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Abstract: [Objective] The objective is to study the plant composition and diversity index of Robinia
pseudoacacia plantation, Pinus tabulaeformis plantation, R. pseudoacacia-P. tabulaeformis mixed forest, and
Populus davidiana-Quercus natural secondary forest in the loess area of western Shanxi Province, and to
explore the diversity of shrubs and herbaceous plants under different stand types and different densities, so as to
provide theoretical basis for vegetation construction and function improvement in the loess region of western
Shanxi. [Method] Through field investigation, the composition and diversity of understory plants were
analyzed in 4 stands aged 22—25 years under the conditions of low density (800—1 200 plants- hm ), medium
density (1 200—1 600 plants-hm?) and high density (1 600—2 000 plants-hm ). [Result] (1)There were 87
species of shrubs and herbaceous plants in the 4 forests, belonging to 36 families and 69 genera, including 46
species of shrubs in 22 families and 36 genera, and 41 species of herbs in 17 families and 33 genera. The
number of understory shrubs and herbaceous plants was the largest at medium density, showing that the natural
secondary forest of P. davidiana-Quercus was the highest, and the artificial forest of P. tabulaeformis was the
least. The number of plant species in the shrub layer of R. pseudoacacia-P. tabulaeformis mixed forest was at a
high level, and the number of plant species in the grass layer of R. pseudoacacia was more abundant than that in
R. pseudoacacia-P. tabulaeformis mixed forest. (2) The shrub and herbaceous plants in the 4 stands showed a
transition pattern from sunny to mesophytic and shade plants with the increase of stand density. The dominant
shrubs were Rosa xanthine and Forsythia suspensa, and the dominant herbs were Carex spp. and Ophiopogon
bodinieri. (3) There were certain differences in plant diversity index between shrub layer and herb layer in
different stand types. The plant diversity of P. davidiana and Quercus natural secondary forest and R.
pseudoacacia-P. tabulaeformis mixed forest at medium density was better than that of pure artificial forest, and
with the increase of stand density the plant diversity index of shrub layer and herb layer as a whole showed a
trend of first increasing and then decreasing. [Conclusion] P. davidiana-Quercus natural secondary forest and
R. pseudoacacia-P. tabulaeformis mixed forest in the study area have complex plant composition and high plant
diversity at medium density. It is recommended to adjust the stand density by artificial tending, and transform it
into medium-density R. pseudoacacia-P. tabulaeformis mixed forest or near-natural forest, protect P.
davidiana-Quercus natural secondary forest in the study area for better vegetation restoration and soil and water
conservation function. [Ch, 1 fig. 4 tab. 26 ref.]
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—, RMHEMPNDEIE | R R A, BRI AR T AR RS 2 A R T bR R T
FEMERGRD, A A MR o2 B X A MR VE R 2 A L R R AR K R R e A AR,
I, EAEREZIETHDEEX A2 Piced . ¥2K Cunninghamia lanceolata . 5JEHS Pinus massoniana'™
THFAN SE N TAEMM N Y ZFE 2 7 RS, IFR S AR IEME B . YMr BEARTR], Mok
RUARTR], [RIFE S ARG ) Z2 RE e = Az 5g e o 12136 B 250 0 4k 1 IX IR 1L 5 58 Michelia maudiae . 'R G %
%% M. chapensis. 214k Castanopsis hystrix % N TARFURSR K AEMAEY) Z 001t oe, 1R e S &
RN THARTHEA Shannon-Wiener 78 8K T RARK A AR, HAKT A Shannon-Wiener 7545 = T KR IK
MRS s REFT X RN 3 BN FEARE N TAREY) 2 R . 5 S N TIRASHT $E 5
M AEY Z R TAA A ROREAET L o S50 FEE P A XX N TR AR HE B ) Z e vt i
AT THHOCIESE o SR LA Lo R 2 TARIRI A28 BE 451, JT R 5 I MR SR AE R IR AR 3 9% B 45 1 T 2
TP 22 REMERR AN, B2 DG T D 8 e XOAS (AR R AR AN ) 285 BT TS e o A ) 22 M R R AT
9% o AT LB P B b ORI AR N AR L AR AR N AR L JIRR -l A8 AN TR AS AR UL K2 1 4% Populus
davidiana-¥k3& Quercus spp. RKIRT M NIFFTEXS 4, W 4 FhARSLEAR S (800~1 200 k- hm ), &
JE (1200~1 600 #k-hm?) AR = % (1 600~2 000 #k - hm ?) 2505 T #E R AL RANRE ) Z BEVERRAE,, LI N
PG B XA B RK R RF D e SR T SR pE R S Al

