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Abstract
Non-cultivated habitats constitute important components of agricultural land-
scapes, providing food and shelter for organisms and holding significant signif-
icance for biodiversity conservation. This study takes Changtu County, Liaon-
ing Province as a case study, employs GIS technology to partition the entire
county into 4572 grids of 1km×1km, and analyzes the types, quantities, and
area proportions of non-cultivated habitats within the farmland landscape of
each grid. From these, 20 grids with non-cultivated habitat proportions ranging
from 0~50% were selected as plant community survey zones, and the typical
plot method was utilized to investigate plant communities within five major
non-cultivated habitat types in the agricultural landscape of the survey areas—
woodland, field roads, grassland, ditches, and orchards—exploring the relation-
ship between plant diversity and landscape heterogeneity across different non-
cultivated habitat types and proportions. The results demonstrate that: with in-
creasing proportions of non-cultivated habitats, plant species diversity and even-
ness initially increase then decrease, peaking at 20%~30%; when non-cultivated
habitat proportions range from 0-40%, species richness initially increases then
decreases, peaking at 20%~30%; when non-cultivated habitat proportions ex-
ceed 40%, both landscape patch complexity and dominance of major landscapes
exhibit substantial differences, and species richness increases again with values
surpassing those observed at 20%~30%. Across different habitats, plants with
the highest importance value all belong to Poaceae, though the species differ; the
dominance of dominant species follows the order orchard > ditch > grassland
> field road > woodland. Species diversity and evenness indices in orchards,
grasslands, and ditches are significantly higher than those in woodlands and
field roads; the richness index follows the order grassland > woodland > ditch
> orchard > field road, and plant community indices exhibit substantial vari-
ability among different survey areas within grasslands, orchards, and field roads.
The correlation between landscape heterogeneity and species diversity decreases
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sequentially in grassland, orchard, ditch, field road, and woodland. The study
indicates that in agricultural landscapes of typical maize cultivation areas in
the Northeast China Plain, the optimal proportion of non-cultivated habitats is
20%~30%; woodlands and ditches within non-cultivated habitats play positive
roles in maintaining species diversity and conserving hygrophytic plant diversity;
disturbance types and methods differ among various habitats, as does the de-
gree of correlation between landscape heterogeneity and plant species diversity.
Future research on biodiversity conservation in agricultural landscapes within
the region should integrate multiple influencing factors such as non-cultivated
habitat types and proportions, disturbance types and methods, to examine their
impacts on biodiversity, ecosystem services, and agricultural yield.

Full Text
Abstract
Non-cropped habitats are essential components of agricultural landscapes, pro-
viding food and shelter for organisms and playing a vital role in biodiversity
conservation. This study examined plant diversity and its relationship with
landscape heterogeneity across different types and proportions of non-cropped
habitats in Changtu County, Liaoning Province, a typical maize planting area
in the Northeast China Plain. Using GIS technology, the county was divided
into 4,572 1 km × 1 km grids, and the type, quantity, and area proportion of
non-cropped habitats within each grid were analyzed. From these, 20 grids with
non-cropped habitat proportions ranging from 0% to 50% were selected as plant
community survey areas. The Braun-Blanquet method was employed to inves-
tigate plant communities in five major non-cropped habitat types: woodland,
field roads, grassland, ditches, and orchards.

The results revealed that plant species diversity and evenness initially increased
then decreased with rising proportions of non-cropped habitats, peaking at 20%–
30% habitat coverage. Species richness followed a similar pattern within the
0%–40% range, also peaking at 20%–30%; however, when habitat proportion
exceeded 40%, landscape patch complexity and dominance of major landscape
types diverged significantly, causing species richness to increase again and sur-
pass the values observed at 20%–30% coverage. Gramineae species held the
highest importance values across all habitats, though the specific species var-
ied among habitat types. Dominance of dominant species followed the order:
orchard > ditch > grassland > field road > woodland. Species diversity and
evenness indices in orchards, grasslands, and ditches were significantly higher
than in woodlands and field roads, while richness indices ranked as grassland
> woodland > ditch > orchard > field road. Plant community indices showed
considerable variability among different survey areas within grassland, orchard,
and field road habitats. The correlation between landscape heterogeneity and
species diversity decreased sequentially across grassland, orchard, ditch, field
road, and woodland habitats.
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These findings indicate that the optimal proportion of non-cropped habitats in
typical maize planting areas of the Northeast China Plain is 20%–30%. Wood-
lands and ditches within non-cropped habitats positively contribute to species
diversity maintenance and hygrophyte conservation. Different disturbance types
and intensities across habitats result in varying degrees of correlation between
landscape heterogeneity and plant species diversity. Future research on agri-
cultural landscape biodiversity conservation should comprehensively evaluate
multiple influencing factors—including non-cropped habitat type and propor-
tion, disturbance type and intensity—on biodiversity, ecosystem services, and
agricultural productivity.

