7 0.354 3.758 0.007
Shannon-Wiener index AN 2.262 24 0.094

S 4.741 31
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3.2 FETAN VDR B - SR AP T AT L4 - o RN oA R o fXESHHEH
VE S AR LA A7 T (R, - SRR I % 12 ; .

WO E AT EEAE . AR R MR R E 55 10

APRBMOCTL e T AR I LA LR S

R+ ST R G0 A R R, o S 2, [ @ é EN

PERG U b HEHT I ) | AR FL R R A - A o2 [ [ é

AR TR ARSI o HEL IR ISE, LhE e e I IS

321 I 2 EE E =GB
- B T 7R O S R B T SR AR A ® Hib I

RS R T | AT R T AR 2R B, T LA Vesstaion ypes

AMGE Y EAE T , ASE ST AT T AR 1 4 E1 WS REMEs

A KR (E 2) . Fig.1 Species diyersity index

bR A KRR R R T 22 5
B3 AR E RN LR H AR TR ARG b, B R Al s AL A MR A 1 R B 2R T
JZ, A 0—10 em G 5 A MM A 2 Y SR R R E] T E 25 KF 1020 em )= 4
5 RARGE 22 S AN 35 | TR S 2 T ok R ASCR SR MACR Bl i) 5.6% , T A1p 7K B2 X
WA R e 5 K SR AR K SCRE T3 T A SR R R, IS XA TR AR o A 2 PR T - 8 T o 425K 4 )
YIHAE 23.05%—30.45% 2 6], HXRI N LR T 1 )2, ELEREE TR SR A A i 28 R0 5 R s ik (2
FAKF-,

00—10em O 10—20cm

2.0 r 45 -
181 2 b 40t a
— HA A A A
T 16|l am & A =Y A A g 35} b ]
§ 1 gF = & 5 dm e .
< 14 L] i B B : = 3 ;: =
0 : : = fl: ; : : - i > 30}
== 2l || A - 2
%z 10} : ! & & :
% 0.8 Iz o 20
= 5 % E3 15t 5
g 06} 5 ¥ 3 5
04 | : = 10¢ :
0 i M I e I i 0 Ll
2 %% E & ¥ E £ % &
H & » € 3F = XX R X ® =
K B 72 H i ke K@ ey
% ¥
AR A 2 A R R 2 A% I 3 Rk
Soil bulk density of different vegetation types Field capacity of different vegetation types

B2 AEEHERLE THEYEMER
Fig.2 Soil physical properties of different vegetation types
ARG FHREFRIR 0—10 em 2JR2E 5 B35 (P<0.05) , ARIKE FHREERIR 10—20 em /2225 8.3 (P<0.05)

3.2.2 bbb

X A [RIAEAE R SR - b2 v SR A 5T, ol S - e A A A AR > AR ST 0 A ML L
R S A 5k 55 5 R R A H V) e R AL B AR LR AE (T 3) o BP9 36, S AR R
A+ 20 S TR, HRBUN 2R S8l s T TZ,

F L 3 A N R B B 2 0—10 em )2 A HLT & 8 5 R ARG Ml 2% S 34 W 2, P R A AU B A L
P& iR 2, e RAGT Y 2 f5 . AN ER/NG T Bk e A 5 ORI 2 e 8 A
SRR T 42.62% ,32.79% ,40.98% , - FEGH i A0 5 R AR i Y 22 S IR B T KO Al b i A A
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Soil organic matter of different vegetation types Soil total potassium of different vegetation types
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Soil total nitrogen of different vegetation types £ Soil total phosphorus of different vegetation types
100 £
= 90 | )
< 801 N
o0 2]
< 70t g
=5 60 g S
g2 0} g
= 40 L] [E g
FE Sl [ 5
£ 020 1| [ g
= 10 - : : S
< 90 N 5 N f Z
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N o & i
2 N b N s
R T )2 T AR IR T 2 T ST S
Soil alkaline nitrogen of different vegetation types Soil available phosphorus of different vegetation types

100

[J0—10cm
73 10—20 cm

R
Available potassium/(g/kg)