WL ERE

1.1 HREER

BESE I3 T L PE A 75 L2501 Tk (36°147277~36°18'23"N, 110°39'45"~110°47'45"E), [HifZ 40.15
km?, RN 897~1 515 mo J& Tl il KRB PEZ UM, X RIEAF KR 25 579.2 mm,  HFEKSEH1E
6—9 H, i &K E 80.6%, HATHAIH +FRIFVAA M, K LRI E, T LFRAHE L,
WAL, R, R X TR LRI . A . AT Platycladus orientalis 55 N T AR5 -10 AR A%
Quercus wutaishansea 55 KIR K AR F . #EARLLE B L Rosa xanthine . FLH) Periploca sepium F'T
Syringa oblata 5K F . FA FEA ELH Carex spp.. PiHL Rubia cordifolia 55 .
12 HFMAESEAERE

T 2020 4F 7—8 HEINTPUA T B F NIk A7 2 i 2P AME A, DURTRMR S 28R R S35 B R AR
P, HeRE EAT SR AR AR TR L TR TR . IR - AS N TR SR . I -BRIE R AR R A=
Mo 4 FARSR 34 Ry 22~25 4E AL R AR AR, K e R ORR 43 B 43 g AR B (800~1 200 A% -hm %), %
(1200~1 600 Bk-hm2). &2 (1 600~2 000 B+ hm™2) &5 3 Fh5 B, AR5 S 3 20 m x 20 m [9RE
M, it 36 B (R 1), BFEHBIUA SR E S MEART G mx 5m) Al S ADNEAMT (1mx 1 m),
PER T NAEYIF S . BB WSS, AR SRR <2 m BT ARG I SRAEE AR
1.3 B EHEEIHTE

K H & BE 48 2L [Patrick £ & BEFR EL ()], ZHE 148 £k [Simpson #§ %% (D). Shannon-Wiener $i %k
(H')] LAY 2] FEHEEY [Pielou H5J FEFERL (Jsw)] RAEA RSP R BUMT HE R ROAE ) A 1E)
14 HIELHESSH

K H] Excel 2019 Geit4idli, >R SPSS 25.0 HH i FLH 2R J7 225347 (one-way ANOVA) Fllfe/)N i 35 1 22
Sk (LSD) X AN [FIAR A 2R ARIAE AN [R]85 B 45 1 T BERL AR Z e PR EA T 0 25 PR 50 (P<<0.05), RN ZE T
25T (two-way ANOVA) ST R ar 2880 | AR 235 B B AS HAR T AR T HEFCAE ) Z AP AR . R
Origin 2021 {42
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2.1 ARMSEBINZTELSGET AR T ESEE Y HR RS

ZHA, AR LA A Y 87 Fh, SR 36 B 69 8, H P HEARZM Y 46 Fh, FE 22 Bl
36 @ (K 1A), FARZHY 41 F, FJE 17833 )8 (K 1B). WK LF, 11#5-BRIEKIR R A MR
EREAR YL, s N T, HRAR -0 A A TR 3SR 8 E A 20 0 B0 F 5 v K
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F1 FEMERER

Table 1 Basic information of the sample plot

G328 LBk - hm™?)

Moy W/m  BE) Ma#/cm 5 /m AR B Mo
R Fesh2  FEHL3

1210 24 9.85+2.68  7.79+1.86 0.38 975 1000 1125 R

SRR T AR 1150 25 9.98+3.45  7.49+2.34 0.56 1500 1550 1 600 rhig
1150 30 8.15£3.93  7.67+2.86 0.35 1775 1850 2000 =

1130 29 13.04+£2.91  6.96:0.85 0.57 900 950 1050 iR

TS A TR 1140 37 13.8242.38  8.25+0.75 0.62 1500 1550 1550 i
1120 14 10.11£3.63  8.93+2.08 0.43 1750 1800 1875 R

1120 27 10.36£3.45  7.42+125 0.54 1050 1150 1200 R B

TAR-THFA N TR SS AR 1140 15 9.93+4.04  9.10+1.89 0.52 1550 1550 1600 T RE
1140 18 9.61+4.33  7.40£1.72 0.62 1 800 1850 2 000 R

