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Predicted

Open Semi-open Closed
Open 69 21 10
True Semi-open 35 19 46
Closed 15 21 65

Numbers are percentages and sum to 100 across each row (with exceptions due to rounding).
Numbers in bold are the percentage of hazelnut shells assigned to the correct canopy

density category.
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Parameter Meteorological Latitude i 2021 2022

station
Jan-Aug May-Aug  Jan—-Aug May-Aug

Total mm Vomb 55.66 1353 447 259.5 417.9 202.2
precipitation
Average % Horby A 55.86 13.67 79 76 75 73
relative
humidity
Average cloud % Haérby A 55.86 13.67 66 62 55 54
cover
Total hours of | hours Lund Sol 55.71 1321 1485 937 1690 1018
sunshine
Total solar kWh/m? Lund Sol 55.71 1321 880 631 955 665
radiation
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Latitude Longitude Site type Archaeological  Date range

period
1 Dérrod 55.60 13.46 Modern sampling - 2021-2022
site
2 Holma 55.95 13.55 Modern sampling - 2021-2022
site
3 Linnebjer 5573 13.30 Modern sampling - 2021-2022
site
4 Fiskeby 58.6 16.11 Archaeological Iron Age 500 BC-AD 400
residential
Bronze Age 1100-1 BC
5 Ingelstad 6:1 56.75 14.92 Archaeological Iron Age 500-1BC
residential
6 Ystad VA 5543 13.82 Archacological Iron Age AD 800-1050
schaktoverv residential
7 Uppikra regional 55.66 13.16 Archaeological Tron Age 45 BC-AD 600
center residential
8 Uppikra 2:14 55.67 13.16 Archaeological Tron Age AD 0-250
residential
9 Uppékra 2:25 55.67 13.17 Archaeological Iron Age AD 100-400
residential
10 Hjarup 9:8 55.66 13.13 Archaeological Iron Age AD 900-1000
residential
11 Hjarup 7:1, 22:1 55.67 13.14 Archaeological Iron Age AD 1-1050
residential
12 Flidie Tankstille 55.73 13.07 Archaeological Bronze Age 1700-1100 BC
Damm residential
Neolithic 4000-2400 BC
13 Borstahusen SU 559 12.81 Archacological Bronze Age 1100-520 BC
2020 residential
14 Stingby 5:28 55.75 13.2 Archaeological Neolithic 2400-1700 BC
residential
15 Slabilta 1 55.94 13.44 Archaeological Mesolithic 7040-6600 BC
short-lived
campsite
16 Ringsjoholm 559 13.43 Archaeological Mesolithic 7070-5840 BC
residential
17 Ronneholm 10:3 55.93 13.42 Archaeological Mesolithic 6020-5660 BC
residential
18 Ronneholm 6:1 5593 13.42 Archaeological Mesolithic 5728-5462 BC
residential

More details can be found in Supplementary Table 2.
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ID_Village Lab code Grains Chaff

7 seeds (g) S13C (%0) 815N (%0) %N Dry material Total biosilica Biosilica/dry
()] extracted (g) tissue weight
Gambella (Konso) RET30 0.005 —11.17 127 139 | 3991 0.1023 0.0028 0027370479
Hargitet (Konso) RET31 0.15022 —1278 3.70 1.94 | 4100 0.10017 0.0061 0060896476
Kodhano (Konso) RET32 0.158 —12.84 415 207 | 4057 0.10339 0.00638 0061708096
Shuleya (Konso) RET33 0.10274 —12.08 491 291 | 4230 0.10067 0.00701 0069633456
Kulisheyda (Konso) RET34 0.07048 —13.04 242 210 | 4032 0.10112 0.00407 0040249209
Hoyriya (Konso) RET35 0.11698 —13.62 259 278 | 41.82 0.10136 0.00561 0055347277
Nech Meshila (Tigray) | RET36 027072 —1175 3.58 236 | 4145 - - -
Keyih Meshila (Tigray) | RET37 0.18278 —1147 386 1.59 | 4019 - - -
Bicha Meshila (Tigray) | RET38 0.20652 —1148 2.02 149 | 41.03 - - -
Meshila (Tigray) RET39 0.26829 —1022 1.67 191 | 4137 003874 0.00082 0021166753
Keyih Degussa (Tigray) | RET40 0.07766 —12.80 547 1.23 | 39.16 - - -
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min

