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Abstract: [Objective] Long-term vegetation restoration in the loess area of western Shanxi Province of
northern China has significantly improved the ecological environment. However, the factors influencing
understory vegetation diversity following the restoration of different tree species remained unclear. This
study aimed to explore the differences in species diversity of understory vegetation between typical
plantations and Quercus liaotungensis secondary forests, to reveal the regulatory effects of stand growth
parameters and soil properties on herb layer diversity, and to provide a scientific basis for vegetation
restoration and ecosystem management in the Loess Plateau. [Method] Random plots of typical plantations
(Pinus tabuliformis forest, Platycladus orientalis forest, and Robinia pseudoacacia forest) and natural forests
(Quercus liaotungensis secondary forest) in the loess area of western Shanxi Province were selected as study
sites. Stand growth parameters (biomass, plant height, crown width, cluster diameter, etc.) and soil properties
(bulk density, porosity, total nitrogen, total phosphorus, total potassium, available nutrients, etc.) were
measured. The a-diversity and B-diversity of understory vegetation in 2017, 2020, and 2023 were calculated.
Principal component analysis, correlation analysis, and redundancy analysis (RDA) were employed to
identify the driving factors of diversity. [Result] (1) The a diversity index of herb layer in Pinus
tabuliformis forest and Platycladus orientalis forest was relatively stable, and their Simpson index were
significantly higher than that in Quercus liaotungensis secondary forest (P < 0.05). (2) The species diversity
of herb layer in Quercus liaotungensis secondary forest was significantly lower than that in plantations, but
the average biomass and crown width of understory vegetation were the highest, indicating that competition
from dominant species suppressed diversity. (3) The soil quality of four stands improved steadily under
long-term vegetation restoration. Soil total potassium was significantly negatively correlated with PIE index
(r =-10.334, P <0.01) and Margalef index (r = — 0.394, P < 0.01). (4) Herb canopy (contribution rate of
24.6%) and belowground biomass (contribution rate of 20.9%) were identified as the primary factors driving
the decline in diversity. [Conclusion] Plantations can optimize understory vegetation diversity by
regulating soil nutrient balance, while Q. liaotungensis secondary forests require moderate disturbance to
alleviate competition from dominant species. These findings provide theoretical support and practical
guidance for vegetation restoration and biodiversity maintenance in the Loess Plateau.

Key words: the Loess Plateau; understory vegetation; diversity index; vegetation restoration
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Fig. 2 Interannual changes of a diversity indices of understory herbaceous communities in typical vegetation restoration stand
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Fig. 3 Interannual changes of Jaccard index of herbaceous communities among typical vegetation restoration stands
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Fig. 4 Interannual changes in Jaccard index of herbaceous communities within typical vegetation restoration stands
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Fig. 5 Interannual variation of growth parameters of herbaceous layer in typical vegetation restoration stand
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Tab. 3 Differences of soil properties in each soil layer depth of typical vegetation restoration stand

Pt RRIREE

KA cm

A/

, 1%
oy U

2R/
(mgkg ™"

Ex
(mg'kg

HAH
(mgkg ™)

e
(mg'kg

A
(mgkg™)

AR/
(mgkg ™"

AR
(mgkg ™"

0~10 0.97+0.04b

10~20
20~ 40
kR 40 ~ 60
60 ~ 80
80~ 100

iy

1.07 £0.03b
1.03+£0.13b
1.24+0.01a
1.21 +£0.04a
1.29+£0.052a

1.14+£0.13  52.88+3.11

395.34 £ 96.47

58.18 £2.34a 582.46 +45.54a 440.71 +21.52¢
50.88 £4.62b 399.25+16.62b 494.55+ 14.05abc 15 979.59 £ 876.42b  5.90 £0.63¢c  8.58 £0.54b4.85 £0.19b

5170+ 6.71b 372.32 +27.31bc503.09 + 33.75ab 12 683.56 + 545.74c
54.47+2.08ab311.98 £3.65d 447.84 + 34.54bc
49.38 +2.86b 338.13 + 10.83¢d 528.88 + 10.16a

52.64 +£4.47b 367.90 = 19.99bc463.95 + 21.66bc

479.84 £34.55

80.54 +5.94b
70.94 +3.58b

17901.40 £ 1 019.10a 9.67 £ 0.76b  8.26 = 0.86b 7.08 £ 0.83a

10.72+£0.63b 10.31 £0.7523.78 £ 0.12c  74.70 +2.76b

1176547+ 536.01c 10.21+0.87b 8.43+£0.68b5.08 £0.19b 80.36 + 1.23b
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15052.42+233536 1041+2.61 8.64+090 4.75+1.29  78.43+6.98