Keywords: Typical maize planting areas; Agricultural landscape; Non-cropped
habitats; Landscape heterogeneity; Plant species diversity; Northeast China
Plain

Introduction
Agricultural landscapes constitute mosaic systems comprising intensively culti-
vated farmland and non-cropped habitats [1]. Biodiversity forms the material
foundation for human survival [2] and determines the stability and complexity
of landscape ecosystems [3]. Landscape heterogeneity serves as both a prereq-
uisite for biodiversity and the basis for biological symbiosis within ecosystems
[3]. However, continuous agricultural intensification and diversified land use
patterns have altered material and energy flows in agricultural landscapes, lead-
ing to structural and functional simplification, severe loss of ecosystem functions
and services, and consequently, dramatic declines in biological community diver-
sity [4-8]. The consensus that sustainable development of agricultural landscape
ecosystems depends on biodiversity has long been established [9-10]. Numerous
non-crop organisms coexist with target agricultural species, relying on agricul-
tural landscapes for food and habitat [11-12]. Biodiversity within non-cropped
habitats directly affects crop yields through ecosystem services such as biologi-
cal pest control by natural enemies and crop pollination by pollinators, forming
the foundation for sustainable agricultural landscape development and holding
significant importance for regional and global sustainability [2]. Therefore, the
presence and maintenance of non-cropped habitats and heterogeneity in agri-
cultural landscapes play crucial roles in biodiversity conservation [13-15]. The
European Union and the United States have incorporated increasing landscape
heterogeneity and constructing non-cropped habitats to enhance biodiversity as
key components of agricultural environmental protection [16-17].

Amid the challenge of ensuring food supply for a growing population, balancing
agricultural land use and production practices with biodiversity conservation
and ecosystem services has become one of humanity’s most pressing challenges
[18-21]. Studies have confirmed that win-win scenarios are achievable [22-23].
Numerous Chinese researchers have conducted extensive studies on biodiversity
and ecosystem services in agricultural landscapes at landscape, local, and field
scales [24-26]; however, these have primarily focused on animal taxa. Due to
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the negative connotations of the term“weeds”and the emphasis on crop yields,
research on plant diversity conservation, distribution patterns, ecological pro-
cesses, and effects in non-cropped habitats within agricultural ecosystems has
received insufficient attention [27]. Yet plants in non-cropped habitats play ex-
tremely important ecological roles in ecosystem service provision and sustainable
development of agricultural landscapes.

The Northeast China Plain covers 350,000 km², representing China’s largest
plain, with approximately 20 million hectares of cultivated land. Maize cultiva-
tion occupies about 15 million hectares (76.67% of cultivated area), making the
region a major grain production area and important commodity grain base, con-
tributing approximately 30% of national maize output [28]. Agricultural mecha-
nization has enabled large-scale maize cultivation in this region, but this produc-
tion model leads to landscape homogenization and biodiversity loss. Increased
human activity intensity and frequency have significantly impacted landscape
structure, severely affecting biodiversity and ecosystem services in agricultural
landscapes. Currently, few studies have examined biodiversity within agricul-
tural landscapes in this region [29-30], particularly regarding plant diversity.
Critical research gaps remain concerning optimal proportions of non-cropped
habitats, stable habitat types, differences in species dominance across habitats,
and relationships between biodiversity and landscape heterogeneity—all of which
are prerequisites for exploring regional agricultural land use, biodiversity conser-
vation, and ecosystem service maintenance [31]. This study investigates plant
diversity in typical maize planting areas of the Northeast China Plain using
Changtu County as a case study, examining plant species diversity across dif-
ferent non-cropped habitat proportions and types, and analyzing relationships
between plant diversity and landscape heterogeneity across habitat types. The
findings provide a theoretical foundation for future animal diversity research and
data support for sustainable agricultural landscape construction in the region.