st Tau B di Kendall - - - - - -
P
8N Tau B di Kendall —0.309 -
P 0218
Tix Tau B di Kendall —0.443 0.000 -
P 0.100 1.000
Twmin Tau B di Kendall —0.443 0.000 1.000%* -
P 0.100 1.000 0.002
Tot Precip Tau B di Kendall 0.443 0.000 —1.000** —1.000** =
P 0.100 1.000 0.002 0.002
RH Tau B di Kendall —0.443 0.000 —1.000** —1.000** 1.000** =
P 0.100 1.000 0.002 0.002 0.002
Altitude Tau B di Kendall 0.569* 0.000 —0.889** —0.889** 0.889** 0.889** -
P 0.027 1.000 0.003 0.003 0.003 0.003
T average Tau B di Kendall —0.443 0.000 1.000** 1.000** —1.000** 1.000** —0.889*
P 0.100 1.000 0.002 0.002 0.002 0.002 0.003
*p <0.05.
*p <001

D < 0.001.
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Before trial NPK Unfertilised 25 t/ha seaweed 50 t/ha seaweed

Mean + 1o Mean + 1o Mean + 1o Mean + 1o

Grain 8315 (%) 10 +11.38 +0.37 +11.93 +0.40 +14.13 £ 0.60 +14.38 + 0.64

%S 0.10 £ 0.02 0.11£0.02 0.13 £ 0.02 0.13£0.02
Straw 85 (%) 5 +12.16 £ 0.49 +12.88 £ 0.49 +14.68 £ 117 +15.49 +0.26

%S 0.08 £ 0.01 0.10 £ 0.02 0.10 0,01 0094001
Fertiliser 535 (%) 2 +7.01 £0.05 +18.36 £ 0.08 +18.36 £ 0.08

%S 128+£0.18 3.14 £ 0.08 314008
Soil %15 (%) 1 +1323 +12.28 +12.73 +12.12 +12.75

%S 0.08 0.12 0.08 0.17 0.18

Values indicate mean =+ standard deviation (o).
*n denotes the number of samples per treatment.
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Soil condition Length (mm) Width (mm) Depth (mm) Mass (mg) Equivalent TGW (g)
Min—max, Min-max, Min-max, Min-max,
mean =+ 1o mean =+ 1o mean =+ 1o mean + 1o

Unfertilised 25 5.6-6.7,60+03 25-3.5,3.0£02 20-2.8,24£02 19-41,28 6 28

25 t/ha seaweed 25 57-7.3,65+04 29-3.6,33£02 24-2.8,2.6£0.1 24-43,34 %5 34

50 t/ha seaweed 25 62-7.4,67£0.3 3.0-3.6,33£02 25-2.9,2.6£0.1 29-47,36 £ 5 36

NPK 25 58-7.4,65+ 0.4 27-3.6,33£02 22-28,26£02 24-46,35+ 5 35
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NIG] Dingdol Piy: Jiweng
Macrobotanical analyses [from Tang et al. (2022)]

Contexts floated 2 4 5
Barley grains recovered

Hordeum vulgare var. nudum (naked) 413 25 92
Hordeum vulgare var. vulgare (hulled) 62 1 3
indeterminate 330 10 84
Rachises recovered

