Supplementary material
SM1. Monoculture and Intercropping Patterns: varieties and spatial arrangements
Caption: This supplement details the varieties cultivated per field across the study area, based on 698 fields surveyed over five years. For intercropped fields, it specifies associated varieties and their spatial arrangements, including all observed patterns and simplifications applied.
· Monoculture
Of 698 surveyed fields, 316 (45.3%) were in monoculture, defined as cultivation of a single variety per field. Dominant monocultures were early-flowering pearl millet (Souna, n = 137; Guiss, n = 89; total = 226, 71.5% of fields in monoculture) and watermelon (n = 47, 14.9%), grown from a single commercial variety (type Grey Bell). Less frequent monocultures included late-flowering cereals (Sanio millet, n = 5; Patch sorghum, n = 10; Sorgho sorghum, n = 3; total = 18, 5.7%), peanut (Fouré, n = 8, 2.5%), and cowpea (Ngagne, n = 15; Sodeva, n = 2; total = 17, 5.4%).
· Intercropping
Of 698 surveyed fields, 382 (54.7%) were in intercropping. Spatial arrangements were described at the species level, as patterns do not vary systematically by variety. Spatial details, particularly distinguishing inter-row (crop planted between rows of the main crop) from dedicated-row (occupying a full row of the main crop), were not consistently recorded before 2022 and were incorporated into surveys only from that year onward. For simplicity, the most frequently observed spatial arrangement between 2022 and 2024 was retained for each intercropping type (all subsequent percentages refer to the 2022–2024 dataset).
Cereal–cereal intercropping (n = 110, 28.8% of intercropped fields). Always combine one early-flowering pearl millet variety (Guiss or Souna) with a late-flowering cereal — either sorgho (Patch, Fela, or Sorgho) or millet (Sanio). In 83.1% of cases, cereals are planted in dedicated, evenly spaced rows. Other arrangements - inter-row (15.3%) or within-row mixing (1.7%) - are rare and thus disregarded for simplification. Only two fields included roselle in this configuration.
Cereal–legume intercropping (n = 32, 8.4% of intercropped fields). Cowpea (Ngagne, Melex, Fandan, Mbilix) is associated with one (62.5%: Guiss, Souna, or Sanio for pearl millet or Patch or Sorgho for sorghum) or multiple cereal varieties (37.5%). Cowpea is most often sown inter-row (59.1%), rarely within-row (36.4%) or along borders (4.5%), and is therefore uniformly classified as inter-row in all cereal–legume intercropping. When two cereal varieties are cultivated, they follow the same spatial logic as cereal–cereal intercropping. Only six fields included roselle in this configuration.
Legume–legume intercropping (n = 196, 51.3% of intercropped fields). Always combine one peanut variety (Fouré, Lao, Yeger, or Essaye-moi) with one cowpea variety (Ngagne, Melex, Mbirix, Sodeva, or Fandan). Seeds are sown together in the same row, mixed at planting, and thus occupy the same planting lines. Roselle (Vinto, Fandan, or Rouge clair) is present in 180 of these fields (91.8%).
Complex intercropping (n = 11, 2.9% of intercropped fields). Combine the peanut–cowpea mix with a cereal planted either in dedicated rows (50.0%) or inter-row (50.0%). For analysis, cereal was assumed inter-row. Only two fields lacked roselle.
Roselle in intercropping. Roselle may be grown (i) alone with a single variety of another species (n = 33, 8.6% of intercropped fields; notably with cowpea, n = 16; millet, n = 7; peanut, n = 5; watermelon, n = 3; or two roselle varieties, n = 2) or (ii) within previously described intercropping patterns. For all fields, when associated with cereals and/or cowpea, roselle is primarily planted in dedicated rows (38.5%), along borders (23.1%), or both (7.7%). Mixed (15.4%) or inter-row (15.4%) planting is rare so for analysis, such cases were reclassified as dedicated-row. When associated with peanut, roselle is primarily planted in inter-row (72.8%), along borders (8.8%), or both (12.3%). Dedicated-row (4.4%) or mixed (1.8%) planting is rare so we reclassified this case as inter-row for analysis. When associated with watermelon: roselle is always planting along borders. Two fields contained only two roselle varieties in dedicated rows were used to estimate monoculture roselle density.


SM2. Sowing density estimation for imputed-area approach
To estimate the imputed area for each variety, we used sowing density as indicator. Measurements were conducted over three years (2020–2022) across all monoculture and intercropped fields, recording distances (in meters) between four consecutive rows and four consecutive hills for each variety. Mean densities were then calculated at the species level for both monoculture and specific intercropping patterns. To maximize sample sizes, we aggregated specific cases. This Supplementary Material includes a summary table presenting the sowing density estimates for each species and spatial organization used to compute the imputed areas. All methodological details and specific exceptions applied during data collection and density calculations are also explain. 
	Category
	Crop Type
	Spatial organization pattern 
(for measurement)
	Sowing density 
(hills/ha)
	Sample Size 
(n)

