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Abstract: [Objective] This study aims to clarify the layer-specific effects of stand density on the composition
and diversity pattern of the understory shrub and herb communities in Pinus tabuliformis plantations on the
Loess Plateau. [Method] Five P. tabuliformis plantations with different stand densities were selected: low
density (800 plants-hm?), medium-low density (1 200 plants-hm?), medium density (1 600 plants-hm?),
medium-high density (2 000 plants-hm™), and high density (2 400 plants-hm™). Species composition of the
shrub and herb layers was investigated, and importance values, a diversity indices, and £ diversity were
calculated. Principal coordinate analysis (PCoA) and permutational multivariate analysis of variance
(PERMANOVA) were used to examine differences in the composition of the understory shrub and herb
communities under different densities. [Result] With increasing stand density, the dominant species of shrub
and herb layers both changed markedly. In the shrub layer, the dominant species gradually changed from
Hippophae rhamnoides and Xanthoceras sorbifolium under low density to Caragana korshinskii, Caryopteris
mongholica, and Prinsepia uniflora under medium-high and high densities. In the herb layer, the dominant
species changed from Potentilla sischanensis and Saussurea japonica to Stipa bungeana, Artemisia sacrorum,
and Astragalus melilotoides. The overall o diversity of the shrub layer was generally higher under medium-low
density, with Margalef richness, Shannon-Wiener, Simpson, and Pielou evenness indices being 1.34, 1.63, 0.80,
and 0.98, respectively, and then decreased with increasing stand density. The a diversity of the herb layer
increased first and then decreased with increasing stand density, and reached the highest level under medium
density. The Margalef richness index, Shannon-Wiener index, Simpson index and Pielou evenness index were
2.44, 2.51, 0.91, and 0.97, respectively. The community composition of both layers under different densities
showed significant differentiation. The f diversity was mainly due to the species turnover component. The
species turnover intensity of the shrub layer generally increased with stand density, with the most significant
difference observed between medium-high and high density stands, while the species turnover of the herb layer
was mainly concentrated in low-density and medium to low density forests. The contribution rate of species to S
diversity (SCBD) showed that the compositional differentiation of the shrub layer was mainly associated with
changes in the importance values of species such as C. mongholica, C. korshinskii, X. sorbifolium, P. uniflora,
and Lespedeza bicolor, while the composition differentiation of the herb layer was mainly related to the changes
in the importance values of species such as P. sischanensis, S. bungeana, Picris hieracioides, Glycyrrhiza
uralensis, Potentilla chinensis, Dracocephalum moldavica, Poa sphondylodes, and A. melilotoides.
[Conclusion] Medium-low density and medium density stands are more conducive to maintaining the
diversity of the understory shrub and herb communities in P. tabuliformis plantations. Among them, medium-
low density stands were more favorable for shrub-layer diversity, while medium density stands are more
favorable for the diversity of the herb layer. [Ch, 3 fig. 4 tab. 32 ref.]
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Table 1 Basic information table of sample plots

e z‘f o ’g)/ gffii Wit JLAICN)  RZICE) W WEEC) MW R Wj’%ﬁjm Zﬁf
1 800 iR 20 36.80525 107.83240 1610.0 28 2FPHE 18 6.17 9.90
2 800 R B 20 36.85075 107.85239 1625.0 29 21 H 16 6.10 9.86
3 800  REEZ 20 3677066 107.91244 16175 28 2 A8 20 6.24 9.33
4 1200 PIREE 20 36.82115 107.87471 1595.0 25 2FPHE 22 8.85 11.98
5 1200 R R 20 36.79505 107.87970 1 565.0 25 2 H 23 8.51 11.99
6 1200 PIRERE 20 36.84322  107.93773 15725 24 2 BH 22 8.58 12.51
7 1 600 R 20 36.84980 107.88660 1557.5 21 2F PR 33 8.91 11.94
8 1600 T 20 36.81110 107.90730 1520.0 21 2 PR3 30 8.98 12.47
9 1 600 ThagRE 20 36.82111 107.93600 1527.5 20 2 R 31 9.05 12.43

