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Abstract: [Objective] The middle section of the Yinshan mountains in Inner Mongolia, as a representative area of the Three-North
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Shelter Forest Program, faces critical challenges in enhancing ecosystem carbon sequestration functions. This study aims to investigate
the diurnal variation characteristics of photosynthesis and water use efficiency (WUE) in arbor and shrub species in the Middle Section
of the Yinshan Mountains, analyze the influence of environmental factors on photosynthetic regulation, and comprehensively evaluate
the ecological adaptability and carbon sequestration functions of different tree species. For the first time, a combination of random
forest regression models and cluster analysis is applied to provide scientific insights for improving shelter forest ecosystem functions.

[ Method] Seven arbor species and five shrub species were selected in the middle section of the Yinshan mountains, Inner Mongolia.
Photosynthetic parameters were measured using a CI-340 portable photosynthesis system. Spearman’s correlation analysis, principal
component analysis (PCA), random forest regression modeling, and hierarchical cluster analysis were employed to explore the
photosynthetic mechanisms and ecological adaptability of the species. [Result] The study revealed distinct diurnal variation patterns
in photosynthetic activity among arbor and shrub species. Net photosynthetic rate (P,) and WUE exhibited significant interspecific
differences, with single-peak and double-peak patterns observed. Temperature, stomatal conductance, and transpiration rate were
identified as key regulators of photosynthesis, particularly in coniferous species, which demonstrated higher WUE. Random forest
regression analysis highlighted the critical roles of temperature and water management in photosynthetic processes. Cluster analysis
further revealed marked differences in carbon sequestration capacity and ecological adaptability among species, offering critical
guidance for species selection and carbon sequestration assessments. [ Conclusion] This study underscores the significant differences
in photosynthesis and WUE between arbor and shrub species in the middle section of the Yinshan mountains. Temperature, stomatal
conductance, and transpiration rate were pivotal in photosynthetic regulation. Unlike traditional linear regression methods, the
random forest model effectively captured the nonlinear relationships between environmental variables and photosynthetic rates. The
hierarchical cluster analysis, applied for the first time in this context, identified distinct functional groups of species based on their
carbon sequestration potential and ecological adaptability. These findings fill a critical gap in understanding photosynthetic mechanisms
and carbon sequestration capacity within the Three-North Shelter forest program, providing a novel framework for quantitative carbon
sequestration assessment and informing future afforestation and restoration strategies.

Keywords: the middle section of the Yinshan mountains in Inner Mongolia; net photosynthetic efficiency; random forest; carbon fixation

and oxygen release; hierarchical cluster analysis
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Table 1 Basic plant information
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Life form Species Mean height /m Mean DBH /cm Crown projection area /m’ Latitude N Longitude E
Sp i 6.13+0.46 13.01+0.55 46.34+2.47 40°41'17.8" 110°37°03.0"
it 11.84+0.63 12.36+0.54 71.2243.44 40°40'50.2" 110°37'46.6"
TR BR 6.20+0.43 16.13+0.68 33.74+2.53 40°40'58.7" 110°37'41.9"
ZZ'; FEVS 13.03+0.67 30.61+£1.32 18.00+2.46 40°36'43.5" 110°34'36.5"
A AR 6.53+0.45 15.77+0.75 28.7442.55 40°40'41.9" 110°37'08.2"
Yo 6.48+0.34 18.22+0.74 59.54+2.75 40°38'09.1" 110°34'10.0"
HiEoK 2.53+0.26 3.09+0.32 6.40+0.76 40°36'39.6" 110°3427.4"
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Sﬁffb 521 Bk 1.33£0.17 1.41£0.15 11.6+0.32 40°40'56.3" 110°37'41.9"
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