R SRR 2 LR

Soil available potassium of different vegetation types

E3 AEEHEZXBHBENFEER
Fig.3 Soil chemical properties of different vegetation types
N B Z B 28 SRS 2 MR i TR (LA B T AR A S R R i 25 e 3 LRI AR
Hb A P R L Y A i 2 SRR B K WG WRON 55.83% ; BRI TR MR AN, AU AE A R
T - AR 5 R 2 e Y
10—20 em + )2 T AL E EBRAE T FA R bR A, AR 34 5 R A ik W 3 22 KO R UV
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MR i 2 A0 HCR AR AR 55 1 82.27% , FI T A dkith 2 A & 1 i i K, RN M U Ne g, 5 R
T 25 5 0 2 A LR ARG HU B N T 51.85% ,25.93% Bl it 5 R ARG M 1Y) 25 S Y93k 8 T B K-, L4
ERET RS M Z M2 SR B E AR UL A T A S R AR 2 e R AR S
ERARGI I AN 2 | 52 B IV RS R R, A B R ARG 3 I 9. 13% 5 - JE s A% 4 5 £ B AR #0821 il A
AL AR, FEAb AR 5 SR A0 b 2 A Bk 25 25 S | S vl A AU b A B R i e K, R 49.54%
3.3 IR A AR OC o A

AR Pearson A 5¢ R BN R A TG VR M AR OCHE , 13 4 FTLUE Y, HIEA P 5 45 5 S Al 5 AA0RA 0%
KR, 5 AR KR IR AR SE SR ] WAk K 344 1, A LTS T A A, 5 by O Vi g A
R, HUER SRS AT M RRK R B R UL A7 - e B TR R, e, A S
MRS EEDEIMERER MK E Sl EE R EEMEER,

R4 DEBASEAXREER

Table 4 Soil physical and chemical properties correlation coefficient matrix

AR

Soil physical and chemical properties X, % X4 Xs Xs 7 Xs Xo
X, 1.000
X, -0.735*  1.000
Xs -0.944**  0.758"  1.000
Xy -0.628 0.511 0.783 " 1.000
Xs -0.746 " 0.653 0.669 0.356 1.000
X -0.646 0.736 " 0.643 0173 0.454 1.000
X5 0.256 -0.175 -0.254 0.193 -0.146 -0.319 1.000
Xg -0.074 -0.018 0.041 <0.303 0.523 0.304 -0.184 1.000
Xy -0.787" 0.805 " 0.687 0.536 0.797" 0.436 0.102 0.003 1.000

X, : THEZ T soil bulk density; X, : A HF/K i, field capacity; X, : 5 #L5T , organic matter; X, : &%, total nitrogen; Xy : Blifif 4, alkaline nitrogen;
X : &M , total phosphorus; X, : 7 44 , available phosphorus; X : 24, total potassium; X, ; #ALH , available potassium

3.4 WHEYRZ RS AR R AR OGS

AFY BRI AT HIRh A L A PR 0 58 R A AR KD, Wy 2 Rk BT e 0T T —
SEIY A RIS ) A ER e MR A1 RIS S M B G R AR L™ AR R
KA B2 T n | O (b o 5 A ) A

i 5 AT, 2l S R R AR A SO OCOC R  HAE Y BE Se AE R B, X T AR I
R A it e O A S, T el 5 A VR A2 e — BT T S8 ) 5 I B RR A T 2 1Y)
P BEE WA S5 o T R WIS IR B S A AU 5 R IEAOEC R  3 OSG e &, 54k | T (]
R W AR S AR, Ul AP RS A T /b B s Mt A 1 B o, A B 22 A R 0 el 249 50 e i

R5 MTHFHESHEEELHEERXREER

Table 5 Species Diversity and the physical and chemical properties of the correlation matrix

Yirh Z R AR

Species diversity indexes X X2 % X4 Xs Xs X Xs Xo
S 0.608 -0.621  -0.514  -0.017  -0.614 -0.906**  0.154 -0.546 -0.528
D 0.798*  -0.780* -0.848** -0.575  -0.560 -0.769*  0.288 -0.133 -0.661
J 0.722*  -0.744* -0.791*  -0.698  -0.364  -0.535 0.225 0.261 -0.657
H 0.787*  -0.744* -0.835** -0.487  -0.580 -0.836"*  0.359 -0.272 -0.585

x % P<0.01; * :P<0.05; S MR F 52 ;D ACHEFE S, Simpson 3 J : A BEFE B, Pielou; H: {5 B 45145 %L, Shannon-Wiener
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