1040 20 11.24+4.12  9.46£2.42 0.38 950 1050 1150 i

WL -BRIE R AR U AE AR 1070 22 1020£3.77  9.68+2.37 0.41 1550 1600 1600 TR RE
1060 24 10.4243.14  9.64+2.34 0.68 1825 1875 1950 R

il WA R B E R P (AR R
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FHE THA M- LLA-AR papiA T FRE- LAk
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A1 REAk g R A Aok 55 8T A A A
Figure 1 Number of shrub and grass species under different stand types and densities

L IR TAREAS AR ) A AR - AN N TIR SR o AN A bR o3 28 UK T W e 20 i Pl 2% 32 722 Ak
B —ERNA, WTETP RN MR Z . GEORE, 4 PRI RE R A RN LA - BRI R AR IR
AEARFRIRR - AN N TR SSARAE 4 JE I

4 TR HEAR)ZE FEAR AR EAFMOINE, HEAfE—E 20 MR 2 M. EEARE T, BETE
3PN TR BRI HE, #E58 Forsythia suspensa 7 1A -BRZERIRRAE MR K, ATLIE H . 4
PN TARAEAR S E RS, KM Periploca sepium . ¥V §§ Hippophae rhamnoides A B R 18 % T,
WI%F Rubus corchorifolius . FLMMEAEE K s FEEEER, P58 R parvifolius . 23 W ¢ %) Ampelopsis
aconitifolia X, H % FEMR 5 A B o IhbA N TARTEAR S B, R o A e X L3, 1 B qH A )
71.87, HATHICHBR ; Terh B BEwE, YDl Hippophae rhamnoides . FLM GRS, ARDST &K
Syringa reticulata var. amurensis % 85341 ; TEE SR, BDTHC AR RIR-MA N TR
MRTEAREE BEIE, P48 . FLMIAOIRH AR TErh B B 2P . 14 A B E S, O 5 Sk i i A 25 A o
Hs R, Sk e A . PR EEAREFN . IR R IR R A ARTEAR S L, A A
Amygdalus triloba M ¥ Cotinus coggygria i BB RMHE, BILAREEE 54, AEHEER, NEAR
Abelia biflora R4 Rhamnus davurica 5B RN EE% R, W TEHAT Elaeagnus pungens 55
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Tt BPEAE AT UL, AN [RIBR ST 2SN[R 25 B 254 B BE AR S AE ) 52 I BH AR —rh A= —BR AR 1 AR AR A

4 TR BEA 2 BT BA — I —E 2R, AR 2AH: FERAZEY, JA TR
TEARZ R, LLERF S Artemisia gmelinii iy Digitaria sanguinalis I E2 Saussurea Japonica hE
R BE IR, BRAT s B B AR A O SR BT BN, BB B Phalaris arundinacea. i B B Ophiopogon
bodinieri 5 BKMFH; BN, WHHH . BERAT S OLRIE K, RSN IEHEF Z — A TARTE
fi5. H . " EERT, W Patrinia scabiosifolia ¥1\5 AR, HBEE R R H I 725 B S0
B - AN TR S MRTEAR S E B, DA E S Artemisia stechmanniana . W B4 FIRRAE Sk Aristolochia
debilis 3 ; WREERT, WO, SRE . IR ET GO R R, Wl L VR AR v % AR
BUEN R, HERRA SRR H . I BRI RARAEMAEA R B BE N, 225 A BRI R
A7 -BRE R IR IR A MR R 248G Carpesium abrotanoides F1JE 2 5 Agrimonia pilosa R K ; W% BERT,
L 2 4 Melampyrum roseum FUB ML . Desmodium heterocarpon (544 8RN % RS, BEEE % Tulotis
fuscescens WK EBMEF 2 —, HEFR 4340 ) E2WF Dipsacus asper. o 28 55 SR BAVERY . AT UL,
AN [RIRR A3 B AR ARS8 B o WA 2 R B3 Rh DA BHAE AL o 32, R BE RN R 3 B, RO 2 AR S L
POYA TR RB7 S, At S S = N 1) R DS E=R TR Y L7 by fe

x2 IEERCEYMEEE

Table 2 Important values of main shrub and grass plants

TR R FEAEY) S EEHE
Moy2eRd AT
WEARR BAZ AR R
(R 0 s HOHIH(42.96), FIA(19.64). DHK(14.07).  BRATH (19.88). HJFH(19.20). KEZ
e T (4.09) (10.77). #%H$85(0.39)
i HONIE(34.89) . ILIAE(24.85). FTHI(15.05).  BEEE(27.52). WBH(13.88). BkAT
MR R . FHE9.45) . By HE 4 (4.33) (12.34), Z£79.21)
B BOB(30.95) . FEF(20.87). Sk iHiwE WYY FL(34.99) . #EF(30.03), X
S ! 7 %j(16.20). FTHI(13.97). ¥DTHE(7.04) (14.43), HiF(1.75)

