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Biodiversity of Herbaceous Plants and Soil Physicochemical Properties in
Typical Plantations in the Loess Area of Northwestern Shanxi
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Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing 210029, China;
3. Institute of Loess Plateau Research, Shanxi University, Taiyuan 030000, China)
Abstract: [Objective] To explore the differences in the relationship between herbaceous diversity and soil
physicochemical properties of different stand types, [ Methods] Four typical plantations in the loess region of
northwestern Shanxi Province, including Pinus tabuliformis pure plantation, Populus microphylla pure
plantation, P. tabuliformis and P. microphylla mixed plantation, and P. microphylla and Caragana korshinskii
mixed plantation, were studied to analyze the differences in herbaceous diversity and soil physicochemical
properties among different stand types, and to study their correlations. [Results] 1) There were 35 species of

understory herbs in 12 families and 30 genera in the study area, and the dominant species were Poaceae. There
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were significant differences in the Simpson diversity index, Pielou evenness index, and Margalef richness index
among the four typical plantations (»p<C0.05) , with the P. microphylla and C. korshinskii mixed plantation
showing the highest values. 2) There were also significant differences in soil physicochemical properties among the
four typical plantations (p<C0.05) , with the P. microphylla pure plantation and the P. microphylla and
C. korshinskii mixed plantation exhibiting the best soil properties. 3) Correlation analysis and redundancy analysis
showed that there were differences in the effects of soil total phosphorus and soil water content on herbaceous
diversity among different stand types. Soil water content was negatively correlated with herbaceous diversity in
P. tabuliformis pure plantation (p<<0.05) , but positively correlated with herbaceous diversity in mixed forest
(p<<0.05). Soil total phosphorus was significantly positively correlated with herbaceous diversity in P. tabuliformis
pure plantation, and in P. microphylla and C. korshinskii mixed plantation (p<Z0.05), and negatively correlated with
herbaceous diversity in P. microphylla pure plantation, and in P. tabuliformis and P. microphylla mixed plantation.
[ Conclusion | Soil total phosphorus and soil water content are the main factors affecting herbaceous diversity. The
results of this study are of great significance for understanding the ecological functions of understory herbaceous
plants and soil properties in the loess region of northwestern Shanxi Province.

Keywords: loess region in northwestern Shanxi Province; plantation; herbaceous diversity; soil physicochemical

properties; correlation; redundancy analysis
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Fig.1 Overview of the study area
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Tab.1 Basic information of the sampling site

g noEs WR/m o B PR em TEIBE/m A/

WMV SR Pinus tabuliformis) 1365.63+154.08  1184~1388 LMl 14.77+0.93  6.75+0.46 20~24
JNF4 56 CPopudus simonii) 1003.12484.98  1241~1303 (1 15.2040.65 6.87+0.83 21~26
(Pinus l;fﬁ;;iizfi;iijélmoml) 1209.38+86.53 1174~1398  2fFH 18.004+1.86 6.55+1.32 21~26
N AT ARSI 1175.00£96.36 1093~1364 0 16.104+1.33 6.2840.67  20~29

(Populus simonii-Caragana korshinskii)

TE R PR3 B PR AR PSR P E AR DR . R

IR T 7K LD 4 ey 38 5T 5 >R H Kjeltee
8400 Bl FG A AU 5 4 18 42 0 s A FH AH B bt b € ki
S - 98 A Tl AR R AR 5 ) R TR A R
B BT 5 R FH B A5 00 2 - S e e R
1.32 ¥ASHMORERTE EGDFH AL
B2 1 mX I mW/NED  HTFREAZEA, i3
SR B T B TORE T O S AR ) B SR R TR A e
BRI REL Wl i B R FE 55

R A8 SR 42 B dle |, 42 BN ST B AR ZREME R 48

I,=(H+C+D)/3 (1)
M=(S—1)/InN (2)
Dzl—z,b? (3)
*SP[lnP,
P:IIT (4)

A H AR AR X = B V605 C oA W AN 5 B, 00 5
D Sy K W) AR X B L 06 5 1y g B {H s M Ol Margalef
F 5 BEF5 50 ; D 4 Simpson £ FE #8405 P A Pielou