Hordeum sp. 36 85 61
Cerealia 0 2 1

Cl14 date uncal BP 1,588 + 18 BP 2,272 £ 19 BP 2,254 £ 19 BP

C14 date cal BCE/CE (95.4 % probability)

cal AD 428-541

396-212 cal BCE

391-208 cal BCE

Site type Year-round agropastoral village Unclear Seasonal campsite

This Study

Grains for isotopic analysis 19 naked, 8 hulled 9 naked 19 naked

Context 2019 DD HD1 2019 PY3@ 2019 JWT04 HT1

Context description Fireplace Trench 04, fireplace Location 3, layer 2, dense occupation

layer

Macrobotanical data from Tang et al. (2022).
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- Thresholds yesilol This paper, adjusted for study area

Adjusted for study area

stC 315C +2%0 AC ABC Water threshold

=25 -23 18.5 16.5 Superfluous

—-24 -22 17 15 Optimal
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Measurement Dingdong all Dingdong Dingdong

grains Hordeum vulgare Hordeum vulgare
var. nudum var. vulgare

n=27 n=19 n==38
AC mean = SD (1 0) (%o) 158£09 156£0.9 15608 167 £ 1.1 16206
959 CI [LL, UL] [15.5,16.1] 15.3,16.0 149,163 [16.1,16.9] [15.7, 16.6]
Median 155 154 154 169 162
815N mean = SD (1 0) (%) 166+ 19 170 £1.9 159016 135+19 14217
959 C [LL, UL [15.9,17.4] 16.0,17.9 145,173 (125, 14.4] [12.9,15.5]
Median 17.2 17.3 156 138 138
Length mean % SD (1 0) (mm) 5914049 5744039 6254052 5194062 477 £047
959% C [LL, UL] [57,6.12] 5.53,5.95 5.82,6.69] [4.88,55] [4.38,5.16]
Median 585 574 575 52 479
Breadth mean % SD (1 0) 3.06 %047 3254035 2564029 2244041 3144036
(mm)
959 C [LL, UL 287,325 3.10,3.45 2.32,3.81 [3.25,3.44] [3.1,341]
Median 31 3.17 246 315 3.05
Thickness mean % SD (1 0) 2284038 2474026 1.83£021 2344029 2114032
(mm)
959 C [LL, UL 213,243 2.34, 2.60) 1.65,2.01 [22,2.48] [1.87,2.35)
Median 234 246 1.81 231 207
Length/Breadth ratio mean £ 20042 1.76 £0.18 247 £0.68 1.6+£02 1.51£0.06
SD (1 0) (mm)
959 C [LL, UL 1.82,2.18; 1.67, 1.86 2.16,2.78, [15,1.71] [1.46, 1.56]
Median 1.88 172 265 1.57 153

Due to preservation and taphonomic processes, grains from Dingdong are missing 3 length and 1 breadth measurements, grains from Jiweng are missing 1 length and 1 breadth measurements,
and a grain from Piyang is missing 1 length measurement.
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Standard deviation Target MoE (in Target MoE (in N (on average) N (with 99%

(SD, 10) original units, %o) population SD units) assurance)

Expected effect size = 1.0%o

030 050 1.67 5 8
0.40 050 125 7 11
0.50 0.50 1.00 9 15
0.60 050 0.83 13 20
0.70 050 071 17 25
0.80 050 0.63 21 30
0.90 050 056 26 37
1.00 050 050 32 4
Expected effect size = 3.0%o

0.80 1.50 1.88 4 7
0.90 1.50 1.67 5 8
1.00 1.50 1.50 5 9

Top: scenario for an expected effect size of 1.0% (MoE of 0.5%). Bottom: scenario for an expected effect size of 3.0%o (MoE of 1.5%s).
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org o ate o ptio Additional co e
ocal na
Shuulaytaa Optimal for extended field Versatile for household (kita, dama, and Bird food when ripe
duration (>3 months) chagqa) and market use
Gambella Very slow growing Widely used for both food (kita, dama) and | Bird food sources
local alcoholic beverages (chagqa)
Kulisshayta Fast growing Preferentially used for cooked food but not Bird food sources; valuable source
for beverages (chagqa) during drought conditions
Harkitteeta Fast growing Versatile for food and drinks valuable source of food security
due to its rapid growth
Hoyriya Slow growing Preferentially used for cooked food but not Not accessible to birds (as they
for beverages (chaqqa) cannot reach the grains)
Kodhano Fast growing Versatile for food and drinks; especially Bird food sources

preferred for beverages (chagqa) because of
its taste
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ID_Village Species Geographic coo Zone Iso lab code