1 Study Area Overview
The study area is located in Changtu County, Tieling City, Liaoning Province,
situated between 42°33�–43°29�N and 123°32�–124°26�E. The county covers a
total area of 4,317 km², with 2,666.67 km² of cultivated land, of which 1,500 km²
is maize cultivation (34.75% of county area and 56.25% of cultivated land). The
terrain transitions from low hills in the east to the Liao River Plain in the west.
Major soil types include brown earth, black soil, meadow soil, and aeolian sandy
soil. The region experiences a mid-temperate sub-humid continental monsoon
climate with average annual precipitation of approximately 600 mm and mean
annual temperature of 6–7°C.

The landscape is dominated by dryland agriculture, with farmland as the pri-
mary landscape type. Settlements are scattered throughout the region in various
sizes. Woodland patches are distributed around farmland and settlements, pre-
dominantly consisting of artificially planted poplar forests [Figure 2: see original
paper].
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2.1 Sample Plot Setup and Data Collection
Based on satellite imagery and 2011 land use maps, the study area was di-
vided into 1 km × 1 km grids using GIS technology. Twenty grids with non-
cropped habitat proportions ranging from 0% to 50% were selected as plant di-
versity survey areas [Figure 1: see original paper]. The Braun-Blanquet method
was employed to investigate plant communities in major non-cropped habitats
(grassland, ditches, orchards, woodland, and field roads) within each survey
area, recording species names, abundance-dominance scores, sociability, and
geographic coordinates for each quadrat.

Field surveys were conducted in 2017 across 20 selected areas [Figure 1: see orig-
inal paper]. Two major non-cropped habitat types were surveyed in each area,
with three quadrats established per habitat type, totaling 120 quadrats (15 in
grassland, 12 in ditches, 9 in orchards, 51 in woodland, and 33 in field roads).
Investigations revealed that natural forests consisted exclusively of Mongolian
pine (Pinus sylvestris var. mongolica Litv.) stands, while artificial forests were
predominantly white poplar (Populus tomentosa Carr.) stands. Shrub layers
were virtually absent across all 20 survey areas and habitat types. Consequently,
this study focused exclusively on herbaceous layers for data collection and anal-
ysis [Figure 2: see original paper].

2.2.1 Plant Species Identification and Community Indices
Plant specimens were identified using manual identification methods [32] by
consulting plant flora, botanical texts, and plant atlases [33-37], utilizing taxo-
nomic keys and computer-based plant identification databases, combined with
photographs of major organs (roots, stems, leaves, flowers, and fruits) taken in
the field. Identification was conducted at the family, genus, and species lev-
els. The family, genus, species, and abundance of herbaceous plants in all 120
quadrats were determined, and importance values and plant diversity character-
istic indices were calculated for each of the five habitat types.

1) Species Diversity Index
The Shannon-Wiener index was selected for analysis [38], calculated as:

𝐻′ = −
𝑆

∑
𝑖=1

𝑃𝑖 ln 𝑃𝑖

where 𝐻′ is the Shannon-Wiener index, 𝑆 is the number of species in the quadrat,
and 𝑃𝑖 is the importance of species 𝑖 in the community (the ratio of species 𝑖’s
abundance-dominance score to the total abundance-dominance score).

2) Species Richness Index
The Margalef richness index was selected for analysis, calculated as:
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𝑅 = 𝑆 − 1
ln 𝑁

where 𝑅 is the Margalef richness index, 𝑆 is the number of species in the quadrat,
and 𝑁 is the total number of individuals of all species.

3) Species Evenness Index
The Pielou evenness index was selected for analysis, calculated as:

𝐸 = 𝐻′

ln 𝑆

where 𝐸 is the Pielou evenness index, 𝐻′ is the Shannon-Wiener index, and 𝑆
is the number of species in the quadrat.

