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Pinus tabuliformis Forests in Semi-arid Areas Significantly Enhance
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Abstract: Vegetation increases atmospheric CO, sequestration by enhancing carbonate rock weathering and plays
an important role in carbon neutralization. However, the effects of different vegetation types on carbonate
weathering are unclear. To determine these effects, the dissolution rates and their influencing factors in different
vegetation alliances were compared in detail using in situ rock tablets tests coupled with systematic vegetation
surveys in a typical small karst watershed in a semi-arid area. The results showed that the average dissolution rate
of carbonate rocks was in the order of forest > grassland > shrubland at the Vegetation Formation Group level,
showing a weakening effect in the early stage of succession and a promoting effect in the later stage. At a finer
vegetation classification level, the dissolution rate of the Pinus tabuliformis Forest Alliance was much higher than

that of other alliances, which was five times to approximately thirty times that of other alliances, and the effect
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intensity of different alliances on dissolution rate could be identified and sorted. The dissolution rate had no

correlation with any single factor in soil CO, concentration (pCO,), soil water content, and soil temperature but

had a corresponding relationship with the synchronization of the three factors, which differed notably from that in

humid areas. Vegetation succession enabled more effective regulation of key dissolution factor matching,

resulting in higher weathering rate. Pinus tabuliformis forest in semi-arid areas could significantly enhance

carbonate weathering. Extensive comparative research at the Alliance level is strongly suggested to illuminate the

relationship between vegetation types and carbonate weathering and provide effective guidance for increasing

carbon sinks in karst ecosystem restoration.

Key words: carbonate weathering; vegetation type; dissolution rate; carbon sink; semi-arid karst area
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Vegetation and land use types of dissolution test spots in the study area
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Table 1 Characteristics of vegetation cover, chemical composition of rock tablets, and natural environment of test sites
5 Bl R H 2 2 + A R /m Wi Yemp o e A CaO/MgO & /%
Al 30 2% HE L (VNH) 0, ¥ P+ 1235 20° 110° T 40.22/11.56
A2 O BOE A(RX) € Wi+ 1180 350 181° i 51.65/2.03
A3 FOHECHE A (RX) Oox (CER = 1354 15° 250° i 47.92/5.81
A4 AL IE AR (LG) 0, Wi + 1420 15° 346° iy 40.22/11.56
A5 THFA+SE W BRAR(P+Q) €z Wi + 1402 5° 310° iy 51.65/2.03
A6 2T BRAR(QM) Oy WeiE -+ 1708 25° 245° I 51.65/2.03
A7 VAP £ R 3 (CLS) €z WEHE 1325 - - il 51.65/2.03
A8 JIE B R =3 (EE) €5 Wi e £ 1476 - - il 30.90/15.08
All THFAMR(PT) Oox e+ 1750 20° 180° T 47.92/5.81
Al4 ST BRI HEMR (Q+B) Oxx WhiE e + 1840 17° 20° CH 47.92/5.81
Al5 YO IHE A (HR) Oox WiE e + 1713 - 92° il 47.92/5.81
Al7 JHAAMR(PT) 0, WA+ 1570 15° 280° T 40.22/11.56
Al18 THFA+SE W BRAR(P+Q) €5 WA+ 1570 20° 255° iy 30.90/15.08
A19 THFAMR(PT) Oox WeiE -+ 1557 13° 270° R 47.92/5.81
A20 THAA+SE T BRAR(PHQ) Oox R 1530 20° 140° R 47.92/5.81
A23 £ T HHEN(SO) €, WiE e+ 1544 23° 0° i 30.90/15.08
A24 £ T HHEN(SO) €5 ¥ P+ 1316 40° 46° R 30.90/15.08
A25 AR (AT) Oxx Wi+ 1448 3° 20 T 47.92/5.81

#: PT-P. tabuliformis Evergreen Needleleaf Forest Alliance; P+Q-P. tabuliformis + Q. mongolica Mixed Needleleaf and Broadleaf
Forest Alliance; QM—Q. mongolica Deciduous Broadleaf Forest Alliance; Q+B—Q. mongolica + B. platyphylla Deciduous Broadleaf Forest
Alliance; AT-Acer tartaricum Deciduous Broadleaf Forest Alliance; RX—R. xanthina Deciduous Broadleaf Shrubland; SO-Syringa oblata
Deciduous Broadleaf Shrubland; VNH-Vitex negundo var. heterophylla Deciduous Broadleaf Shrubland; HR—Hippophae rhamnoides De-
ciduous Broadleaf Shrubland; CLS—Carex lanceolata var. subpediformis Forb Grassland; EE-Elymus excelsus Forb Grassland.
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Table 2 Dissolution rate (mg-cm “-a ™) at different Alliances, Vegetation Formation, and Vegetation Formation Groups

BE o L3 R AR FE AR R A0 700 2 345 f o
HIZH -20cm 50 cm - 14 —20cm -50cm F¥ 20em —50cm P
AtV R AR TE AR 0.15 0.14 0.15 0.13  0.14
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EQUE NS0 5 W i) Ak -0.10  -0.10  —-0.10 0.11 0.14  0.13
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Fig. 2 Dissolution rate between vegetation formation groups including (A) and excluding (B) Pinus tabuliformis
Forest Alliance
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