0~10
10~20
20 ~40
Ak 40~ 60
60 ~ 80
80 ~ 100

4

1.12+0.03d
1.20 +0.05¢cd

1.22+£0.07bcd 51.21 £ 0.77ab 198.68 + 1.66¢

54.60 £0.95a 432.66 +28.12a 388.35+8.72¢c
49.92 +3.64b 395.58 +24.15¢ 399.66 + 16.57bc

439.01 £ 23.69ab

1.34£0.10ab 50.79 +3.53ab 167.97 + 12.59¢d 460.13 + 43.23a

1.28+£0.15bc 48.74 £4.56b
1.44+0.06a 50.16 +0.34b

1.27£0.11  50.90 +2.00

144.08 + 4.46d
137.39+11.03d

246.06 + 132.46

315.16 +34.23d
263.96 + 24.85¢

377.71 + 74.83

13 504.68 + 340.54b
11 834.02 £ 561.95¢

80.00 £2.71ab
86.65+4.81a

8.62 +0.47ab 14.06 + 1.12c 4.71 £ 0.26¢
6.77+0.65¢d 12.89 + 1.51¢ 3.82 £ 0.14d

1135042 +707.42c  8.26 + 0.38ab 13.23 £ 0.42¢ 4.52 + 0.34cd 75.32 £ 4.54bc

14 353.57 £ 689.37b  9.35+0.93a 29.06 = 0.74a 4.83 £ 0.53¢ 76.24 £ 7.65abc
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T
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1.46£0.17a  49.13 £ 1.66a
1.26+£0.12bc 49.08 £ 5.28a
1.24 £ 0.07bcd 48.79 + 2.99a
1.38+0.11ab 51.79 £ 1.55a

1.28+£0.13  50.11£1.27

409.09 +21.39a
290.22 +7.36b

192.97 +2.36d
242.59 £23.20c
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208.68 + 8.23d

256.31£83.43
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17 498.13 £ 1390.81b 7.63 £ 0.37ab 11.83 £0.77¢3.52£0.20d  98.03 £ 5.25a
19 240.85+495.25b  8.13+0.35a 13.20 £0.37¢ 3.95 £ 0.15¢cd 70.67 £ 3.25bc

19370.45+199.27b  7.15+0.33b 15.89 £0.78b4.45 £ 0.15bc 67.08 £ 6.21bc
18 151.20 £ 921.41b  7.01 £0.71bc 22.25 £ 0.5523.92 £ 0.19¢d 71.78 £ 5.24b
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24 031.56 = 732.06a  6.97 £ 0.38bc 11.20 £ 0.76¢ 6.61 £ 0.27a
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W o
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16 760.25 £ 1023.72b 6.20 £ 0.43cd 13.50 = 0.84a 4.28 £ 0.16¢
16 845.13 £ 114.36b  5.68 +0.28d 14.66 + 0.38a 3.40 + 0.06d
17493.10 £466.16ab 7.11£0.80c 9.31£0.42b4.07 £ 0.21c

16 632.99 +£1391.42  7.59+£239 11.03+2.39 4.46+1.20

124.87+591a
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Tab. 4 Interannual differences and variations in soil properties in typical vegetation restoration stand
- A/ ’ el i) gl AR THER A/ A
A K 07
RO HHRIA (grem™) L% (mgkg™ (mgkg™) (mgkg ™" (mgkg"  (mgkg) (mgkg  (mgkg"
JFABRHE 1.11£0.15b 5049 +£5.81a 38697 £82.38a 467.46+33.04ab 15 180.25+2806.26c 10.04£235a 8.08+0.80c 4.60+1.00ab 77.25+4.27b
fUAAARHL 1324£0.13a 49.40+4.04a 234.21+126.42b 366.99+61.98c 13 685.57+1641.82c 7.42+0.93b 18.83+8.20a 5.33+1.71a  72.09 £ 8.18b