4) Beta Diversity Index
The Whittaker beta diversity index was selected to reflect the magnitude and
degree of community composition variation across habitats [39], calculated as:

𝛽 = 𝛾
𝛼 − 1

where 𝛽 is the Whittaker beta diversity index, 𝛾 is the total number of species
in a sampled habitat, and 𝛼 is the average number of species across all sampling
points in a habitat type.

2.2.2 Landscape Heterogeneity Indices
Based on research by Wu Jianguo et al. [40-42], three landscape-level heterogene-
ity indices were selected: Contagion Index (CONTAG), Shannon’s Diversity
Index (SHDI), and Shannon’s Evenness Index (SHEI).

1) Contagion Index (CONTAG)

CONTAG = [1 + ∑𝑚
𝑖=1 ∑𝑚

𝑘=1 𝑝𝑖 ln(𝑝𝑖)
ln(𝑚) ] × 100

where 𝑝𝑖 is the proportion of total area occupied by landscape patch type 𝑖,
𝑚 is the total number of landscape types, and 𝑔𝑖𝑘 is the probability that two
adjacent grid cells belong to types 𝑖 and 𝑘.

2) Shannon’s Diversity Index (SHDI)

SHDI = −
𝑚

∑
𝑖=1

𝑝𝑖 ln(𝑝𝑖)
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where 𝑝𝑖 is the proportion of total area occupied by landscape type 𝑖, and 𝑚 is
the total number of landscape types.

3) Shannon’s Evenness Index (SHEI)

SHEI = − ∑𝑚
𝑖=1 𝑝𝑖 ln(𝑝𝑖)
ln(𝑚)

where 𝑝𝑖 is the proportion of total area occupied by landscape type 𝑖, and 𝑚 is
the total number of landscape types present.

2.2.3 Statistical Analysis Methods
Fragstats 4.2 was used to extract three landscape heterogeneity indices for the
20 1 km × 1 km grids containing plant diversity survey areas. Microsoft Office
2007 was used to process all field survey data. One-way ANOVA and correlation
analysis were performed using SPSS 16.0. All result figures were generated
using Excel and Origin 8.0. When analyzing by non-cropped habitat proportion,
plant community indices from different habitat types within the same proportion
interval were treated as a single sample. When analyzing by habitat type, indices
from the same habitat type across different proportion intervals were treated as
a single sample.

3.1 Landscape Heterogeneity Analysis Across Different
Non-cropped Habitat Proportions
Landscape heterogeneity showed significant correlations with the proportion
of non-cropped habitats within plant community survey areas . As the pro-
portion of non-cropped habitats increased, Shannon’s diversity and evenness
indices increased, while landscape patch shape complexity gradually increased
and contagion showed the opposite trend . These patterns indicate that lower
proportions of non-cropped habitats correspond to greater disparities in area
proportions among landscape types, increasing the likelihood of dominance by
a few landscape types. Survey areas with 0%–10% and 40%–50% non-cropped
habitat proportions showed substantial differences in landscape patch complex-
ity and dominance of major landscape types, with significant differences from
other proportion intervals .

3.2 Dominant Species Dominance Across Different Non-
cropped Habitat Types
Statistical analysis of herbaceous layer data from different non-cropped habitat
types revealed 129 plant species belonging to 35 families and 92 genera. Aster-
aceae comprised 33 species (25.58% of total) across 21 genera (22.83% of total).
Gramineae included 17 species (13.18%) across 15 genera (16.30%). Polygo-
naceae contained 9 species (6.98%) across 2 genera (2.17%). Leguminosae had

chinarxiv.org/items/chinaxiv-201801.00049 Machine Translation

https://chinarxiv.org/items/chinaxiv-201801.00049


8 species (6.20%) across 7 genera (7.61%). The remaining 62 species belonged
to 47 genera .