W (33.78) . RAEK(29.94), HIE®
(18.82). Z£¥i(6.68)
HORIE(39.83). WPH(15.36). FTMN(14.37). WK FE(34.49). EF(18.91), HEE

I s 6 7 BORBU(71.87), FLHI(14.12). WPHER(2.72)

N \ BRRE

AT T 8 BT TH(12.45) (14.23), #55(1.48)
. AT H(58.78) . HEAlEL(29.17). VPl ZEF(4538). M (31.33). VAR (14.23),
T 3 5 (12.05) IE#(6.64)

. R (34.54), FHi(18.96). FTMI(17.93).  FI:EH (26.95). KBFH(14.34). WALk
K% 13 16

ISP (3.83) . T (0.44) (10.02), MHH(9.91)
o HORIEG3.10), FHT03), IHR1224),  WQT84). THIE1040), THS9S).
oA VE 2% iy
M-S A TR e 15 14 S ATAT(11.24) HEH(15.15)
e 3 MHERTET(26.60) . BORIE(25.41), 3 IHE(3595). WHRH(28.71), HEH(14.30),
WEE 1 8 #(13.39). HER(5.31). BA051) BRFFHi(4.00)

. HERH(30.90) . HiTIARE(14.95), FEH9(13.09).  AEF(33.68). KAAE(15.13), JeZFHE
%R 19 13

L HRHR(1.70) (14.25). 11%1£(7.86)
. ZER(20.80), FSIEA(10.16). BRA(9.57).  EEH(39.47). WWFAE(15.20). b T
RRFERIRIK s )
WE-BRRMRENR PEE 20 14 3 S A 45 (5.51) (9.80). JeHIF(6.35)
2 HERH(38.12), HIMHE(17.06), AEAREB60),  EEFL(3091), FER(16.66), EHE(1135),
12 H W T(3.55) T2 (7.01). JIZEWT(2.12)

Ul S TPEE N EEAE . #EARIZRRE Ziziphus jujuba var. spinosa. A2 E Artemisia argyi, S ¥E Lolium perenne ., i
3¢ Hemisteptia lyrata. i BE¥ Leonurus japonicus

22 AEMSEBMBEFHTH T EREY SHEERHE
XA [RI B  SE RUFIA [R]85 B2 26 1F T AR B B AR ) 2 REPEIEA T XUR R T7 22030 W,  TE bk oS B4 2
A —HZAEHT, WFERZHEARZR S D, HAREFEZR (P<0.01), EARZE J,, AR IEH
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EF ™A B E 25 (P<0.05), FEMDEEMEH T 22550 8% (P<0.01), TEM2EA 5% 5 22 .
YEFIR, IR D, AN B EZESR (P<0.01), EARZEMN SAWEEZER (P<0.01), ZIEEAEEFAR
EAREER (P<0.05), BEAJZE J, MRS MorEE R A TERTHALE GE3).

R3 AEAMSEBNZEZG TR TEEEDSHENRNEREATES T

Table 3 Two-factor variance analysis of stand type and stand density on understory shrub and grass plant diversity

- s D H Jow
AR — — — —
AWE  F P AmE  F P HHE  F P AmE F P

izl 3 232838 <001 3 89.562 <0.01 3 128906  <0.01 3 3362 <005

AR AEE 2 48.091 <0.01 2 18.603 <0.01 2 20.530 <0.01 2 21792 <001

RO AD MY B 6 14232 <0.01 6 6.181 <0.01 6 5370 <0.01 6 11824 <001
% e 3 71152 <0.01 3 25589 <0.01 3 42011 <0.01 3 0370 0.775
HAR  WAEE 2 45.818 <0.01 2 20,084 <0.01 2 32.356 <0.01 2 0.428 0.657
RAPHT xR 25 6 2970 <0.05 6 6.613 <0.01 6 4382 <0.01 6 2477 0.052

