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A1: Hysteresis in the Carpenter model due to consump-9

tion rate10
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Figure A1: Hysteretic pattern for equation 2 with nutrient input rate a = 0.25, recycling rate
r = 4.5, and source function parameters m = 1, q = 4.

1



A2: Perturbations to infer unstable states11

We planned to test for the presence of unstable states by perturbing the system at even12

inorganic and organic fertilization levels to test for sudden jumps between alternative stable13

states. It is a standard assumption in hysteresis studies that we observe system only at a14

stable state, here, that is our measurements at the end of a week after fertilization. Therefore,15

when we reached 50% inorganic and 50% organic fertilization in our experiment, soils from16

a subset of our forward and reverse replicates were mixed at a 1:1, 1:2, or 2:1 ratio in order17

to forcefully move the state of the system to lie in between the two alternative states. We18

further perturbed the system with a±1/4 change to fertilization and observe effects on state19

variables. We expected that the change in the direction and magnitude of state variables20

would allow us to infer whether the unstable states in our inferred bifurcation plots curves21

that are consistent with empirical results and dynamic rules (Fig. 3, 4). However, we had too22

few replicates and too few perturbation treatments to fully contrast the theoretical prediction23

with the data. We show the outcomes of the perturbations in Fig. A2, A3.24
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Figure A2: Perturbations suggest alternative stable states in flux measurements. All the arrows
are formed by state variable measurements at the start and end of each week. The vertical ar-
rows represent the perturbations and the outcome. The vertical arrows are the average of three
replication for Week 3-4 and the average of two replications for Week 7-8.
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Figure A3: Perturbations suggest alternative stable states in fitness proxies. All the arrows are
formed by state variable measurements at the start and end of each week. The vertical arrows rep-
resent the perturbations and the outcome. The vertical arrows are the average of three replication
for Week 3-4 and the average of two replications for Week 7-8.
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A3: ANOVA tables25

Figure A4: ANOVA tables for nitrite leaching data. In the two-letter abbreviations, the first
letter indicates starting direction and the second letter indicates the direction of transition, where
f=forward and b=backward.
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Figure A5: ANOVA tables for nitrate leaching data.
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Figure A6: ANOVA tables for germinations data.
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Figure A7: ANOVA tables for diseased seeds data.
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Figure A8: ANOVA tables for water leaching data.
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Figure A9: ANOVA tables for dry weight data.
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A4: Results for germination, disease incidence, water26

flux and yield27
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Figure A10: Complex dynamics in greenhouse experiments.
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