Dominant species significantly influence community structure, and species im-
portance values reflect dominance across the entire region. Constructing species-
cumulative importance value curves reveals the intensity of dominant species
dominance [31]. Analysis of dominant species importance values showed that
Gramineae species held the highest values across all habitats, though specific
species differed: Lolium multiflorum dominated woodlands, field roads, and
grasslands; Poa pseudo-palustris dominated orchards; and Beckmannia syzi-
gachne dominated ditches. Polygonum maackianum, Artemisia lancea, and
Rubus lineatus showed similar importance values, forming dominant commu-
nities in ditches within different survey areas. These results indicate high sim-
ilarity in dominant species composition across habitats but varying dominance
intensities , particularly pronounced in orchards and ditches [Figure 3: see orig-
inal paper].

Species-cumulative importance value curves revealed the strongest dominant
species dominance in orchards, followed by ditches, grasslands, field roads, and
woodlands. Dominance in orchards and ditches was significantly higher than
in grasslands, field roads, and woodlands [Figure 3: see original paper]. This
pattern suggests that increased human disturbance in agricultural landscapes
reduces species numbers while strengthening the prominence of dominant species
and their control over plant communities [31, 38].

3.3.1 Species Diversity Characteristics Across Different
Non-cropped Habitat Proportions
Analysis of plant diversity characteristics across different non-cropped habitat
proportions showed significant differences among proportion intervals [Figure 4:
see original paper]. Shannon diversity and evenness indices initially increased
then decreased with rising habitat proportions, peaking at 20%–30% coverage.
Species richness index also increased then decreased within the 0%–40% range,
peaking at 20%–30%; however, richness surged at 40%–50% coverage, signifi-
cantly exceeding other intervals. This anomaly likely occurred because survey
areas in the 40%–50% range were located near forest farms where woodland
landscape proportions approached those of farmland, highlighting woodland
dominance and causing the richness spike.

Standard deviations of diversity indices revealed considerable variability among
survey areas in the 30%–40% and 40%–50% intervals [Figure 4: see original pa-
per], suggesting that plant diversity characteristics are closely related to habitat
types, internal ecological factor heterogeneity, and external human disturbance
intensity and frequency. Comprehensive analysis indicates that the 20%–30%
non-cropped habitat proportion yields relatively high and stable Shannon di-
versity, evenness, and richness indices, representing the optimal proportion for
plant community diversity in agricultural landscapes.
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3.3.2 Plant Diversity Characteristics Across Different Non-
cropped Habitat Types
Analysis of plant species diversity across habitat types showed that orchards had
the highest Shannon diversity index, followed by grasslands, ditches, woodlands,
and field roads, with no significant differences among orchards, grasslands, and
ditches. Species richness was significantly highest in grasslands, ranking as grass-
land > woodland > ditch > orchard > field road. Species evenness decreased
sequentially across orchards, ditches, grasslands, woodlands, and field roads,
with orchards and ditches showing significantly higher evenness than grasslands,
woodlands, and field roads. Standard deviations indicated substantial variabil-
ity in Shannon diversity, richness, and evenness indices among survey areas
within grassland and orchard habitats [Figure 5: see original paper], reflecting
strong influences from external human disturbance frequency and intensity.

Beta diversity indices reflected variation and differentiation in community com-
position across survey areas within habitats [Figure 5: see original paper]. Wood-
lands showed significantly greater species composition differences among survey
areas than other habitats, followed by field roads, with ditches, grasslands, and
orchards showing sequentially lower but non-significant differences. This pattern
indicates that plant community structure in non-cropped habitats is strongly af-
fected by human activity intensity and disturbance frequency (notably higher in
field roads than in ditches, grasslands, and orchards) and by internal ecological
factor heterogeneity (lower in orchards and ditches). In woodlands, herbaceous
layers are additionally influenced by interspecific competition and gap dynamics
among tree and shrub layers. Standard deviations revealed high variability in
beta diversity indices among survey areas for grasslands and field roads, but low
variability for woodlands, ditches, and orchards [Figure 5: see original paper].

3.4 Relationships Between Species Diversity and Landscape
Heterogeneity Across Habitat Types
Correlation analysis between landscape heterogeneity and plant species diversity
across habitat types revealed significant correlations between Shannon diversity,
richness indices and landscape heterogeneity in grasslands, but no significant
correlations for evenness. In orchards, ditches, woodlands, and field roads, no
significant correlations were found. In grasslands, plant species diversity indices
were inversely correlated with contagion and positively correlated with Shannon’
s diversity and evenness indices, with correlation coefficients of -0.949, 0.973, and
0.771, respectively. Other habitats showed inconsistent correlation patterns .