Y S) BEARH ;S I REVE rh i W) R B N R BT o 1 ) e
A SE N SR LSRR B AR SR B PR NL/N
1.4 HIEAE

f87 FH Excel 2021 34 Wi 5 2 #1845, R T SPSS
22.0 BRAF X H A AT 5 R 2R 0 A i, X TR AR 3 2
YRR T A 22 R R AT 22 SR A 5, OF 23 A AR R
HARZHES L EMAER MM XE . R
Cancoco 5 # M H ) RDA TUA i Mt 58 ok T AR £
FEME R E B 1,
2 HBREHMW
21 AEAMDEBERTERSHMEM T IZEBELER

T

HJE A AR RAFP AL 128 308 35 %, & M)
RN TFEARBAEZS AEZEURAR TR
Eo H i ms s bk 7 R 20 J8 22 R, /i g 4l bk 9 B
20 J& 21 Bl , WA /N A7 TR A AR 9 B 17 J& 20 B, /i
Bk 5 8 Bl 21 J@ 23 Fl o N [RIAR A3 2 RUMRR REACHR
AR, 38 L R B AN R AR A S R Y
PEgimh (3 20, Horpr | B Ry il A S AR L/ i A7 Al AR

http. // stbexb.alljournal.com.cn



o5 41 AR R A P L DX R R B A g SR I 161

AR /NI A7 R SE AR B P S, B B A0 D 16.500 . AR MR ZE BIC, HEH 20 Wl 10.306.10.16 045 5
13.9% . 17.5% ; DK B0 M2 AL @ 7 AR AR BB A AR /D g Ay 2o 20 A, EL A IR B 6065 4
w5, 20 15,300 . 10.6 00 s AR/ AR R EE R L Bk B P DR ] HRORIREZE BT A AR 2

SRR BB 12,7500 s /N A by ARSI O 46 B AT o0 A
®2 FRAAIHKTEYBEDHARRERE

Tab.2 Species composition and importance values of the understory plant communities in different plantations

2 J& i RlHEVN ANUR 7R AAND S 7N U 7L Ei S
RAF 5 B B 1 (Leymus secalinus) 15.50 13.90 17.50 5.00
RAFL KE 8 VKE CAgropyron cristatum) 15.30 0.80 1.30 1.67
TR AT I8 WKL F (Lespedeza bicolor) 14.70 7.75 1.67
Eop L WA 8 (Artemisia annua) 10.60 2.50
RAF EEDE 3 (Imperata cylindrica) 7.50 8.43 10.08 4.90
PRt E e e % ZE W 3 (Potentilla kleiniana) 5.25 2.08 1.83
TR EEGE 15 (Medicago ruthenica) 4.80 13.00 6.08 10.30
R R BHE T 1 (Astragalus larmannii) 4.08 6.07 1.50 9.16
oA LREE 1B (Salsola abrotanoides) 3.25 1.21 2.08 3.91
Ex B P ] ) P& B B BA ( Thermopsis lanceolata) 2.17 2.25 9.38 7.08
PR H3 g HHE (Hedyotis auricularia) 2.08 6.16 9.50 3.91
ARk B4R W #5 # (Lactuca sibirica) 1.50 0.10
P AL PP I ANWHECGalium hoffmeistert) 1.30 8.08 1.30 8.00
JEIEFRE S M B C Thymus quinquecostatus) 1.25 4.17 1.75 2.00
TR Eigeey HRBRR W 1 (Astragalus melilotoides) 1.25 3.25 1.38
RAF KERE K& (Hordeum vulgare) 1.17 1.00 8.75
g =1 M 3% 8 (Artemisia gmelinii) 1.17 12.75 1.67
P HE} g 7 5L R H AL Mg ¥ (Scleromitrion diffusum) 0.96
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Rk T UKEE s Mtk (Bassia scoparia) 2.67 0.19
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Ee HiEm 411 2% (Viola tenuicornis) 1.75
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RAF R e I i (Digitaria sanguinalis) 6.00
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E] ARG IS I07 N 1 7 N3 < B NI A = S 5 (p<<0.05) ; Margalel F & J& +8 A 4 bk 7 JE #Y
Simpson £ £ 4 45 % Al Pielou 34 &) J& 5 %034 78 /) i) 22 S5k 2 (p<<0.05) , i KR B /NHESI N/ it 4
LR 77 i o 1l NI SIS I T = S NV N Y 77 o Py 25 1R 28 B L /N Az 4l bR b A 2l bR RN 3 A s i
B NIV N O 7 VN Rl N S S P ol 1 16 28 Mk o

http. // stbexb.alljournal.com.cn



162 K AR TR 2E R %39 %
to. s 22 3 1 R IR bk 43 2 T8 % Bk 4 P B
p  EEMargalefE R B S TLBE AL AR R A

iﬁl.S Wt fe 2% 22 5 (p<<0.05) .
&0 DB B B K L /N 4 R 2 MK 4
& o0 BUAR BRI A5 7L B JE B3 5 T 3 A A 4 260 (p
. 0.05) 5 /N I o 4 Ak J5e S K 40 1 B 40 BB 75 L W