Gambella (Konso) Sorghum 1,523 N-0520.317 Dokato (local farmer) RET30
E- 03725.572

Hargitet (Konso) Sorghum 995 N- 05 14.515 Dokato (local farmer) RET31
E-03732.3.48

Kodhano (Konso) Sorghum 995 N-0514.515 Dokato (local farmer) RET32
E-03732.3.48

Shuleya (Konso) Sorghum 1,523 N-0520.317 Dokato (local farmer) RET33
E- 03725.572

Kulisheyda (Konso) Sorghum 995 N- 05 14.515 Dokato (local farmer) RET34
E- 03732.3.48

Hoyriya (Konso) Sorghum 995 N-0514.515 Dokato (local farmer) RET35
E-03732.3.48

Nech Meshila (Tigrigna) Sorghum 2,457 N-014.278 Adigrat (market) RET36
E- 039.457

Keyih Meshila (Tigrigna) Sorghum 2,457 N-014.278 Adigrat (market) RET37
E- 039.457

Bicha Meshila (Tigrigna) Sorghum 2,457 N-014.278 Adigrat (market) RET38
E- 039.457

Meshila (Tigrigna) Sorghum 2,457 N-014.278 Adigrat (market) RET39
E- 039.457

Keyih Degussa (Tigrigna) Finger millet 2,457 N-014.278 Adigrat (market) RET40
E-039.457
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Temperature Adigrat (June—November 2016) Konso (February—June 2021)
Max* (°C) Average (°C) Min* (°C) Max* (°C) Average (°C) Min* (°C)

Precipitation Max* (mm) Average  Min* (mm) Sum (mm) Max* (mm) Average Min* (mm) Sum (mm)

Relative humidity ~Max* (%) Average (%) Min* (%) Max* (mm) Average  Min* (mm)
(mm)

*Average month values.
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Study

Heaton et al. (2009)

Tax

Triticum aestivum

Pooled standard deviation

813C:0.51%0

Number of analyses

6 plots (6 randomly sampled single
grains per plot)

Larsson et al. (2019)

Hordeum vulgare ssp. vulgare

Plot 1.A0 (manured) 8'*N: 1.64%o

Plot 2.A0 (unmanured) §'*N: 0.56%o

Combined 8'"N: 1.23%o

6 single grains from 4 different
plants per plot

McKerracher et al. (2023) Triticum aestivum (low level 813C:0.23%0 5 quadrants from a large plot (90
‘manuring) randomly sampled single grains
from one quadrant, 10 randomly
sampled single grains from the
remaining 4 quadrants)
815N: 0.49%0
Combined All cereals §12C:0.30%0 11 plots
§15N: 0.76%0 7 plots

Combined variability is highlighted in bold.
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Rese: question

Comparison of cultivation practices between crop
species and assemblages and their potential variability
over time and space

Examples

Araus et al, 2014

Bishop et al., 2022

Kanstrup et al,, 2014

Determining a mean crop isotope value for comparison

with human/faunal isotope values to reconstruct dietary
inputs, potentially within an integrated isotopic mixing

model

Styring et al,, 2018

Knipper et al., 2020

Tao etal,, 2022

Identifying agricultural intensification and
extensification and labor budgets in agro-pastoral
systems at variable scales and periods in different parts
of the world

Styring et al., 2022

Bogaard etal,, 2013

Tian etal, 2022

Establishing long-term trajectories of environmental
change and soil health

Gron etal,, 2021
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Material 95% 95% Cl C:N atomic 95% ClI Number of
confidence ratio analyses
interval (Cl)