In grasslands, the correlation strength ranked as richness index > Shannon
diversity index > evenness index. In ditches, differences were small between
contagion and evenness correlations but large with Shannon’s diversity, rank-
ing as Shannon diversity > evenness > richness. In orchards, Shannon diversity
showed the strongest correlation with landscape heterogeneity. In woodlands,
differences were minor, with richness showing strongest correlations with conta-
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gion and Shannon’s diversity, while Shannon diversity correlated most strongly
with evenness. In field roads, richness correlated most strongly with Shannon’
s diversity and evenness, followed by evenness with contagion.

The correlation between contagion and diversity indices ranked as grassland
and orchard > woodland > ditch > field road. Correlations with Shannon’s
diversity ranked as grassland > ditch > orchard, field road, and woodland. Cor-
relations with evenness ranked as orchard and grassland > ditch > field road and
woodland. Overall, correlations between landscape heterogeneity and species di-
versity decreased sequentially across grassland, orchard, ditch, field road, and
woodland habitats, indicating that different disturbance types, methods, and
intensities produce varying correlations between landscape heterogeneity and
plant species diversity.

4 Discussion and Conclusions
In the study area’s agricultural landscape, non-cropped habitat proportion was
inversely correlated with contagion and positively correlated with Shannon’s di-
versity and evenness. As non-cropped habitat proportion increased, landscape
patch complexity increased while disparities in area proportions among land-
scape types decreased, reducing the likelihood of dominance by a few landscape
types. Plant species Shannon diversity and evenness indices initially increased
then decreased with rising habitat proportions, peaking at 20%–30% coverage.
Species richness increased then decreased within the 0%–40% range, peaking
at 20%–30%; above 40% coverage, richness increased again, with 40%–50% pro-
portions yielding higher richness than the 20%–30% optimum. Concurrently,
landscape patch complexity and landscape type dominance showed substan-
tial differences above 40% habitat proportion, triggering significant changes in
species richness. These results indicate that the optimal non-cropped habitat
proportion is 20%–30%.

Woodland herbaceous communities exhibited the highest species richness, but
tree and shrub layers influenced community composition, which was dominated
by Gramineae, Asteraceae, and Cyperaceae. Orchards, grasslands, and field
roads, subject to intense human disturbance, were dominated by disturbance-
tolerant Gramineae species such as Poa pseudo-palustris and Lolium multiflo-
rum. Polygonum maackianum, a hygrophyte species unique to ditch habitats
and one of their dominant species, showed relatively small dominance differences
with other species, indicating that ditches positively contribute to hygrophyte
diversity conservation. Importance value analysis revealed similar dominant
species composition across habitats but differing dominance intensities and eco-
logical functions. Species-cumulative importance value analysis showed domi-
nant species dominance ranking as orchard > ditch > grassland > field road >
woodland, with orchards, ditches, and grasslands showing significantly higher
dominance than field roads and woodlands. In agricultural landscapes, intense
human disturbance in orchards, grasslands, and field roads favors clustering of
herbicide-resistant, trampling-tolerant dominant species through natural selec-
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tion, strengthening their control over plant communities.

Shannon diversity and evenness indices in orchards, grasslands, and ditches were
significantly higher than in woodlands and field roads, though orchards and
grasslands showed considerable variability among survey areas. Species richness
ranked as grassland > woodland > ditch > orchard > field road, with high
variability among survey areas in grasslands, orchards, and field roads. Thus,
plant community structure in grasslands, orchards, and field roads is vulnerable
to human disturbance frequency, intensity, and internal ecological heterogene-
ity, making them less favorable for species diversity conservation. In contrast,
ditches and woodlands maintained high and stable Shannon diversity, richness,
and evenness, positively contributing to plant species diversity conservation.