10 2000 TEEE 20 36.840 08  107.75620 1535.0 23 2FPHE 32 737 12.40
11 2000 TEEE 20 36.81356  107.76518 15425 23 2 PR3 33 8.30 11.90
12 2 000 PEEE 20 36.80360 107.96725 1550.0 22 2 BH 30 7.44 11.81
13 2400 @ HEE 20  36.80300 107.79480 1 580.0 26 EREE 35 7.78 10.83
14 2400 @ HEE 20  36.84410 107.97280 15875 26 2 PR3 36 7.71 10.30
15 2400 R 20 36.79009  107.94683  1602.5 27 2 B 36 7.64 10.36
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K1 SPSS 26 #E47 BALIH K Jr 22 43 Fr 8l Kruskal-Wallis k& FIUKE 56 HEAEAS R R o028 T T B 2 AR e ) 22
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Table 2 Species composition and importance values of understory shrub and herb communities under different stand densities in P. fabuliformis plantations

LSS E

MRGT2 BE AT A
(k- hm 2y g2
HEAR
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FAR
HEA
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HEA
1600
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HAR
HEAR
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Vhil(40.98%) . CEH(36.41%) . HIKT(17.07%) . FE%(5.54%)
P ZRE(24.02%) . WEFH(16.64%) . HF(11.93%). BBEKFE(10.58%) . HEILKE (8.80%). 4£H7(7.89%). [
F(6.79%) . T EAR6.75%) . $F5(6.61%)

FrAHY JL(26.56%) . SCTESR(22.08%) . VHH(18.84%) . TYHZEIE(17.35%) . LIESELA(11.36%). RIZEHFEE(3.81%)

(7.43%) . JL5EH(7.32%) . HIEH(7.00%) ., ZH(5.87%). BEBZKHK(5.50%). HIMFH(3.95%)

WI(33.50%) . 7558 L(23.48%) . FEH(22.91%). BRMEKHT(15.13%). T HESFELR%H(4.98%)

KIEH(14.95%) . BiEFK(12.62%). WEH(9.82%). FEBTE(8.80%). FH25(6.95%). VHIIZEREK(6.81%) . HAMRIR
TEHE(6.74%) . HEALKE (6.20%) . HIEE(5.95%) . 4£71(5.03%) . BF5(4.70%) . M RAR(4.24%) . RERRE
(4.08%) . #EH(3.11%)

AR JL(48.34%) . WKL T-(22.76%) . TATHISEME(14.49%) . Tili(14.41%)
KTEH(20.05%) . B (12.03%) . FABRIREEE(10.28%) . HIER(9.21%) . HEIKE(7.33%) . FH 2(6.89%). &k
3(6.87%) . EH(6.46%). HHAF(5.91%). PEH(5.67%). BFHE(5.18%). REBEEHK(4.11%)

Sl HE(56.93%) . R (34.31%). IPIH(8.76%)
HIEER(17.70%) . KTEH(15.70%) . KB (13.36%) . FHABRRIEEE(11.02%) . LICKE (8.82%) . Bl i LK
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Y. ST E SN EEM. #EARZE . W Hippophae rhamnoides . & R Xanthoceras sorbifolium, WA F Lespedeza
bicolor, FE#% Prinsepia uniflora. 17 <55 %Y )L Caragana korshinskii. 7 %] 3£ 1€ Wikstroemia chamaedaphne . + JF %5528 3§
Spiraea pubescens. #}Z5 8 (€ Astragalus adsurgens. AT Lespedeza cuneata. 573k Caryopteris mongholica. 7%
JZ . V91 &= ¥ Potentilla sischanensis, WG %4 Saussurea japonica. H ¥ Glycyrrhiza uralensis. &% 3% Potentilla
acaulis, &AL K E Artemisia giraldii. V%% Artemisia sacrorum. T J5i B R Poa sphondylodes. % %j Dendranthema
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H 2% Dracocephalum moldavica, ¥§% Rubia cordifolia, T .7 Thymus mongolicus, %% Carex.
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Figure I PCoA ordination of understory shrub and herb community composition under different stand densities of P. tabuliformis plantations
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Figure 2 Changes in diversity indices of understory shrub and herb layers under different stand densities of P. tabuliformis plantations
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Figure 3 Changes in f-diversity components of understory shrub and herb layers among different stand densities
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Table 4 Main contributing species to compositional differentiation of understory shrub and herb communities under different stand densities
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