ANFEMRIF R R B XA S Dy H AR Jg,, RIVEARRIAZ M, HEA AR (€ 4).
AFMISRBIHEARTE S H KRB ON 117 -HR2E R IRUCLEAR . RIS A TR A . R T
ML AT, HALAg R R IRUCEAR S N T A M7 1 825 22 5 (P<<0.05), ARSI FARZ
S’ H' i w3 A -BRIERIR AR, S RAY R AR N AR AR AR R MR AR D
Jou NFEILE I, H 3 M THREARZH Jo, 27 BARE . AR REEAR RS AR SR
BAEAWRIESR, NTAMERZZHMERBRT AR, WSR2 KRR AEMREARZ SRR 2
T EAR.

x4 HERSRBETEYSHFNE

Table 4 Bush-grass plant diversity index of typical stand types
AT AR
N D H Jsw Ay D H Jow

W 5.67+0.33 BCb 0.69+0.04 Ba 1.38+0.10 Ba 0.79+0.04 Ab ~ 9.67+0.33 Aa  0.8120.03 Aa  1.91+0.10 Aa 0.84=0.03 Aab
TR T AR I 9.00£0.33 Ba 0.76x0.01 Ba 1.68£0.04 Ba 0.75:0.01 Bb ~ 8.00+0.58 BCa 0.82+0.01 ABa 1.84+0.08 ABa 0.890.01 Aa
WHE 5.00£0.58Bb 0.74+£0.04 Aa 1.45+0.15Ba 0.91£0.03 ABa  6.67+0.33 Bb  0.74£0.01 ABb 1.56+0.04 Bb 0.82+0.00 Ac

K% 4.00+0.00 Ca 0.45+0.02 Cb 0.88+0.03 Cb 0.63+0.02Bb  5.00+0.00 Cb  0.71+0.01 Ba  1.38+0.03 Bb 0.86+0.02 Aa

LN HEE 433£033Ca 0.69+0.04 Ca 1.29+0.11 Ca 0.88£0.03 Aa  6.67+0.33 Ca  0.77+0.01 Ba  1.64+0.05Ba 0.87+0.01 Aa
FE 2.00£0.00 Cb 0.48+£0.01 Bb 0.67+0.01 Cb 0.96+0.02 Aa  3.00£0.00 Cc  0.56£0.03 Cb  0.89+0.07 Cc 0.810.07 Aa
1%

I 7.676033Ba 0.74+0.02 Ba 1.54£0.08 Ba 0.76£0.03 Aa 7.67+0.88 Ba  0.77+0.03 ABab 1.63+0.12 Bab 0.810.05 Aa
R AN TR s
R 9.21£0.00Ba 0.77+0.03 Ba 1.7140.08 Ba 0.78:0.04 Ba  6.00£0.58 Ba  0.75£0.00 Bc  1.48+0.04 Bc 0.84+0.03 Aa

T 9.33£0.58 Aa 0.80+0.02 Aa 1.81+0.11 Aa 0.82+0.03Ca  9.00+0.00 Ba  0.84+0.01 Aa  1.97+0.03 Aa 0.90+0.01 Aa

WHE 1633+1.33 Aa 0.85£0.01 Ab2.30+0.08 Ab0.83+0.01 Ab  9.67+0.33 Ab  0.81£0.00 Aa  1.91+0.03 Aa 0.84+0.00 Aa
WIAFRRIRUAEM S 18.67£0.67 Aa 0.90+0.00 Aa 2.58+0.03 Aa 0.880.01 Aa  12.33£0.67 Aa  0.78+0.02 ABa 1.930.10 Aa 0.77+0.03 Bb

FEHE 10.00£0.58 Ab 0.80+0.01 Ac 1.92+0.04 Ac0.83£0.01 BCb 833033 Ab  0.81£0.02 Aa  1.86+0.08 Aa 0.88+0.02 Aa
P REFRRMIFR R T AFM A0 2 57 B35 (P<0.05); /NG FRAKIF— AR AR R 785 B 1] 22 57 12 (P<0.05),

[l — bR R BUARIR BE 25T, BEE B OR, 4 PR AR T HEARZ IR A JZAE ) Z R TR BOR 2
B RFE/ N ER . PRI THIEARE D, HTEPREERK, RO SR [R5, H
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