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Figure S1. Conceptual framework and study site distribution
(A) A conceptual diagram illustrating the contrasting predictions of the optimal partitioning theory (OPT) and the allometric partitioning theory (APT) for biomass allocation patterns. The diagram shows the expected relationships after statistically controlling for confounding effects. OPT is supported if two conditions are met: the environment-corrected R/S is independent of environment-corrected plant community size, and concurrently, the size-corrected R/S shows a significant relationship with environmental factors. APT is supported if the environment-corrected R/S shows a significant relationship with environment-corrected plant community size, and concurrently, the size-corrected R/S is independent of environmental factors. (B) Geographic location of the 120 sampling sites across temperate and alpine drylands in northern China. The approval number of the map: GS(2019)1676.
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Figure S2. Initial conceptual structural equation model. 
MAT, mean annual temperature; MAP, mean annual precipitation; SNC, soil nitrogen content; Sand, soil sand content; R/S, root: shoot ratio.
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Figure S3. Functional dispersion comparison across dryland types. 
Orange represents temperate drylands and blue represents alpine drylands. Significance level: **P < 0.01. Functional trait measurements: following vegetation surveys, we sampled and measured leaf functional traits for dominant species (representing > 90% of total plot biomass) using standardized protocols (Perez-Harguindeguy et al., 2013). We focused on four key traits: Height, specific leaf area, leaf dry matter content, leaf thickness, leaf carbon content and leaf nitrogen content (Reich, 2014; Zuo, et al., 2018). FDis was calculated as the mean distance of individual species to the centroid of the community in multidimensional trait space.


Table S1. Theoretical rationale and supporting evidence for the hypothesized pathways included in the initial structural equation model
	NO.
	Associations
	Rationale

	01
	MAT → SNC
	Warming enhances microbial activity, accelerating nitrogen mineralization and increasing soil inorganic nitrogen availability, while simultaneously promoting nitrogen losses through leaching and gaseous emissions (Bai, et al., 2013; Yang, et al., 2011).

	02
	MAT → Sand
	Climate change has a destabilizing effect on soils, affecting the stability of soil aggregate structure, which in turn alters the particle composition of soil aggregates (Joseph & Henry, 2008).

	03
	MAT → Plant community size
	Climate warming significantly alters plant community size through temperature-mediated shifts in species composition and dominance patterns, with the direction of change depending on ecosystems (Shao, et al., 2022; Wangchuk, , et al., 2021).

	[bookmark: _Hlk110071380]04
	MAT → R/S
	Elevated temperatures tend to reduce R/S across diverse plant species and ecosystems, with this negative relationship being particularly evident under warmer climatic conditions (Mokany, et al., 2006).

	[bookmark: _Hlk110071239]05
	MAP → SNC
	Increased precipitation enhanced soil nitrogen turnover by elevating soil moisture and altering plant traits (Song, et al., 2024).

	06
	MAP → Sand
	Precipitation directly alters soil texture by modifying moisture dynamics and driving physical processes (e.g., raindrop impact, leaching, and clay dispersion), which collectively influence the relative proportions of sand, silt, and clay particles in soils (Engelhardt, et al., 2018).

	07
	MAP → Plant community size
	Increased precipitation significantly enhances plant community size in desert grasslands by improving soil moisture availability and promoting plant species richness (Li, et al., 2024).

	08
	MAP → R/S
	Mean annual precipitation exhibited a significant negative relationship with root: shoot ratios across terrestrial biomes, suggesting increased water availability promotes greater biomass allocation to shoots relative to roots (Mokany, et al., 2005).

	09
	SNC → Plant community size
	Along the aridity gradient, SNC showed a strong positive correlation with aboveground plant biomass, where increasing aridity reduced SNC primarily through its negative impact on plant productivity, establishing a critical plant-mediated feedback loop in the nitrogen cycle (Yang, et al., 2011)

	10
	SNC→ R/S
	Plants optimize growth under elevated nitrogen by reducing R/S, as increased nitrogen availability favors aboveground biomass investment over root maintenance due to improved nitrogen uptake efficiency (Hilbert, 1990)

	11
	Sand → Plant community size
	Meta-analysis revealed that soil texture critically mediates N-fixers’ facilitation of neighbor plant biomass, with stronger positive effects in fine-textured (clay-rich) soils versus coarse-textured (sandy) soils, likely due to enhanced nitrogen retention and availability in finer substrates (Ortiz & Wolf, 2024).

	12
	Sand→ R/S
	Both experimental and meta-analytical evidence confirmed that soil texture significantly affects R/S in grassland plants, likely through altered root-soil hydraulic properties (Jia, et al., 2023).

	13
	Plant community size →R/S
	R/S is primarily regulated by total plant size, independent of environmental conditions (Liu, et al., 2021).




Table S2. Linear mixed model for analyses of R/S and environmental factors
	Factor
	R/S
(Temperate drylands)
	R/S
(Alpine drylands)

	Fixed effects
	β
	t-value
	P
	β
	t-value
	P

	MAT
	-0.02
	-0.15
	0.88
	0.32
	2.01
	0.05

	MAP
	0.02
	0.13
	0.90
	-0.14
	-0.76
	0.45

	Soil pH
	-0.16
	-1.21
	0.23
	0.05
	0.30
	0.77

	Sand content
	-0.05
	-0.34
	0.73
	0.13
	0.92
	0.36

	Clay content
	0.06
	0.36
	0.72
	-0.52
	-0.35
	0.73

	SCC
	-0.27
	-1.93
	0.06
	-0.13
	-0.64
	0.52

	SNC
	-0.36
	2.28
	*
	0.20
	0.91
	0.37


[bookmark: _Hlk179572432]Note: MAT, mean annual temperature; MAP, mean annual precipitation; SCC, soil carbon content; SNC, soil nitrogen content. Significance levels: *P < 0.05.


[bookmark: _Hlk212635940]Table S3. Importance values of dominant species in temperate and alpine drylands
	Temperate drylands
	Alpine drylands

	Species
	Importance value
	Species
	Importance value

	Halogeton glomeratus
	0.40
	Stipa capillata
	0.47

	Suaeda glauca
	0.35
	Orinus thoroldii
	0.33

	Phragmites australis
	0.34
	Oxytropis coerulea
	0.28

	Salsola collina
	0.19
	Stipa orientalis
	0.23

	Grubovia dasyphylla
	0.13
	Carex moorcroftii
	0.22

	Stipa capillata
	0.12
	Stellera chamaejasme
	0.13

	Artemisia gmelinii
	0.06
	Cyperus compressus
	0.12

	Agriophyllum pungens
	0.06
	Chamaerhodos erecta
	0.11

	Corispermum hyssopifolium
	0.05
	Potentilla chinensis
	0.11

	Zygophyllum mucronatum
	0.04
	Leymus secalinus
	0.11
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