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The spread of woody plants into grasslands represents a worldwide concern because of its impact on species biodiversity and
ecosystem operations. However, our comprehension of the influence of shrubs on herbaceous diseases in grasslands is limited. In our
study, we performed extensive examinations on herbaceous populations under the shrub canopy as well as nearby grassland patches
in shrubby grasslands over 4,000 kilometers. This large-scale assessment encompassed grassland regions with significant variability in
both temperature and precipitation. Our findings uncovered that shrubs elevated the under-canopy pathogen load of herbaceous
foliar fungal diseases by increasing the air humidity of the herbaceous assemblages alongside aboveground biomass in warmer
regions. However, in colder regions, shrub expansion reduced both pathogen load and herbaceous biomass below the canopy.
Temperature, rather than precipitation, was the primary driver for the variations in biomass and herbaceous pathogen load in the
variable under-canopy herbaceous populations. These contrasting alterations in herbaceous biomass and diseases following shrub
expansion, along with the related environmental variations, emphasize the requirement for adaptive management approaches
tailored to shrub encroachment scenarios.

We obtained data from 80 sites of shrubby grasslands across the Qinghai-Tibet Plateau and Inner Mongolia Plateau, each site
encompassed two treatments (grassland patches vs. shrub patches) and shrub patches (at least 10 meters apart) paired with
adjacent grassland patches. Each treatment had four replicates, resulting in eight 0.5 m × 0.5 m herbaceous plots. In each plot, we
trimmed all aboveground green herbaceous individuals, classified them to the species level.

The sampling sites were chosen at least 500 m away from cities, receiving limited human interference, and considered typical regions
for local natural vegetation.

In each plot, we trimmed all aboveground green herbaceous individuals, classified them to the species level, and oven-dried all

samples at 65 ℃ for 72 hours to a constant weight and measured the biomass. The plot (community) level of herbaceous biomass
(Biomass) was determined as the sum of aboveground biomass from all species collected in each plot. To characterize herbaceous
community-level disease severity, we calculated pathogen load. We recorded species-level disease severity (vi) as % of the leaf area
covered by fungal lesions. To characterize the soil properties of each plot, we obtained six upper mineral soil cores (0-10 cm) from
random locations within each plot and homogenized them thoroughly to generate a composite sample. All soil samples were stored
at 4 °C during transportation.

From mid-July to mid-August in both 2022 and 2023, we obtained data from 80 sites of shrubby grasslands across the Qinghai-Tibet
Plateau and Inner Mongolia Plateau (28.26 °N to 49.77 °N and 80.91 °E to 121.34 °E).

No data were excluded from the analyses.

Our study focused on the herbaceous communities below the shrub canopy (landscape mosaic established by shrub encroachment)
and adjacent grassland patches, where shrub patches were interspersed with grassland patches. This mosaic enabled the
establishment of ideal study plots pairing shrub patches with adjacent grassland patches.

At each site, we established four herbaceous plots below the canopy within shrub patches, with each shrub patch plot paired with a
corresponding adjoining grassland patch plot of identical size. This design resulted in a total of eight plots, corresponding to four
pairs. To characterize herbaceous community-level disease severity, we recorded species-level disease severity from 25 randomly