[ 2

TEMSEBERSHEREH

Fig. 2 Herbaceous diversity indices of different stand types
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Tab.3 Soil physicochemical properties of different plantations
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N 1.31+ 12.00+ 36.51+ 30.71+ 36.51+ 13.984 0.70+ 0.61+ 3.78+ 70.704
ali bk 0.11a 3.26bc 0.85a 1.27a 3.73ab 4.40a 0.16a 0.05a 0.93b 21.30a
iR /AN 1.39+ 10.484 32.37+ 30.50+ 32.37+ 8.834 0.30+ 0.48+ 11.604 27.82+
IR AR 0.04a 2.04c 0.33ab 0.47a 0.57ab 2.00b 0.03b 0.06b 3.31a 3.51b
JINH A7 R 141+ 15.494+ 29.04+ 26.21+ 29.04+ 9.824 0.44+ 0.56+ 7.494+ 26.45+
ZRIR B 0.09a 0.64a 2.00b 2.00a 2.73b 3.64b 0.05ab 0.02ab 1.18ab 4.22b
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Tab.4 Correlation analysis of soil physicochemical properties and understory plant diversity in different stand types

5B FIE A (p<<0.05) , 5K (R B4 i FL B B A
R A7 48 5 f 3 1K € (p<C0.05) \Pielou #4415 #8 5
A FR T 52 0 S 2 TR O (p<<0.01) , 5 FL Bt i B2 4%
FAHR L (p<<0.0D),

gAY EisR 7 RBUT R K RBUM L FLBRE  AMLR R 2 HAEE A
Simpson ZFE G 0.65 —0.64" —0.66"  —0.03 064 058 045 —0.62'

AR Sl AR Pielou ¥ 57 B 45 4k 0.71" —0.70° —0.78" —0.14  0.60° 049  0.53 —0.66
Margalef £ & BEd5 %L 0.52 —0.60" —0.50  —0.10 0.46 0.06 —0.89  0.04
Simpson ZF 8% 0.52 0.32 —0.52 0.01 —0.67 —0.10 —0.42 —0.77

ANUR7ELIRN Pielou 357 £ 45 %4 0.23 0.31 —0.19 0.02 —0.80° —0.22 —0.37 —0.87
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Tab.5 Multiple regression equations for soil physicochemical properties and understory herbaceous diversity

Mgy Z R Il =1 7 R?
Simpson £ FEPEHE 5L 5,=2.321BD+0.087SWC+2.348TP+0.724 TN—0.531AN 0.476
A £ R Pielou ¥ 4] J& 45 %k P,=0.997BD—0.246SWC—1.525TP—0.033TN 0.553
Margalel & & J& 15 44 M,=—0.598SWC 0.357
Simpson Z # M 15 %X S;=—0.955AN 0.912
AN TEZ N Pielou ¥4 5] BE 45 %% P,=—0.982AN 0.964
Margalel =F & J& 48§ 44 —
Simpson £ FEPE 5 %L S, =0.671SWC 0.450
AN/ AZIRZE M Pielou 5] 4544 P,=0.797SWC 0.635
Margalel = & & 5 4% M,=—0.64S0C 0.410
Simpson £ FEPE 5 %L S,=0.599SWC 0.359
NG FT IR MR Plelou 5] 4R 4K P,=1.095SWC+0.10450C—0.191TP 0.726
Margalef 4= & £ 45 £¢ M,=0.797SWC-0.527SOC—0.792TP—0.322TN 0.608

TE:5,.5,.5;.5, 1 Simpson Z K V45 5 Py Py Py Pyl Pielou 35 21 B2 48 80 M, .M, . M,y Margalef 7= & Ji 7 % s BD 2 - 52 (A BUS 4t
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