Uncharred cereal 40.0 (39.9,40.9) 16 (15,1.7) 306 (283,33.0) 33

grains

Charred cereal 618 (61.0,62.6) 33 (3.1,3.4) 240 (23.2,24.8) 273

grains

Uncharred pulses 40.9 (40.1,41.7) 37 (3.4,4.0) 130 (12.0,14.0) 6

Charred pulses 602 (58.9,61.5) 62 (6.0,6.4) 115 (112,11.8) 69
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Pooled standard deviation

Number of analyses

Bogaard et al. (2007) Triticum aestivum §15N: 0.48%o 4 ears (between 17 and 23
single grains per ear)
Heaton et al. (2009) Triticum aestivum 813C: 0.50%0 2 ears (8 and 10 single grains
per ear)
Larsson et al. (2019) Hordeum vulgare ssp. vulgare | §'N: 0.44%0 8 ears (6 single grains per ear)
McKerracher et al. (2023) Triticum aestivum §13C:0.16%o 9 ears (10 single grains per
hear)
S15N: 0.10%0
Combined All cereals $13C:0.25%0 11 ears
§15N: 0.36%0 21 ears
Fraser et al. (2013a: Vicia faba §1°N: 0.2%0 6 pulses from a single pod
Supplementary Table 4)
Treasure etal. (2016) Vicia faba §13C:0.21%0 5 pods (between 3 and 4
pulses per pod)
§1N: 0.21%o
Szpak et al. (2014) Phascolus vulgaris 55N: 0.27%o 2 pods (3 pulses per pod)
Combined All pulses $15N: 0.22%0 8 pods

Combined variability is highlighted in bold.
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Classification by discriminant analysis
No manure 10-15 20-35

Classification by ordinal logistic regression

No manure Uo=15 20-35
t/ha/year t/ha/year t/ha/year t/ha/year
Manuring levels of samples
No manure (N = 25) 19 6 0 2 1 0
10-15 t/ha/year (N = 19) 1 17 1 2 16 1
20-35 t/ha/year (N = 18) 0 2 16 0 2 16
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Site, feature,

Variable

Mean [95% ClI] (

species
This
study
Acy-Romance “La Warde” $15N (%o) 12[-12;35] | 26[21;3.1
Silo 4524, Spelt
$13C (%) —229([-235; | -22.5[-22.9;
—22.2] =221
Acy-Romance “La Warde,” 815N (%0) 1.0[0.0;2.1 1.0[0.8; 1.3
Silo 3396, Barley
813C (%0) —243([-24.8; | —23.9[-24.05
—23.7] —23.8
Bailly “Le Merisier oust) Silo | 85N (%0) | 3.7 [3.2;4.2 30[2535
103, Free-threshing wheats
313C (%) —23.8(-24.4;  —238[-24.2%
—23.2] =234
Bailly “Le Merisier oust,” Silo §15N (%o) 4.2[3.9;4.6 4.1[3.54.7
103, Barley
SBC (%0) | —24.6[—24.8; | —24.6[—25.0;
—24.4] —24.2]
Houdan “Les Brosses;” SUSN (%) | 3.9 (34544 55[4.267
Batiment 2, Free-threshing
wheats
$BC (%) | —232[—238 | —23.1[-23.6;
—22.7 —22.6
Mareuil-Lés-Meaux “La $15N (%o) 4.1[3.5 4.7 4.1[3.9;4.3
Grange des Monts,” ST 41069
Emmer
$13C (%) —23.0([-235 | —232[-23.3;
—22.6] —23.1
Mareuil-Lés-Meaux “La 815N (%) 5.0(4.8;5.2 5.1[555.2.0]
Grange des Monts)” ST
41069, Free-threshing wheats
812C (%0) —22.3[-225 | —223[-22.4;
—22.1 —22.2]






