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Abstract: [Objective] This study aimed to investigate the growth characteristics of Pinus tabuliformis
plantations at different densities and their impacts on understory vegetation diversity, providing a scientific

basis for sustainable management of P. tabuliformis forests in the loess region of western Shanxi Province of
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northern China. [Method] Eleven plantation densities of P. tabuliformis (forest age is 30 years) were
selected as study objects. Field surveys and laboratory experiments were conducted to measure growth traits,
biomass, and vegetation diversity. Univariate analysis of variance (ANOVA) and structural equation
modeling (SEM) were employed to analyze the effects of stand density on growth traits of P. tabuliformis
and understory vegetation diversity. [Results] The findings revealed: (1) The average tree height of P.
tabuliformis fluctuates with increasing stand density, while the average diameter at breast height (DBH)
exhibits a decreasing trend. (2) High-density stands promoted biomass allocation to stems, cones, whereas
low-density stands favored branches and leaves. As stand density increases, the individual biomass of P.
tabuliformis shows a decreasing trend, whereas the total stand biomass reaches its maximum value of
148.81 t/hm? at a density of 1 750 trees/ha. (3) The Shannon-Wiener diversity index of the understory shrub
layer reaches its maximum at a density of 1 750 trees/ha, while the Margalef richness index peaks at
1 250 trees/ha. For the herbaceous layer, both the Shannon-Wiener diversity index and the Margalef richness
index attain their maximum values at a density of 1 250 trees/ha. (4) SEM analysis indicated that density
indirectly enhanced herbaceous diversity by positively influencing P. tabuliformis growth traits and
individual tree biomass but inhibited shrub diversity. [Conclusion] By thinning the P. tabuliformis forests
in the loess region of western Shanxi to achieve a density within the range of 1 250—1 750 trees/ha, it is
possible to achieve a synergistic enhancement of both stand productivity and understory biodiversity.

Key words: Pinus tabuliformis plantation; stand density; growth traits; biomass; understory vegetation
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750 1217 26 330 10 8.05+0.75b 1494+ 1.14a 0.54 +0.03d
1250 1220 30 60 10 8.42 +0.26ab 14.62 £ 0.61a 0.58 +0.05d
1750 1295 27 300 12 994+ 1.15a 13.94 £ 1.25ab 0.71 £ 0.09¢
2250 1254 29 280 11 8.76 + 0.69ab 12.74 + 1.60b 0.69 + 0.06bc
2750 1336 25 30 11 8.70 + 1.42ab 11.28 + 1.34¢ 0.77 + 0.04bc
3250 1258 30 35 9 8.66 + 1.03ab 11.08 £ 1.15¢ 0.73 £ 0.08¢
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4750 1300 24 30 9 7.74£2.12c¢ 9.43 +1.68d 0.82 + 0.06b
5250 1305 23 25 11 8.85 +0.76ab 9.40+1.12d 0.94 +0.08a
5750 1285 24 25 9 7.43 +1.28¢c 7.90 +0.89¢ 0.94 +0.05a
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Fig. 2 Biomass allocation in various organs of Pinus tabuliformis forests with different densities