The correlation strength between landscape heterogeneity and species diversity
ranked as grassland > orchard > ditch > field road > woodland, with only
grasslands showing significant correlations between Shannon diversity, richness
and landscape heterogeneity. Combined with dominant species distribution pat-
terns and diversity index distributions, these results demonstrate that different
disturbance types, methods, and intensities produce varying correlations be-
tween landscape heterogeneity and diversity indices. Grassland communities are
herbaceous-dominated with each species’importance value <1, relatively simple
structure, unstable individual numbers, and susceptible total species numbers
and coverage, resulting in correlation strength ranking as richness > Shannon
diversity > evenness. In orchards, human interference for fruit quality and
yield favors dominance of herbicide-resistant, shade-tolerant species, reducing
species numbers and making Shannon diversity highly responsive to landscape
heterogeneity. Ditches comprise natural and artificial hardened types; harden-
ing causes direct species loss, reduced coverage, and lower evenness, producing
small differences in correlations with contagion and evenness but large differ-
ences with Shannon’s diversity, ranking as Shannon diversity > evenness >
richness. Field roads experience varying trampling intensities and herbicide ef-
fects across seasons, causing significant changes in individual numbers and high-
lighting dominant species ecological advantages, resulting in strong correlations
between richness, evenness and landscape heterogeneity. Woodlands contain
trees, shrubs, and herbs, where interspecific competition and gap dynamics cre-
ate large differences in herbaceous species numbers and individuals, producing
strong correlations between richness, Shannon diversity and landscape hetero-
geneity.

Grassland landscapes have simple structures; orchards and field roads experi-
ence the most severe human disturbance, exhibiting strong landscape homo-
geneity, low plant species diversity, and prominent dominant species ecological
advantages that are unfavorable for conservation. Ditches are unique: despite
hardening disturbance, they maintain moderate, stable plant diversity with low
variation and differentiation, serving as reproduction and habitat sites for hygro-
phyte specialists like Polygonum maackianum. Woodlands, as primary habitats
and refuges for flora and fauna, exhibit the highest and most stable plant di-
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versity, crucial for farmland species diversity conservation and enhancement.
Liu et al. [41] found that species richness and diversity indices correlated most
strongly with landscape heterogeneity at the 1,000 m scale, confirming close
linkages between landscape heterogeneity and farmland plant diversity in plain
regions.

Changtu County, a renowned agricultural county and key commodity grain
base, represents a typical northern wavy plain dryland agricultural region where
agricultural landscapes comprise mosaic systems of intensive farmland and non-
cropped habitats [1]. Non-crop organisms depend on these landscapes for food
and habitat [11-12]. Natural and semi-natural habitats (field roads, woodlands,
orchards, grasslands, ditches) provide rich sources for non-cropped organisms,
serving as habitats, breeding sites, food sources, and refuges that critically in-
fluence biodiversity maintenance [43]. Deepening understanding of how agri-
cultural landscape heterogeneity affects biodiversity and balancing ecosystem
services with agricultural production represent urgent scientific challenges in
agricultural landscape management [44]. Global change and intensified human
disturbance have drastically reduced agricultural landscape biodiversity [45],
while linear corridors like roads decrease connectivity and reduce habitat species
[46]; this study similarly found that field roads had lower Shannon diversity,
richness, and evenness than other habitats. Balancing agricultural production,
biodiversity conservation, and sustainable ecosystem services requires optimiz-
ing landscape structure and managing non-cropped habitat layout to maximize
ecological service effects—a major challenge facing current agricultural produc-
tion and landscape management. This study analyzed only herbaceous diversity,
neglecting tree and shrub layers whose composition and structure significantly
influence ecosystem function and understory herbaceous diversity [47]. Different
non-cropped habitat types and proportions in the study area produced varying
species dominance and diversity patterns. Future agricultural structure design
and biodiversity conservation should consider habitat type effects and optimize
non-cropped habitat proportions while protecting and constructing habitats
that positively contribute to diversity conservation. Further research on bio-
diversity conservation and healthy, sustainable agricultural ecosystem develop-
ment should comprehensively evaluate multiple factors—including topography,
non-cropped habitat proportion and type, and external disturbance intensity
and frequency—and their effects on biodiversity, ecosystem services, and agri-
cultural productivity.
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