	Monoculture (1)
	Cereals
	Monoculture
	14,825.25
	169

	
	Cowpea
	Monoculture
	6,743.93
	20

	
	Roselle
	Roselle (two varieties intercropped)
	18,531.15
	2

	
	Peanut
	Monoculture
	95,000.00
	2

	Cereal-based intercropping (2)
	Cereals as main crop

	Cereal / cereal intercropping
Cereal / legume intercropping
	12,223.86
	75

	
	Cereals as secondary crop
	Cereal / cereal intercropping
Cereal / legume intercropping
	3,196.52
	75

	
	Cowpea with cereals
	Cereal / legume intercropping
	3,461.21
	22

	
	Roselle with cereals
	Cereal / cereal intercropping
Cereal / legume intercropping
Cereal + Roselle
	3,215.69
	12

	Peanut-based intercropping (3)
	Peanut
	Legume-legume intercropping
	91,160.71
	28

	
	Cowpea
	Legume-legume intercropping
	5,213.01
	28

	
	Roselle
	Legume-legume intercropping
	2,399.39
	158

	
	Cereals
	Complex intercropping
	2,025.59
	8

	Other
	Roselle with cowpea
	Cowpea + Roselle
	5,186.16
	10


1. Monoculture cases
Sowing density for varieties rarely grown in monoculture (see SM1) was estimated from limited samples, reducing reliability. We therefore cross-validated all estimates against literature values. For some crops, literature-recommended densities exceed those observed locally (peanut: 120,000–160,000 plants/ha vs. 95,000; cowpea: 40,000 hills/ha vs. 6,744; ISRA et al., 2005). We retain field-measured values to reflect actual farmer practices, even when sample sizes are small.
Cereals in monoculture. All cereal varieties show similar sowing densities in monoculture (ranging from 12,714.25 hills/ha for pearl millet sanio, to 15,433.74 hills/ha for pearl millet souna). 
Peanut in monoculture. Only one peanut monoculture field was observed during the study period (2020–2022). Consequently, a field featuring peanut intercropped with roselle along the margin served as a proxy for monoculture sowing density. These measurements were retained as they align with densities recorded in peanut–cowpea intercropping (91,161 plants/ha), where cowpea induces only a minor reduction in peanut density.
Cowpea in monoculture. Few cowpea fields in monoculture were observed (n = 6 between 2020–2022). To increase sample size, fields with roselle in border or inter-row were treated as monocultures (n = 12). No significant differences in density were detected across varieties or spatial arrangements.
Roselle in monoculture. No roselle monoculture fields were observed during the study period (2020–2022). However, one intercropped field containing two distinct roselle varieties planted in separate rows served as a proxy for monoculture density. The calculated mean density aligned with literature values (16,000–30,000 hills/ha; Beniest et al., 1987), confirming measurement consistency.

2. Cereal-based intercropping 
For analysis, cereals were grouped into two categories: short-cycle vs. long-cycle varieties. Short-cycle millet (Souna, Guiss) is consistently grown as the main crop, while long-cycle varieties (Sanio millet, all sorghum types) are typically secondary. The “main crop” is defined as the variety occupying the most rows per field, consistent with farmer perception. No intercropping was observed between two cereals of the same cycle.
Cereal sowing density. In cereal–cereal and cereal–legume intercropping, Souna or Guiss consistently occupy the majority of rows as the main crop, paired with Sanio millet or sorghum varieties as the secondary crop. In both systems, main crop densities (14,680.95 hills/ha for Souna and 14,865.22 hills/ha for Guiss) significantly exceeded those of secondary crops (Sanio: 2,786.36; Patch: 3,462.36; Sorgho: 3,566.82 hills/ha). However, no significant density differences were observed between varieties or intercropping patterns within each category (main vs. secondary). Consequently, densities for main and secondary cereals were averaged across both intercropping types. However, inter-row spacing measurements for the main crop were taken only between its own rows, excluding secondary-crop rows. To correct for this, main-crop density was adjusted using the observed mean ratio: 1 secondary row per 4.9 main rows.
Cowpea density. In cereal–legume intercropping, no significant differences in cowpea density were observed across varieties or between fields with one or multiple cereal varieties. Cowpea densities were therefore averaged across all fields of this intercropping type. 
Roselle density. Roselle is rarely planted in cereal fields (whether in dedicated rows, inter-row, or isolated lines). To improve reliability, all measurements from cereal-based intercropping were pooled to estimate a mean density. Additionally, roselle associated solely with cowpea shows higher densities than when paired with cereals. A separate mean density was therefore calculated for this specific case, based on available observations.
3. Peanut-based intercropping
Peanut and cowpea density. While sowing density is typically measured by recording distances between four consecutive rows and hills, we adapted this protocol for intercropped peanut and cowpea. Because these species are often intermingled within rows and cowpea hills are widely spaced, measuring inter-hill distances is excessively time-consuming. Consequently, we routinely measured only inter-row spacing (four measurements per field). Inter-hill distances for cowpea were recorded only in 2021 across a subset of 28 fields due to the labor-intensive nature of the task. In this same subset, we estimated peanut density by counting plants over a 2.15 m row length (equivalent to 1 m², assuming 0.46 m inter-row spacing).
Roselle density. A mean density for roselle intercropped with peanut-cowpea was estimated from the large number of field measurements available in these systems.
Cereal density. In rare cases, cereals are planted inter-row in peanut-based fields. Their mean density was calculated from measurements in these specific fields.