2017 FUBLMME 1.31+0.20a

KA

1.38 £0.15a

1.28+0.12

47.94 +3.30ab 248.92 £ 77.13b  504.62 + 52.29a

4549 +£2.51b

48.33+2.16

406.99 +266.22a 459.36 = 73.70b

319.27+£90.30

449.61 + 58.50

19191.76 £2072.51a  7.22+0.93b 14.68 + 3.84b 4.46 + 1.02b

16942.15+1368.29b  7.43+2.37b 10.79 +2.58¢c 4.16 + 0.84b

16249.93+2370.21  8.03+1.34 13.09+4.69 4.64+0.50

70.06 + 11.55b

91.11+18.33a

77.63+9.49

AR 1.14 +0.15b

5397 £4.83a

AR 1.23 +£0.13ab 51.25 +2.86a

2020
e
YA

1.31+0.16a

1.24+0.08

FIRLRR L 1.28 +0.16ab 49.70 £ 2.49a

50.52 £5.79a

51.36 £ 1.85

393.17+98.22a 480.59 + 50.86a
249.28 £ 135.48b 382.98 + 103.87b

259.13£89.49b 529.60 £ 74.89a

42547 £276.23a 466.86 + 81.71a

331.76 £ 90.61

465.01 £ 60.96

15119.76 +1 841.12bc 10.30+2.51a 8.52+ 1.18¢c 4.85+ 1.42a

1373246 +2313.52c  7.83+1.36b 19.35+8.09a 5.74 +2.25a

19245.87+2819.67a 7.31+0.70b 1492 £4.27b 4.65+1.31a

16943.04 £ 113249  7.70 £2.58b 10.90 +2.35¢ 4.56 + 1.47a

16260.28 +2 38541  8.28+1.36 1342+475 4.95+0.54

77.94 £ 8.74b
75.24 £8.59b

76.63 £ 12.10b

9471 + 18.81a

81.13£9.12

HFARRHE 1.16 £0.11a
AR 1.24 £0.132

FIFLA L 1.24 +£0.092

2023
VoEs 1274023
T 1.23+0.04

54.17+ 1.81ab 405.88 + 112.76a 491.46 + 31.35ab
52.06+1.49b 254.69 + 136.74b 383.16 + 61.55¢

52.68 +£2.49b 260.89 +85.69b 540.59 +70.61a

5525+3.60a 434.24 +259.50a 485.59 + 80.59b

53.54+1.44

338.92+94.43

47520 £ 66.13

14 857.26 +2 475.80bc 10.89 £3.18a 9.32+0.82¢c 4.81 £ 1.51a
13577.90+2339.22¢c  8.06 + 1.44b 20.45£8.16a 5.73 +1.92a

19356.12+2 849.96a  7.03 £0.57b 15.32 £+ 4.06b 4.66 + 1.07a

16013.80 £ 1 891.91b  7.65+2.31b 11.41 +2.36c 4.65+ 1.30a

15951.27+247835  841+1.71 14.12+4.90 4.96+0.52

80.10 £ 10.17b
76.55 + 11.08b

72.37 £ 15.59b

100.59 + 23.86a

82.40+£12.53

s ARG PR RSO R 2 Rk 22 52 835 (P < 0.05)

£S5 MOERSEMTEEREEREMHZREMER Pearson 18X REFER

Tab. 5 Pearson correlation coefficient matrix of stand growth parameters and soil properties with herbaceous species diversity

izt H' D P Jow R Pl
TAP 0.123 0.200 0.153 0.160 —0.067 0.124
SBD —0.152 -0.203 -0.067 —0.174 -0.108 —0.176
TN -0.291° -0.274" -0.223 -0.314" -0.136 —0.170
TP -0.277" -0.282" —-0.252° —0.124 -0.158 -0.225
TK -0.267 -0.340" —-0.334" -0.156 —0.158 —0.394"
N-NH, 0.118 0.083 0.242" 0.083 0.047 0.217
N-NO; 0.147 0.101 0.211 0.133 -0.033 -0.035
AP 0.026 0.063 0.092 0.001 —0.047 -0.013
AK —0.246" -0.320" —0.150 -0.371" —0.034 —0.100
AGB -0.318" -0.417" -0.309" —0.428" -0.159 -0.406"
BGB —0.482" -0.599" —0.495" -0.557" -0.128 -0.331"
TB —0.466" —0.588" —0.470" -0.564" -0.156 —-0.399"
H —0.015 -0.079 0.014 —0.244" 0.036 0.019
DBH —-0.398" —-0.437" -0.343" -0.351" -0.204 -0.308"
CW —-0.479™ —0.549™ -0.399" -0.559™ -0.124 -0.304"
LM -0.101 —0.050 0.015 —0.232 -0.006 -0.056
LD -0.217 —0.164 -0.111 —0.045 -0.269" -0.045

VE: TRIRTEO.OUK T A B2 " RIRAE0.05/K A 3% . F[Hl. H'.Shannon-Wienerfg${; D. Simpsonfg#{; Pjg. PIEFR¥L; Jg,. Pieloufi ¥; R.
Partickif%; PL. Margaleff& %; AGB. i b4 45 BGB. #t W&, TB. B/AEM &R, LM. K54 &; LD. ks a2 1%, H. ¥k ; DBH. M f%; CW.
TR AK. I AP, T3 A N-NO;. TR A% N-NH,. T3 A%; TK. L34, TP, L3R40 TN, 14 %; SBD. LIEAE;
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Fig. 6 Redundancy analysis ranking of herbaceous community attributes and soil factors of typical revegetation restoration stand
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