8 Tk RS AR B BRI N AR AR SR N R4 2 BRI R R 137
R2 FEZEHLHRBKMMEREEYE
Tab.2 Biomass of individual tree organs in Pinus tabuliformis under varying stand densities
WAy Wi /ke
(Hhm BT Hk oo 5 WEEDR  MTEREGD  REWE
750 59.20 + 0.74a 20.42 + 4.69b 10.31 £3.31a 0.69 +0.45a 90.62 + 4.36a 15.19 + 5.69a 105.81 £ 6.47a
1250 50.34 +0.53ab 26.95 + 0.64a 11.45 +0.64a 0.67 +£0.03a 89.41 £ 6.32a 12.14+0.2b 101.55 £8.21a
1750 46.19+7.01b 14.93 + 8.84c 5.34+£1.01b 0.78 £0.75a 67.24 +5.21b 12.22 + 4.80b 79.46 + 4.32b
2250 29.24 £ 1.95¢ 8.39+4.19d 3.60+1.17c 0.72 £ 0.46a 41.95+3.29¢ 8.02+7.19¢ 49.97 £ 1.32¢
2750 25.65 + 6.60cd 8.65+3.29d 3.07+1.49cd  0.94 +0.68a 38.31 £ 1.55d 6.84 + 1.47cd 45.15+521c
3250 15.09 + 1.74¢ 3.98 +0.95f 1.52+0.73de  0.68 +0.10a 21.27 £3.45¢ 3.97+0.3% 2524 +£2.22
3750 19.45 +4.59d 5.15+ 1.86e 2.15+0.44d 0.61 £0.36a 27.36 + 1.54¢ 5.22+0.87d 32.58 +1.05d
4250 19.07 + 6.54d 5.72+3.09¢ 2.18 +1.34d 0.67 +£0.14a 27.64 +4.87¢ 5.06+1.81d 32.70 +£3.21d
4750 14.64 + 5.84¢ 4.27 £2.43ef 1.67+0.58de  0.43 +£0.30a 21.01 +£3.00e 6.06 +0.41cd 27.07+521e
5250 16.76 + 3.56e 3.74 + 1.86f 1.44+0.01e 0.38+0.23a 2232+ 1.14e 3.75+0.14e 26.07 +3.02¢
5750 12.19 £3.92¢ 3.10 + 1.36f 1.75+£0.30de  0.63+0.32a 17.67 + 4.23f 2.95 + 1.00e 20.62 + 1.39f
*3 AEZBEEBMBRAKRSSEYENER
Tab.3 Biomass allocation in stands of Pinus tabuliformis with different densities
Mo/ AEWE/(thm™)
(Hhm ™ BT H aol 5 WEERR  WFEMEGD  BEwR
750 44.40 + 0.56d 15.32 +3.51¢ 7.74+2.48cd  0.52+0.34e 67.98 +2.44d 11.40 +4.27¢ 79.38 +3.14d
1250 56.41 + 1.26¢ 36.11 + 1.64a 13.64 + 1.68a 2.46 +297c 108.62 + 8.23b 15.12 £2.80d 123.74 + 8.65b
1750 86.51 £ 5.70a 27.96 £ 6.59b 10.00 £ 1.91b 1.47 +1.40d 12594+ 4.21a 22.88+9.01b 148.81 £ 5.41a
2250 81.96 + 3.76a 23.53 £ 6.00b 8.40 +2.6¢ 2.09+0.71¢c 115.98 +3.55b 26.15 + 1.59a 142.13 £10.23a
2750 73.81 £ 7.62ab 24.69 + 8.26b 8.82 +4.23¢ 2.70 +2.03¢ 110.02 £ 5.11ab 19.43 + 3.6b 129.44 + 6.58b
3250 74.61 £ 9.47ab 1533+ 1.71c¢ 5.39+£0.55d 4.24+0.01a 99.57 +8.77¢ 13.67 £ 3.17e 113.24 £5.98¢
3750 66.35 +9.23b 17.86 + 1.57¢ 8.13 £0.90¢ 1.67 +£1.15d 94.01 + 4.69¢ 20.46 + 4.62b 114.47 £ 8.25¢
4250 71.86 + 3.89ab 15.66 £ 6.47¢ 6.06 = 1.83d 2.8+0.78¢c 96.38 + 6.26¢ 18.10 £ 6.61cd 114.48 +7.78¢
4750 66.48 £2.82b 19.55+1.87¢ 7.64+2.65cd 1.99+1.37c 95.66 + 8.56d 27.20+1.93a 122.86 £ 7.65¢
5250 70.72 + 2.87ab 15.92 +9.33¢ 6.08 +£2.29d 1.61 +1.06d 94.33 + 7.68¢ 15.86 + 5.96d 110.19 £ 5.45¢
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Tab. 4 Species diversity of the shrub and herbaceous layers under Pinus tabuliformis forests with varying stand densities

M2 HRS3 55 5 /(R -hm ™) Margalef=F & ¥ 541 Shannon-Wiener % # P Fi 4L Simpsonf/t #& Hi5 $ Pieloudd &) F 4
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Fig. 3 The impact of stand density on the growth characteristics of Pinus tabuliformis and plant diversity in the understory
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